
Journal of Medical Internet Research

Journal Impact Factor (JIF) (2023): 5.8
Volume 24 (2022), Issue 3    ISSN 1438-8871    Editor in Chief:  Gunther Eysenbach, MD, MPH

Contents

Reviews

The Effectiveness of Mobile Phone Messaging–Based Interventions to Promote Physical Activity in Type
2 Diabetes Mellitus: Systematic Review and Meta-analysis (e29663)
Mohammed Alsahli, Alaa Abd-Alrazaq, Mowafa Househ, Stathis Konstantinidis, Holly Blake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Standards, Processes, and Tools Used to Evaluate the Quality of Health Information Systems: Systematic
Literature Review (e26577)
René Noël, Carla Taramasco, Gastón Márquez. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Community Health Programs Delivered Through Information and Communications Technology in
High-Income Countries: Scoping Review (e26515)
Hannah Beks, Olivia King, Renee Clapham, Laura Alston, Kristen Glenister, Carol McKinstry, Claire Quilliam, Ian Wellwood, Catherine Williams,
Anna Wong Shee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Implementation of Cognitive Behavioral Therapy in e–Mental Health Apps: Literature Review (e27791)
Kerstin Denecke, Nicole Schmid, Stephan Nüssli. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

Improving the Development and Implementation of Audit and Feedback Systems to Support Health Care
Workers in Limiting Antimicrobial Resistance in the Hospital: Scoping Review (e33531)
Julia Keizer, Britt Bente, Nashwan Al Naiemi, Lisette Van Gemert-Pijnen, Nienke Beerlage-De Jong. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Use of Mobile and Wearable Artificial Intelligence in Child and Adolescent Psychiatry: Scoping Review
(e33560)
Victoria Welch, Tom Wy, Anna Ligezka, Leslie Hassett, Paul Croarkin, Arjun Athreya, Magdalena Romanowicz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

Workarounds in Electronic Health Record Systems and the Revised Sociotechnical Electronic Health
Record Workaround Analysis Framework: Scoping Review (e33046)
Vincent Blijleven, Florian Hoxha, Monique Jaspers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Effects of a Nurse-Led Telehealth Self-care Promotion Program on the Quality of Life of Community-Dwelling
Older Adults: Systematic Review and Meta-analysis (e31912)
Arkers Wong, Jonathan Bayuo, Frances Wong, Wing Yuen, Athena Lee, Pui Chang, Jojo Lai. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Inequities in Health Care Services Caused by the Adoption of Digital Health Technologies: Scoping Review
(e34144)
Rui Yao, Wenli Zhang, Richard Evans, Guang Cao, Tianqi Rui, Lining Shen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

Success Factors of Medical Crowdfunding Campaigns: Systematic Review (e30189)
Xiaoyan Hou, Tailai Wu, Zhuo Chen, Liqin Zhou. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.1

XSL•FO
RenderX

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


Process and Outcome Evaluations of Smartphone Apps for Bipolar Disorder: Scoping Review (e29114)
Iona Tatham, Ellisiv Clarke, Kelly Grieve, Pulkit Kaushal, Jan Smeddinck, Evelyn Millar, Aditya Sharma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Digital Assessment Tools Using Animation Features to Quantify Alcohol Consumption: Systematic App
Store and Literature Review (e28927)
Veronika Wiemker, Maria Neufeld, Anna Bunova, Ina Danquah, Carina Ferreira-Borges, Stefan Konigorski, Ankit Rastogi, Charlotte Probst. . . 
1 7 0

The Effectiveness of Physical Activity-Promoting Web- and Mobile-Based Distance Weight Loss Interventions
on Body Composition in Rehabilitation Settings: Systematic Review, Meta-analysis, and Meta-Regression
Analysis (e25906)
Heli Lahtio, Aki Rintala, Jaakko Immonen, Tuulikki Sjögren. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

Role of Telemedicine in Inflammatory Bowel Disease: Systematic Review and Meta-analysis of Randomized
Controlled Trials (e28978)
Lanlan Pang, Hengyu Liu, Zhidong Liu, Jinyu Tan, Long-yuan Zhou, Yun Qiu, Xiaoqing Lin, Jinshen He, Xuehua Li, Sinan Lin, Subrata Ghosh,
Ren Mao, Minhu Chen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

Value Cocreation in Health Care: Systematic Review (e33061)
Yuxin Peng, Tailai Wu, Zhuo Chen, Zhaohua Deng. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222

Telemedicine Acceptance Among Older Adult Patients With Cancer: Scoping Review (e28724)
Ning-Qi Pang, Jerrald Lau, Si-Ying Fong, Celine Wong, Ker-Kan Tan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

Telehealth Business Models and Their Components: Systematic Review (e33128)
Farnia Velayati, Haleh Ayatollahi, Morteza Hemmat, Reza Dehghan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

Synthesizing Dimensions of Digital Maturity in Hospitals: Systematic Review (e32994)
Rhona Duncan, Rebekah Eden, Leanna Woods, Ides Wong, Clair Sullivan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266

Physician Burnout and the Electronic Health Record Leading Up to and During the First Year of COVID-19:
Systematic Review (e36200)
Clemens Kruse, Michael Mileski, Gevin Dray, Zakia Johnson, Cameron Shaw, Harsha Shirodkar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

Digital Education for Health Professionals: An Evidence Map, Conceptual Framework, and Research
Agenda (e31977)
Lorainne Tudor Car, Selina Poon, Bhone Kyaw, David Cook, Victoria Ward, Rifat Atun, Azeem Majeed, Jamie Johnston, Rianne van der Kleij,
Mariam Molokhia, Florian V Wangenheim, Martin Lupton, Niels Chavannes, Onyema Ajuebor, Charles Prober, Josip Car. . . . . . . . . . . . . . . . . . . . . 860

Viewpoints

Patient Influencers: The Next Frontier in Direct-to-Consumer Pharmaceutical Marketing (e29422)
Erin Willis, Marjorie Delbaere. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294

How Can Research on Artificial Empathy Be Enhanced by Applying Deepfakes? (e29506)
Hsuan-Chia Yang, Annisa Rahmanti, Chih-Wei Huang, Yu-Chuan Li. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303

Tackling the Burden of Electronic Health Record Use Among Physicians in a Mental Health Setting:
Physician Engagement Strategy (e32800)
Tania Tajirian, Damian Jankowicz, Brian Lo, Lydia Sequeira, Gillian Strudwick, Khaled Almilaji, Vicky Stergiopoulos. . . . . . . . . . . . . . . . . . . . . . . . . . 311

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.2

XSL•FO
RenderX

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


A National Network of Safe Havens: Scottish Perspective (e31684)
Chuang Gao, Mark McGilchrist, Shahzad Mumtaz, Christopher Hall, Lesley Anderson, John Zurowski, Sharon Gordon, Joanne Lumsden, Vicky
Munro, Artur Wozniak, Michael Sibley, Christopher Banks, Chris Duncan, Pamela Linksted, Alastair Hume, Catherine Stables, Charlie Mayor,
Jacqueline Caldwell, Katie Wilde, Christian Cole, Emily Jefferson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322

Scale-up of Digital Innovations in Health Care: Expert Commentary on Enablers and Barriers (e24582)
Hannes Schlieter, Lisa Marsch, Diane Whitehouse, Lena Otto, Ana Londral, Gisbert Teepe, Martin Benedict, Joseph Ollier, Tom Ulmer, Nathalie
Gasser, Sabine Ultsch, Bastian Wollschlaeger, Tobias Kowatsch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338

The Disclosure of Personally Identifiable Information in Studies of Neighborhood Contexts and Patient
Outcomes (e30619)
Andrew Rundle, Michael Bader, Stephen Mooney. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349

Gray Literature in Evaluating Effectiveness in Digital Health and Health and Welfare Technology: A Source
Worth Considering (e29307)
Sara Landerdahl Stridsberg, Matt Richardson, Ken Redekop, Maria Ehn, Sarah Wamala Andersson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 354

Original Papers

Increasing the Effectiveness of a Physical Activity Smartphone Intervention With Positive Suggestions:
Randomized Controlled Trial (e32130)
Aleksandrina Skvortsova, Talia Cohen Rodrigues, David de Buisonjé, Tobias Kowatsch, Prabhakaran Santhanam, Dieuwke Veldhuijzen, Henriët
van Middendorp, Andrea Evers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 366

Effect of Source Type and Protective Message on the Critical Evaluation of News Messages on Facebook:
Randomized Controlled Trial in the Netherlands (e27945)
Frans Folkvord, Freek Snelting, Doeschka Anschutz, Tilo Hartmann, Alexandra Theben, Laura Gunderson, Ivar Vermeulen, Francisco
Lupiáñez-Villanueva. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381

Cost-effectiveness of Web-Based and Home-Based Postnatal Psychoeducational Interventions for First-time
Mothers: Economic Evaluation Alongside Randomized Controlled Trial (e25821)
Qishi Zheng, Luming Shi, Lixia Zhu, Nana Jiao, Yap Chong, Sally Chan, Yiong Chan, Nan Luo, Wenru Wang, Honggu He. . . . . . . . . . . . . . . . . . . . . 392

Clinical Outcomes Among Working Adults Using the Health Integrator Smartphone App: Analyses of
Prespecified Secondary Outcomes in a Randomized Controlled Trial (e24725)
Stephanie Bonn, Gabriella Licitra, Rino Bellocco, Ylva Trolle Lagerros. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408

Social Media–Delivered Patient Education to Enhance Self-management and Attitudes of Patients with
Type 2 Diabetes During the COVID-19 Pandemic: Randomized Controlled Trial (e31449)
Cheng Leong, Ting-I Lee, Yu-Mei Chien, Li-Na Kuo, Yu-Feng Kuo, Hsiang-Yin Chen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 419

Review of Mobile Apps for Women With Anxiety in Pregnancy: Maternity Care Professionals’ Guide to
Locating and Assessing Anxiety Apps (e31831)
Kerry Evans, Jasper Donelan, Stefan Rennick-Egglestone, Serena Cox, Yvonne Kuipers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433

Efficacy, Benefits, and Harms of a Self-management App in a Swedish Trauma-Exposed Community
Sample (PTSD Coach): Randomized Controlled Trial (e31419)
Ida Hensler, Josefin Sveen, Martin Cernvall, Filip Arnberg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444

Effect of a Lifestyle-Focused Web-Based Application on Risk Factor Management in Patients Who Have
Had a Myocardial Infarction: Randomized Controlled Trial (e25224)
Halldóra Ögmundsdóttir Michelsen, Ingela Sjölin, Maria Bäck, Manuel Gonzalez Garcia, Anneli Olsson, Camilla Sandberg, Alexandru Schiopu,
Margrét Leósdóttir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.3

XSL•FO
RenderX

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


The Characteristics and Functionalities of Mobile Apps Aimed at Patients Diagnosed With Immune-Mediated
Inflammatory Diseases: Systematic App Search (e31016)
Rosa Romero-Jimenez, Vicente Escudero-Vilaplana, Esther Chamorro-De-Vega, Arantza Ais-Larisgoitia, Maria Lobato Matilla, Ana Herranz-Alonso,
Maria Sanjurjo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477

An mHealth Intervention to Reduce the Packing of Discretionary Foods in Children’s Lunch Boxes in Early
Childhood Education and Care Services: Cluster Randomized Controlled Trial (e27760)
Nicole Pearson, Meghan Finch, Rachel Sutherland, Melanie Kingsland, Luke Wolfenden, Taya Wedesweiler, Vanessa Herrmann, Sze Yoong. 
4 8 7

Education on Depression in Mental Health Apps: Systematic Assessment of Characteristics and Adherence
to Evidence-Based Guidelines (e28942)
Laura Martinengo, Anne-Claire Stona, Lorainne Tudor Car, Jimmy Lee, Konstadina Griva, Josip Car. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501

Effect of Sleep Disturbance Symptoms on Treatment Outcome in Blended Cognitive Behavioral Therapy
for Depression (E-COMPARED Study): Secondary Analysis (e30231)
Esben Jensen, Nicolai Ladegaard, Angelina Mellentin, David Ebert, Ingrid Titzler, Ricardo Araya, Arlinda Cerga Pashoja, Jean-Baptiste Hazo,
Jérôme Holtzmann, Roman Cieslak, Ewelina Smoktunowicz, Rosa Baños, Rocio Herrero, Azucena García-Palacios, Cristina Botella, Thomas
Berger, Tobias Krieger, Trine Holmberg, Naira Topooco, Gerhard Andersson, Annemieke van Straten, Lise Kemmeren, Annet Kleiboer, Heleen
Riper, Kim Mathiasen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 517

Internet-Delivered Cognitive Behavioral Therapy for Generalized Anxiety Disorder in Nationwide Routine
Care: Effectiveness Study (e29384)
Ville Ritola, Jari Lipsanen, Satu Pihlaja, Eero-Matti Gummerus, Jan-Henry Stenberg, Suoma Saarni, Grigori Joffe. . . . . . . . . . . . . . . . . . . . . . . . . . 530

The Perceived Benefits of Digital Interventions for Behavioral Health: Qualitative Interview Study (e34300)
Gabriela Marcu, Steven Ondersma, Allison Spiller, Brianna Broderick, Reema Kadri, Lorraine Buis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546

Barriers and Considerations in the Design and Implementation of Digital Behavioral Interventions: Qualitative
Analysis (e34301)
Gabriela Marcu, Steven Ondersma, Allison Spiller, Brianna Broderick, Reema Kadri, Lorraine Buis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559

Social-Cyber Maneuvers During the COVID-19 Vaccine Initial Rollout: Content Analysis of Tweets (e34040)
Janice Blane, Daniele Bellutta, Kathleen Carley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 576

Understanding Public Perceptions of Per- and Polyfluoroalkyl Substances: Infodemiology Study of Social
Media (e25614)
Hao Tian, Christy Gaines, Lori Launi, Ana Pomales, Germaine Vazquez, Amanda Goharian, Bradley Goodnight, Erica Haney, Christopher Reh,
Rachel Rogers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 591

The Public Perception of the #GeneEditedBabies Event Across Multiple Social Media Platforms:
Observational Study (e31687)
Congning Ni, Zhiyu Wan, Chao Yan, Yongtai Liu, Ellen Clayton, Bradley Malin, Zhijun Yin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 605

Puff Bars, Tobacco Policy Evasion, and Nicotine Dependence: Content Analysis of Tweets (e27894)
Kar-Hai Chu, Tina Hershey, Beth Hoffman, Riley Wolynn, Jason Colditz, Jaime Sidani, Brian Primack. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621

Content Analysis of Nicotine Poisoning (Nic Sick) Videos on TikTok: Retrospective Observational
Infodemiology Study (e34050)
Vidya Purushothaman, Tiana McMann, Matthew Nali, Zhuoran Li, Raphael Cuomo, Tim Mackey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 631

Exploring the Discursive Emphasis on Patients and Coaches Who Participated in Technology-Assisted
Diabetes Self-management Education: Clinical Implementation Study of Health360x (e23535)
Muhammed Idris, Ernest Alema-Mensah, Elizabeth Olorundare, Mohammad Mohammad, Michelle Brown, Elizabeth Ofili, Priscilla Pemu. . . 
6 3 9

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.4

XSL•FO
RenderX

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


Modeling Access Across the Digital Divide for Intersectional Groups Seeking Web-Based Health Information:
National Survey (e32678)
Kristina Medero, Kelly Merrill Jr, Morgan Ross. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 659

Enabling Eating Detection in a Free-living Environment: Integrative Engineering and Machine Learning
Study (e27934)
Bo Zhang, Kaiwen Deng, Jie Shen, Lingrui Cai, Bohdana Ratitch, Haoda Fu, Yuanfang Guan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 680

Tracking Subjective Sleep Quality and Mood With Mobile Sensing: Multiverse Study (e25643)
Koen Niemeijer, Merijn Mestdagh, Peter Kuppens. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 696

Demographic and Psychosocial Characteristics Associated With Use of a Prostate Cancer Survivorship
Website: Implications From a Multisite Randomized Controlled Trial (e27890)
Allison Marziliano, Michael Diefenbach, Shawna Hudson, Erin Tagai, Elizabeth Handorf, Alicja Bator, Suzanne Miller. . . . . . . . . . . . . . . . . . . . . . . . 713

Validity Evidence of the eHealth Literacy Questionnaire (eHLQ) Part 2: Mixed Methods Approach to Evaluate
Test Content, Response Process, and Internal Structure in the Australian Community Health Setting
(e32777)
Christina Cheng, Gerald Elsworth, Richard Osborne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 724

Comparing SF-36 Scores Collected Through Web-Based Questionnaire Self-completions and Telephone
Interviews: An Ancillary Study of the SENTIPAT Multicenter Randomized Controlled Trial (e29009)
Ay e Açma, Fabrice Carrat, Gilles Hejblum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 741

Development of a Prognostic App (iCanPredict) to Predict Survival for Chinese Women With Breast Cancer:
Retrospective Study (e35768)
Zhuo Ma, Sijia Huang, Xiaoqing Wu, Yinying Huang, Sally Chan, Yilan Lin, Xujuan Zheng, Jiemin Zhu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 755

Machine Learning Prediction Models for Gestational Diabetes Mellitus: Meta-analysis (e26634)
Zheqing Zhang, Luqian Yang, Wentao Han, Yaoyu Wu, Linhui Zhang, Chun Gao, Kui Jiang, Yun Liu, Huiqun Wu. . . . . . . . . . . . . . . . . . . . . . . . . . . . 768

The Mediating Role of Patients’ Trust Between Web-Based Health Information Seeking and Patients’
Uncertainty in China: Cross-sectional Web-Based Survey (e25275)
Wei Dong, Xiangxi Lei, Yongmei Liu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 783

Social Media Images as an Emerging Tool to Monitor Adherence to COVID-19 Public Health Guidelines:
Content Analysis (e24787)
Sean Young, Qingpeng Zhang, Daniel Zeng, Yongcheng Zhan, William Cumberland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 806

An mHealth Intervention to Improve Medication Adherence and Health Outcomes Among Patients With
Coronary Heart Disease: Randomized Controlled Trial (e27202)
Zhao Ni, Bei Wu, Qing Yang, Lijing Yan, Changqing Liu, Ryan Shaw. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 811

An Innovative Telemedical Network to Improve Infectious Disease Management in Critically Ill Patients
and Outpatients (TELnet@NRW): Stepped-Wedge Cluster Randomized Controlled Trial (e34098)
Gernot Marx, Wolfgang Greiner, Christian Juhra, Svenja Elkenkamp, Daniel Gensorowsky, Sebastian Lemmen, Jan Englbrecht, Sandra Dohmen,
Antje Gottschalk, Miriam Haverkamp, Annette Hempen, Christian Flügel-Bleienheuft, Daniela Bause, Henna Schulze-Steinen, Susanne Rademacher,
Jennifer Kistermann, Stefan Hoch, Hans-Juergen Beckmann, Christian Lanckohr, Volker Lowitsch, Arne Peine, Fabian Juzek-Kuepper, Carina
Benstoem, Kathrin Sperling, Robert Deisz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 827

Effectiveness, Cost-effectiveness, and Cost-Utility of a Digital Smoking Cessation Intervention for Cancer
Survivors: Health Economic Evaluation and Outcomes of a Pragmatic Randomized Controlled Trial (e27588)
Ajla Mujcic, Matthijs Blankers, Brigitte Boon, Irma Verdonck-de Leeuw, Filip Smit, Margriet van Laar, Rutger Engels. . . . . . . . . . . . . . . . . . . . . . . . . 843

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.5

XSL•FO
RenderX

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


A Question-and-Answer System to Extract Data From Free-Text Oncological Pathology Reports
(CancerBERT Network): Development Study (e27210)
Joseph Mitchell, Phillip Szepietowski, Rachel Howard, Phillip Reisman, Jennie Jones, Patricia Lewis, Brooke Fridley, Dana Rollison. . . . . . . . . . . . 881

Privacy Preservation in Patient Information Exchange Systems Based on Blockchain: System Design Study
(e29108)
Sejong Lee, Jaehyeon Kim, Yongseok Kwon, Teasung Kim, Sunghyun Cho. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 898

Improving Diagnosis Through Digital Pathology: Proof-of-Concept Implementation Using Smart Contracts
and Decentralized File Storage (e34207)
Hemang Subramanian, Susmitha Subramanian. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 918

A Web-Based Self-assessment Model for Evaluating Multidisciplinary Cancer Teams in Spain: Development
and Validation Pilot Study (e29063)
Mercedes Guilabert, Joan Prades, Josep Borras, Inmaculada Maestu, Juan Guerra, Lluís Fumadó, José Mira, AEMAC Program Research
Team. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 935

Contextualizing Engagement With Health Information on Facebook: Using the Social Media Content and
Context Elicitation Method (e25243)
Yonaira Rivera, Meghan Moran, Johannes Thrul, Corinne Joshu, Katherine Smith. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 950

Influence of Forced Online Distance Education During the COVID-19 Pandemic on the Perceived Stress
of Postsecondary Students: Cross-sectional Study (e30778)
Andrej Šorgo, Nuša Crnkovi , Branko Gabrovec, Katarina Cesar, Špela Selak. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 987

The Impact of COVID-19 Lockdown on Daily Activities, Cognitions, and Stress in a Lonely and Distressed
Population: Temporal Dynamic Network Analysis (e32598)
Matthias Haucke, Andreas Heinz, Shuyan Liu, Stephan Heinzel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000

Stratified Impacts of the Infodemic During the COVID-19 Pandemic: Cross-sectional Survey in 6 Asian
Jurisdictions (e31088)
Xi Chen, Fen Lin, Edmund Cheng. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1012

The Evaluation of a Social Media Campaign to Increase COVID-19 Testing in Migrant Groups: Cluster
Randomized Trial (e34544)
Ingeborg Elgersma, Atle Fretheim, Thor Indseth, Anita Munch, Live Johannessen, Christine Hansen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1032

Tracking Public Attitudes Toward COVID-19 Vaccination on Tweets in Canada: Using Aspect-Based
Sentiment Analysis (e35016)
Hyeju Jang, Emily Rempel, Ian Roe, Prince Adu, Giuseppe Carenini, Naveed Janjua. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1042

The Challenge of Debunking Health Misinformation in Dynamic Social Media Conversations: Online
Randomized Study of Public Masking During COVID-19 (e34831)
Mehdi Mourali, Carly Drake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1052

Letters to the Editor

Toward a Better Understanding of Quality Social Connections. Comment on “Quality Social Connection
as an Active Ingredient in Digital Interventions for Young People With Depression and Anxiety: Systematic
Scoping Review and Meta-analysis” (e36739)
Huachu Deng, Xingan Qin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 962

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.6

XSL•FO
RenderX

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


The Unclear Role of the Physician on Social Media During the COVID-19 Pandemic. Comment on
“Emergency Physician Twitter Use in the COVID-19 Pandemic as a Potential Predictor of Impending Surge:
Retrospective Observational Study” (e34870)
Spencer MacLeod, Nikhi Singh, Carter Boyd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 964

Interpretation Bias Toward the Positive Impacts of Digital Interventions in Health Care. Comment on “Value
of the Electronic Medical Record for Hospital Care: Update From the Literature” (e37208)
Erfan Shakibaei Bonakdeh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 966

Authors’ Reply to: Interpretation Bias Toward the Positive Impacts of Digital Interventions in Health Care.
Comment on “Value of the Electronic Medical Record for Hospital Care: Update From the Literature”
(e37419)
Jürgen Stausberg, Aykut Uslu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 968

Authors’ Reply to: Toward a Better Understanding of Quality Social Connections. Comment on “Quality
Social Connection as an Active Ingredient in Digital Interventions for Young People With Depression and
Anxiety: Systematic Scoping Review and Meta-analysis” (e37440)
Lindsay Dewa, Lily Roberts, Emma Lawrance, Hutan Ashrafian. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 971

Challenges in Measuring What Matters to Patients With Diabetes. Comment on “Measurement Properties
of Patient-Reported Outcome Measures for Diabetes: Systematic Review” (e36876)
Femke Rutters, Ellen Elsman, Lenka Groeneveld, Marlous Langendoen-Gort, Lidwine Mokkink, Caroline Terwee. . . . . . . . . . . . . . . . . . . . . . . . . . . 973

Authors’ Reply to: Challenges in Measuring What Matters to Patients With Diabetes. Comment on
“Measurement Properties of Patient-Reported Outcome Measures for Diabetes: Systematic Review”
(e37957)
Yu Kwan, Jie Phang, Sungwon Yoon, Lian Low. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 975

Corrigenda and Addendas

Correction: Using Participatory Design Methodologies to Co-Design and Culturally Adapt the Spanish
Version of the Mental Health eClinic: Qualitative Study (e37679)
Laura Ospina-Pinillos, Tracey Davenport, Antonio Mendoza Diaz, Alvaro Navarro-Mancilla, Elizabeth Scott, Ian Hickie. . . . . . . . . . . . . . . . . . . . . . . 978

Correction: COVID-19 Vaccine Tweets After Vaccine Rollout: Sentiment–Based Topic Modeling (e37841)
Luwen Huangfu, Yiwen Mo, Peijie Zhang, Daniel Zeng, Saike He. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 980

Metadata Correction: Clinical Outcomes Among Working Adults Using the Health Integrator Smartphone
App: Analyses of Prespecified Secondary Outcomes in a Randomized Controlled Trial (e38199)
Stephanie Bonn, Gabriella Licitra, Rino Bellocco, Ylva Trolle Lagerros. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 983

Correction: Gender-Specific Impact of Self-Monitoring and Social Norm Information on Walking Behavior
Among Chinese College Students Assessed Using WeChat: Longitudinal Tracking Study (e38221)
Yuepei Xu, Ling-Zi Yue, Wei Wang, Xiao-Ju Wu, Zhu-Yuan Liang. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 985

Journal of Medical Internet Research 2022 | vol. 24 | iss. 3 | p.7

XSL•FO
RenderX

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


Review

The Effectiveness of Mobile Phone Messaging–Based
Interventions to Promote Physical Activity in Type 2 Diabetes
Mellitus: Systematic Review and Meta-analysis

Mohammed Alsahli1,2, PhD; Alaa Abd-Alrazaq3,4, PhD; Mowafa Househ3, PhD; Stathis Konstantinidis1,5, PhD; Holly

Blake1,5, PhD
1School of Health Sciences, Faculty of Medicine and Health Sciences, University of Nottingham, Nottingham, United Kingdom
2Division of Health Informatics, College of Health Science, Saudi Electronic University, Riyadh, Saudi Arabia
3Division of Information and Computing Technology, College of Science and Engineering, Hamad Bin Khalifa University, Qatar Foundation, Doha,
Qatar
4AI Center for Precision Health, Weill Cornell Medicine-Qatar, Doha, Qatar
5Nottingham Biomedical Research Centre, National Institute for Health Research, Nottingham, United Kingdom

Corresponding Author:
Mowafa Househ, PhD
Division of Information and Computing Technology, College of Science and Engineering
Hamad Bin Khalifa University
Qatar Foundation
PO Box 34110, Doha Al Luqta St
Ar-Rayyan
Doha, 11023/2093
Qatar
Phone: 974 55708549
Email: mhouseh@hbku.edu.qa

Abstract

Background: The prevalence of type 2 diabetes mellitus (T2DM) is increasing worldwide. Physical activity (PA) is an important
aspect of self-care and first line management for T2DM. SMS text messaging can be used to support self-management in people
with T2DM, but the effectiveness of mobile text message–based interventions in increasing PA is still unclear.

Objective: This study aims to assess the effectiveness of mobile phone messaging on PA in people with T2DM by summarizing
and pooling the findings of previous literature.

Methods: A systematic review was conducted to accomplish this objective. Search sources included 5 bibliographic databases
(MEDLINE, Cochrane Library, CINAHL, Web of Science, and Embase), the search engine Google Scholar (Google Inc), and
backward and forward reference list checking of the included studies and relevant reviews. A total of 2 reviewers (MA and AA)
independently carried out the study selection, data extraction, risk of bias assessment, and quality of evidence evaluation. The
results of the included studies were synthesized narratively and statistically, as appropriate.

Results: We included 3.8% (6/151) of the retrieved studies. The results of individual studies were contradictory regarding the
effectiveness of mobile text messaging on PA. However, a meta-analysis of the results of 5 studies showed no statistically
significant effect (P=.16) of text messages on PA in comparison with no intervention. A meta-analysis of the findings of 2 studies
showed a nonsignificant effect (P=.14) of text messages on glycemic control. Of the 541 studies, 2 (0.4%) found a nonsignificant
effect of text messages on anthropometric measures (weight and BMI).

Conclusions: We could not draw a definitive conclusion regarding the effectiveness of text messaging on PA, glycemic control,
weight, or BMI among patients with T2MD, given the limited number of included studies and their high risk of bias. Therefore,
there is a need for more high-quality primary studies.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020156465;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=156465

(J Med Internet Res 2022;24(3):e29663)   doi:10.2196/29663
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Introduction

Background
The burden of diabetes is increasing, and the number of people
with type 2 diabetes mellitus (T2DM) worldwide has reached
387 million and is expected to increase to 592 million by 2035
[1]. This prevalence imposes a high and rising burden of lifelong
multiorgan complications, leading to increased disability and
risk of premature deaths, mainly in low- and middle-income
countries [2]. A considerable amount of literature suggests that
better management of T2DM delays the onset of short- and
long-term complications among people diagnosed with T2DM
[3-5]. Over the past decades, physical activity (PA) has been
part of the first line T2DM care management [6]. PA includes
all movements that increase energy use; however, there are three
main types of exercise: aerobic, strength training, and flexibility
work [7]. PA can help people with T2DM achieve a variety of
goals, including increased vigor, improved glycemic hemoglobin
control, decreased insulin resistance, increased cardiorespiratory
fitness, improved lipid profile, blood pressure reduction, and
maintenance of weight loss [8]. Unfortunately, patients with
T2DM are less likely to engage in regular PA, with recent
estimates demonstrating a lower participation rate compared
with the national average [9]. There have been many attempts
to explore alternative approaches to improve PA in people with
T2DM, and the mobile phone messaging revolution has brought
entirely new opportunities and increased access to
self-management education [1]. The literature shows that text
messaging–based interventions can be effective in improving
health-related behaviors and bridging the gaps between patients
and health care services for people living with chronic diseases
[10,11]. Text messaging may be 1-way (unidirectional) or 2-way
(bidirectional); they can be standardized or tailored to specific
patients and sent at varied frequencies based on the intervention
design [12]. Multiple meta-analyses have demonstrated the
overall success of mobile phone messaging in promoting various
aspects of behavior change for PA and mental health–related
disorders [1,13,14].

Research Problem and Aim
Several studies have assessed the effect of mobile text messaging
on the PA of patients with T2DM. It is crucial to summarize
and aggregate the findings of such studies to produce more
generalizable and definitive conclusions about the effectiveness
of such interventions. A total of 4 previous systematic reviews
did not provide evidence from studies with text messaging
interventions that specifically targeted PA. Specifically, the first
review focused on the impact of education on T2DM delivered
via mobile text messaging [15]. The second review assessed
the effectiveness of text messaging interventions on glycated
hemoglobin (HbA1c) in patients with T2DM, including all
self-management strategies [1]. The third review identified
randomized trials conducted to improve glycemic control in
T2DM, which involved the delivery of behavior change content
through a range of digital platforms and approaches (eg, SMS

text messaging, multimedia message service, or instant
messaging such as WhatsApp) [12]. The fourth review assessed
the effectiveness of technology-based interventions to promote
PA in T2DM; for this review, technology included mobile
phones and text messages, websites, CD-ROMs, and computer
learning–based technology [16]. This review was conducted
approximately 7 years ago, but studies involving
technology-based interventions are rapidly emerging and there
may be new published evidence. Therefore, this study aims to
assess the effectiveness of mobile phone messaging on PA in
patients with T2DM by summarizing and pooling the findings
of previous literature.

Methods

Overview
A systematic review was conducted and reported in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement (Multimedia Appendix
1) [17]. The protocol for this review was registered at
PROSPERO (ID: CRD42020156465).

Search Strategy

Search Sources
We used the following electronic databases in our search:
MEDLINE, Cochrane Library, CINAHL, Web of Science, and
Embase. These databases were searched on April 19, 2020, by
the first author (MA). Auto alerts were set after searching the
databases to conduct an automatic search weekly for 16 weeks
(ending on August 9, 2020) and send us the retrieved studies.
We also searched the search engine Google Scholar (Google
Inc) to identify gray literature. To identify further studies of
relevance to the review, we screened the reference lists of
included studies (ie, backward reference list checking) and
identified and screened studies that cited the included studies
(ie, forward reference list checking).

Search Terms
The search terms were identified by consulting 2 experts in
eHealth interventions for patients with diabetes and by checking
systematic reviews of relevance to the review. These terms were
chosen based on the target population (eg, type 2 diabetes,
diabetes type 2, and type II diabetes), target intervention (eg,
text messaging, text messages, and short messages), target
outcome (eg, PA, physical exercise, HbA1c, and weight), and
target study design (eg, trial, experiment, and randomized
controlled trial [RCT]). Multimedia Appendix 2 shows the
detailed search query used for searching MEDLINE.

Study Eligibility Criteria
The population of interest was adult patients (≥18 years) with
T2DM, regardless of their gender and ethnicity. We excluded
patients with type 1 diabetes mellitus, gestational diabetes, and
prediabetes. The target intervention in this review was mobile
phone text messages (SMS text messaging and multimedia
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message service), but not mobile apps, web-delivered
interventions, wearables, or emails. The aim of the text messages
was to improve solely PA but not diet, lifestyle, diabetic literacy,
or other aspects of self-care. The primary outcomes of interest
were subjectively or objectively measured PA (eg, step counts),
glycemic control (eg, HbA1c and fasting glucose), and
anthropometric measures (eg, change in weight and BMI). Only
RCTs were eligible for inclusion in this review. We considered
studies published only in the English language. No restrictions
were applied to the year of publication, country of publication,
comparator, type of publication, or study setting.

Study Selection
We followed 2 steps of the study selection process. In the first
step, 2 reviewers (MA and AA) independently sifted the titles
and abstracts of all retrieved studies. In the second step, the 2
reviewers independently scrutinized the full texts of the studies
included in the first step. In both steps, any disagreements
among the reviewers were resolved through discussion and
consensus. Cohen κ in this review indicated a very good level
of interrater agreement in the first (0.88) and second step (0.95)
of the selection process [18].

Data Extraction
Multimedia Appendix 3 shows the data extraction form that
was used in this review to precisely and systematically extract
the data from the included studies. A total of 2 reviewers (MA
and AA) independently conducted data extraction from the
included studies, and they resolved any disagreements through
discussion and consensus. Cohen κ showed a very good level
of interrater agreement among the reviewers (0.85) [18].

Risk of Bias Assessment
To assess the risk of bias in the included studies, we used the
Risk of Bias 2 tool, which is recommended by the Cochrane
Collaboration [19]. This tool assesses RCTs in terms of five
domains: randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result [19]. Then, the
overall risk of bias was determined for each study based on the
risk of bias judgments in the five domains [19]. A total of 2
reviewers (MA and AA) independently assessed the risk of bias
in the included studies, and any disagreements were resolved
through discussion and consensus. Interrater agreement among
the reviewers was very good (Cohen κ=0.86) [18]. We presented
the results of the risk of bias assessment using a graph showing
the reviewers’ judgments about each risk of bias domain in the
Results section. We also showed reviewers’ judgments about
each risk of bias domain for each included study using a figure
in Multimedia Appendix 4 [10,20-24].

Data Synthesis
We synthesized the extracted data using narrative and statistical
approaches. Specifically, meta-analysis was carried out when
at least two studies assessed the same outcome of interest and
reported sufficient data for the analysis (eg, mean difference,
SD, and number of participants in each intervention group).

When the abovementioned conditions were not met, we
narratively synthesized findings of the included studies. We
grouped and synthesized the findings according to the measured
outcomes (ie, PA, glycemic control, and weight change).

We conducted a meta-analysis using Review Manager 5.4,
which is a software developed by Cochrane. We used the mean
difference to assess the effect of each trial and the overall effect
when the outcome data were continuous, and the outcome
measure of each outcome was identical in the meta-analyzed
studies. However, we used the standardized mean difference
when, among studies, the outcome was measured using different
tools. We selected a random effects model in the analysis
because of the clinical heterogeneity among the meta-analyzed
studies in terms of intervention characteristics (eg, its
directionality, purpose, and frequency) and population
characteristics (eg, sample size and mean age).

We assessed the clinical heterogeneity of the meta-analyzed
studies by inspecting the characteristics of their interventions,
outcomes, participants, and comparators. Further, we evaluated
the statistical heterogeneity of the meta-analyzed studies. To

do so, we calculated a chi-square P value and I2 to evaluate the
statistical significance of heterogeneity and degree of
heterogeneity, respectively. We judged the meta-analyzed
studies as heterogeneous when the chi-square P value was ≤.05
[25]. The degree of heterogeneity was considered unimportant,

moderate, substantial, or considerable when I2 ranged from 0%
to 40%, 30% to 60%, 50% to 90%, or 75% to 100%, respectively
[25].

The overall quality of meta-analyzed evidence was examined
using the Grading of Recommendations Assessment,
Development, and Evaluation approach [26,27]. This approach
assessed the quality of evidence based on five main criteria:
risk of bias, inconsistency (ie, heterogeneity), indirectness,
imprecision, and publication bias [26]. A total of 2 reviewers
(MA and AA) independently assessed the overall quality of the
meta-analyzed evidence, and any disagreements were resolved
through discussion and consensus. Interrater agreement among
the reviewers was very good (Cohen κ=0.81) [18].

Results

Search Results
We retrieved 541 citations by searching the 6 bibliographic
databases (Figure 1). Of these 541 citations, 83 (15.3%)
duplicates were identified and excluded. We screened the titles
and abstracts of the remaining 84.6% (458/541) citations and
excluded 78.2% (423/541) citations owing to reasons shown in
Figure 1. By checking the full texts of the remaining 35 (6.5%)
studies, 31 (5.7%) studies were not eligible for this review for
several reasons (Figure 1). We identified 2 additional studies
by backward reference list checking. Overall, we included 6
studies in this review [10,20-24]. At all steps, consensus was
agreed between the 2 reviewers (MA and AA), and referral to
a third reviewer was not required.
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Figure 1. Flow chart of the study selection process.

Characteristics of Included Studies
As detailed in Table 1, all the included studies were RCTs. The
included studies were conducted in 3 countries: the United States
(n=3), Iran (n=2), and Indonesia (n=1); 4 of the studies were
published in 2018. The sample size in the included studies
ranged between 28 and 138, with an average of 81 (SD 40.03).

The mean age of participants in the included studies varied from
44.6 to 65.5 years, with an average of 51.6 years (SD 6.7). The
percentage of men in the included studies ranged from 23.3%
to 57.9%, with an average of 42.2% (SD 12.1). All studies
recruited patients with T2DM. The included studies recruited
participants from health care (n=5) and community (n=1).

Table 1. Characteristics of studies and population.

SettingHealth conditionSex (male)Age (years),
mean (SD)

Sample sizeStudy
design

CountryYearStudy

Health centersT2DMb48.4%51.4 (11.5)126RCTaUnited States2016Agboola et al
[20]

Public hospitalT2DM37.2%65.5 (5.8)43RCTIndonesia2018Arovah et al [21]

Diabetes clinicsT2DM53.4%47.6 (9.1)73RCTIran2018Lari et al [10]

Diabetes clinicsT2DM57.9%48.2 (8.8)76RCTIran2018Lari et al [22]

CommunityT2DM23.3%44.6 (15.9)138RCTUnited States2018Polgreen et al
[23]

Ambulatory care clinicT2DM33%52 (9.0)28RCTUnited States2017Ramirez and Wu
[24]

aRCT: randomized controlled trial.
bT2DM: type 2 diabetes mellitus.
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The interventions in the included studies were text messages
only (n=1), text messages and educational CD about PA (n=1),
and text messages and pedometers (n=4; Table 2). Text
messages were unidirectional (n=1), bidirectional (n=4), and
both (ie, most messages were unidirectional, and some messages
were bidirectional; n=1). The purpose of the text messages in
the included studies was to educate participants about PA (n=4),
remind them to wear the pedometer, review goals, or
self-monitor and record their steps (n=4), provide them with
feedback about their previous day’s activity (n=3), motivate

them to walk and exercise more (n=2), and set step goals (n=1).
The frequency of text messages sent to participants ranged
between 2 per week and 3 per day. The intervention was
delivered for 12 weeks in 4 studies and 24 weeks in 2 studies.
The intervention in 5 studies was theoretically informed.
Specifically, the following theories or models were used to
develop the intervention: Social Cognitive Theory (n=2), Health
Promotion Models (n=2), and Transtheoretical Model and
Grounded Theory (n=1).

Table 2. Characteristics of interventions.

Theory usedPeriodFrequencyPurposeDirectionalityInterventionStudy

Transtheoretical mod-
el and grounded theo-
ry

24 weeks2/dayEducation, moti-
vation, reminder,
and feedback

1- and 2-waySMS and pedometersAgboola
et al [20]

Social Cognitive The-
ory

12 weeks1-3/dayMotivation and
reminder

2-waySMS and pedometersArovah et
al [21]

Health promotion
models

Phase 1:
2 weeks;
Phase 2:
10 weeks

Phase 1: 2-3/day;
phase 2: 2/week

Education2-waySMSLari et al
[10]

Health promotion
models

12 weeks2/weekEducation1-waySMS + educational CDLari et al
[22]

N/Aa24 weeksIntervention 1:
2/day; interven-
tion 2: 1/day

Reminders, feed-
back, and setting
goals

2-wayIntervention 1: SMS text messaging (re-
minder) + SMS text messaging (goal set-
ting) + pedometer; intervention 2: SMS text
messaging (reminder)+pedometer

Polgreen
et al [23]

Social Cognitive The-
ory

12 weeks≥4/weekEducation re-
minders and
feedback

2-wayIntervention 1: SMS text messaging + pe-
dometer

Ramirez
and Wu
[24]

aN/A: not applicable.

The comparison group received pedometers in 4 of the studies
or no intervention in 2 studies (Table 3). The pedometers were
used by the participants for 12 weeks (n=2) or 24 weeks (n=2).
The follow-up period ranged from 4 weeks to 24 weeks. The
following outcomes of interest were assessed in the included

studies: PA (n=6), glycemic control indicators (n=3), weight
(n=1), and BMI (n=1). Step count was the most common
outcome measure used in the included studies (n=4), followed
by HbA1c (n=2), weight scale (n=2), and metabolic equivalent
of task questionnaire (n=2).
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Table 3. Characteristics of comparators and outcomes.

Outcome measureOutcomeFollow-up
(week)

Period
(week)

ComparatorStudy

Step count, weight scale, and HbA1c
bPAa, glycemic control,

and weight

2424PedometersAgboola et al
[20]

Step count, PARc questionnaire, HbA1c, fasting
glucose, and 2-hour glucose

PA and glycemic con-
trol

12 and 2412PedometersArovah et al [21]

METe questionnairePA4 and 12N/AdNo interventionLari et al [10]

MET questionnairePA4 and 12N/ANo interventionLari et al [22]

Step count, weight scale, and stadiometerPA and BMI12 and 2424PedometersPolgreen et al
[23]

Step countPA6 and 1212PedometersRamirez and Wu
[24]

aPA: physical activity.
bHbA1c: glycated hemoglobin.
cPAR: physical activity rating.
dN/A: not applicable.
eMET: metabolic equivalent of task.

Risk of Bias Results
Although all studies used an appropriate random allocation
sequence for the randomization process and had comparable
groups, only 2 studies concealed the allocation sequence until
participants were enrolled and assigned to interventions.
Accordingly, only these 2 studies were rated as having a low
risk of bias in the randomization process (Figure 2). In all

studies, participants, their health care professionals, researchers,
or individuals delivering the interventions were aware of the
assigned intervention during the trial. The study also did not
report any information about whether a deviation from the
intended intervention occurred owing to the experimental
context. Thus, none of the studies were rated as having a low
risk of bias in deviations from the intended interventions (Figure
2).

Figure 2. Review authors’ judgments about each risk of bias domain.

Outcome data were not available for all participants in the
included studies, and there was no evidence that the findings
were not biased by missing outcome data. However, the reasons
for missing outcome data were not related to the true value of
the outcome in all studies. Thus, all studies were judged as
having a low risk of bias in the domain of missing outcome
data.

In 4 studies, the outcomes of interest were assessed using
appropriate measures (eg, pedometer and HbA1c), which were
comparable between the intervention groups. Therefore, these
studies were rated as having a low risk of bias when measuring
the outcome. However, the remaining 2 studies were judged as
having a high risk of bias in this domain because they used
subjective outcome measures that depended on participants’
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recall, and participants and outcome assessors were not blinded
in the 2 studies (Figure 2).

Only 1 study was judged as having a low risk of bias in the
selection of the reported studies (Figure 2). This judgment is
attributed to the fact that the remaining studies did not publish
a prespecified analysis plan or reported outcome measurements
and analyses different from those specified in the analysis plan.
Given that 5 studies were judged as having a high risk of bias
in at least one domain, they were rated as high risk in the domain
of overall bias. The remaining study was judged to raise some
concerns in the domain of overall bias, as it had some concerns
in one of the domains. Reviewers’ judgments about each risk
of bias domain for each included study are presented in
Multimedia Appendix 4.

Results of Studies

Effect on PA
All included studies assessed the effect of using text messages
on PA among patients with T2DM. A total of 3 studies showed
a statistically significant effect of text messages on PA
[10,21,22,24]. To be more precise, Arovah et al [21] compared
the effect of text messages plus pedometers to only pedometers
on PA as measured by daily step count, self-reported walking
(min/week), and self-reported moderate-to-vigorous-intensity
PA (min/week). The study showed a statistically significant
effect of 12-week text messages plus pedometers to only
pedometers on daily steps (P<.001), self-reported walking
(P=.001), and moderate-to-vigorous-intensity PA (P<.001) [21].
In 2 further studies, where data were analyzed from different
arms of a single RCT in each study, Lari et al [10] compared
the effect of text messages only and text messages plus
educational CD [22] to no intervention on PA as measured by
the metabolic equivalent of task questionnaire. Both studies
found a statistically significant effect of text messages only

(P<.001) [10] and text messages plus educational CDs (P<.001)
[22] on PA compared with no intervention.

The 3 remaining studies did not find a statistically significant
effect of text messages on PA [20,23,24]. Specifically, Agboola
et al [20] compared the effect of text messages plus pedometers
to pedometers only on PA, as measured by the monthly step
count. Although the study found that step counts over 6 months
were higher in the intervention group than in the control group,
this difference was not statistically significant (P=.17) [20].
Another study assessed the effect of text messages plus
pedometers and only pedometers on PA, as assessed by daily
steps [24]. The study did not show any statistically significant
difference (P=.78) in PA between the 2 groups [24]. In a
previous study, Polgreen et al [23] compared the effect of 2
interventions to only pedometers on PA, as measured by daily
step count. The first intervention was pedometers plus text
message reminders to wear the pedometers (reminders and
pedometers), whereas the second intervention was the same as
the first intervention plus text messages asking participants to
set a step goal (goal setting, reminders, and pedometers) [23].
The study found no statistically significant differences in PA
among the 3 groups [23].

A total of 5 studies were included in the statistical analysis (ie,
meta-analysis), as they reported sufficient and appropriate data
for the analysis [10,21-24]. The meta-analysis contained 6
comparisons as we included a comparison from each of the 4
studies [10,21,22,24] and 2 comparisons from the remaining
study [23], which compared two types of text messages to no
intervention. The meta-analysis showed no statistically
significant difference in the PA (P=.16) between the text
message group and the control group (standardized mean
difference 0.16, 95% CI –0.06 to 0.39; Figure 3). The
heterogeneity of the evidence was not a concern (P=.29;

I2=19%). The quality of the evidence was very low because of
the high risk of bias and impression (Multimedia Appendix 5).

Figure 3. Forest plot of 6 studies assessing the effect of text messaging on physical activity.

Glycemic Control
A total of 2 studies examined the effect of text messages on
glycemic control, as assessed by HbA1c [20,21]. The results of
both studies were meta-analyzed. The meta-analysis showed
no statistically significant difference (P=.14) between the
intervention and control groups, with no difference observed
between text messages plus pedometers and only pedometers
on HbA1c (mean –0.16, 95% CI –0.36 to 0.05; Figure 4). There

was moderate heterogeneity of the evidence (I2=44%), but the

difference was not statistically significant (P=.18; Figure 4).
The quality of evidence was low as it was downgraded by 1
level owing to a high risk of bias (Multimedia Appendix 5). It
is worth mentioning that 1 of the 2 studies compared the effect
of text messages plus pedometers with only pedometers on
glycemic control as measured by fasting plasma glucose and
2-hour plasma glucose [21]. The study did not find a statistically
significant difference between the groups in terms of fasting
plasma glucose (P=.18) and 2-hour plasma glucose (P=.90)
[21].
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Figure 4. Forest plot of 2 studies assessing the effect of the text messaging on HbA1c.

Anthropometric Measures
A total of 2 studies assessed anthropometric measures as
outcomes (weight or BMI) [20,23]. The results of the 2 studies
could not be statistically synthesized, as they assessed different
outcomes. The first study showed no statistically significant
difference between the intervention and control groups, with
no effect of text messages plus pedometers on weight (P=.77)
compared with pedometers alone [20]. In the second study,
Polgreen et al [23] compared the effects of 2 interventions with
only pedometers on BMI. The first intervention was pedometers
plus text message reminders to wear the pedometers (reminders
and pedometers), whereas the second intervention was the same
as the first intervention plus text messages asking participants
to set a step goal (goal setting, reminders, and pedometers) [23].
The study found no statistically significant differences in BMI
among the 3 groups [23].

Other Outcomes
Secondary outcome measures reported in the examined studies
included the following variables and parameters: reports of
usability, satisfaction and adherence to the RCT as discussed
in the study by Agboola et al [20], and quality of life or
psychological outcomes (eg, self-efficacy, outcome expectations,
self-regulation, and social support) as discussed in Arovah et
al [21]. Lari et al [10,22] assessed the Health Promotion Model
constructs (eg, perceived benefits, perceived barriers, perceived
social support, and self-efficacy). Ramirez and Wu [24] also
investigated the feasibility, perceived usefulness, and potential
effectiveness.

Discussion

Principal Findings
This systematic review assessed the effectiveness of mobile
text messaging as a method of promoting PA alone in people
with T2DM. The meta-analysis of the results of 5 studies (6
comparisons) showed no statistically significant effect of mobile
text messaging on PA in comparison with no intervention. The
insignificant effect may be attributed to the fact that 3 studies
showed a statistically significant effect of mobile text messaging
on PA, whereas 2 studies did not find any significant effect of
text messages on PA. There are several potential reasons for
the significant increase in PA in 3 studies. First, the intervention
in 1 study [21] was combined with pedometers, and some studies
have found greater effects when using objective measures
compared with subjective measures [28]. It is possible that
participants in these studies were more active because of the
knowledge that they were wearing the pedometer [29]. The
remaining 2 RCTs [10,22] were rated as having a high risk of

bias because they used self-recall questionnaires to measure
PA. However, these measures can present limitations in
capturing PA because of poor reliability and validity, participant
recall bias, and differences in the interpretation of questions
[30]. Our findings are consistent with previous reviews that
assessed the effect of text messaging on PA in participants with
different chronic conditions [31]. Some studies observed only
small improvements in daily steps and self-reported PA; other
studies did not observe any statistically significant changes in
PA despite the use of different PA measurement strategies [31].

Our review found no statistically significant effect of mobile
text messaging on glycemic control as assessed by HbA1c,
fasting plasma glucose, and 2-hour plasma glucose. Our findings
are consistent with those of previous studies that showed no
significant difference in HbA1c levels in people with T2DM
following text messaging interventions [32]. This could be
attributed to the duration effect, which had short interventions
and follow-up durations (median 12 weeks); thus, outcomes
such as HbA1c are less likely to change over a short timescale
(3 months). In other words, it might take longer for the
intervention effects to become apparent [33].

The narrative synthesis in this review showed no statistically
significant effect of mobile text messaging on either weight or
BMI. We could not synthesize these measures in our
meta-analysis because of the high heterogeneity in the included
studies. Our findings are consistent with those of previous
reviews, and a meta-analysis showed no statistically significant
association between BMI and weight following mobile
messaging interventions in people with T2DM [34]. However,
it is important to be realistic about the period of intervention,
and a longer period is required to determine the desired
improvements in such clinical outcomes [35]. The
aforementioned studies had short interventions (median 12
weeks); thus, outcomes such as weight and BMI are less likely
to change on a short timescale [33].

Strengths and Limitations

Strengths
Our study is the first review and meta-analysis that focused on
the effectiveness of text messages targeting only PA among
T2DM patients. This enabled us to ensure that the effect of text
messaging on PA outcomes is attributed to PA-related message
content and to no other content such as diet, lifestyle, and
general diabetes education. Our study is considered a robust
and high-quality review given that we followed
well-recommended guidelines (ie, PRISMA) in developing,
executing, and reporting it.
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To run as sensitive a search as possible, we searched the most
popular databases in the health and information technology
fields using a very comprehensive list of search terms. The risk
of publication bias is minimal in this review because we
searched gray literature databases (ie, Web of Science and
Google Scholar) and conducted backward and forward reference
list checking. We did not restrict our search to specific countries
of publication, year of publication, comparators, or settings;
thus, this resulted in a more comprehensive review.

The risk of selection bias was minimal in the current review as
2 authors (MA and AA) independently selected the studies,
extracted data, and assessed the risk of bias and quality of
evidence, and they had a very good interrater agreement in all
processes. When possible, we meta-analyzed the results of the
included studies, and this improved the power of studies and
the estimates of the likely size of the effect of text messaging
on different outcomes.

Limitations
The intervention of interest in this review was restricted to
PA-related text messaging, so we did not examine the impact
of other digital interventions, such as mobile apps, wearables,
or other eHealth tools. We also focused on patients with T2DM,
rather than patients with other types of diabetes. Accordingly,
our results may not be generalizable to other eHealth
interventions or patients with type 1 diabetes mellitus or
gestational diabetes mellitus. In this review, we included only
RCTs published in the English language; thus, it is possible that
we missed results from some non-English RCTs. We applied
these restrictions owing to the high internal validity of RCTs
over other study designs [36] and lack of resources to translate
non-English studies. The included studies were conducted in
only 3 countries (the United States, Iran, and Indonesia);
therefore, the generalizability of our findings to other countries
may be limited. The findings were based on a small number of

studies that met the review criteria. Although 6 studies were
included in this review, 2 (33%) of the studies were from a
single RCT where 2 separate analyses were undertaken with
data taken from different arms. Only 2 studies were included
in each of the 2 meta-analyses conducted in this review. This
is attributed to the lack of reported data that were appropriate
for the analysis and incomparable outcome measures and
comparators between studies. As such, it is not possible to draw
firm conclusions about effectiveness.

Implications for Research
The current review found relatively few studies assessing the
effectiveness of text messages in promoting PA in T2DM; thus,
RCTs with larger sample sizes are needed. Future studies should
seek to include objective outcome measures (eg, PA, glycemic
control, and anthropometric measures), be consistent in terms
of selected outcome measures, and measure outcomes after
longer follow-up periods to be able to compare study findings
and make firm conclusions about intervention effectiveness.
More research is needed to determine the type of text message
content, frequency of messaging, and duration of intervention
that is most likely to result in positive outcomes. Additional
research needs to include an estimation of the cost-effectiveness
of text messages and an examination of their long-term impact.

Conclusions
We could not draw a definitive conclusion regarding the
effectiveness of text messaging on PA, glycemic control, weight,
or BMI among patients with T2MD, given the low number of
included studies and their high risk of bias. Thus, the findings
of this study suggest that texting messaging should not substitute
but rather supplement clinical support. In addition, there is a
pressing need for further RCTs with large sample sizes, low
risk of bias, and more consistency regarding intervention
duration, outcome measures, follow-up period, and comparator.
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Abstract

Background: Evaluating health information system (HIS) quality is strategically advantageous for improving the quality of
patient care. Nevertheless, few systematic studies have reported what methods, such as standards, processes, and tools, were
proposed to evaluate HIS quality.

Objective: This study aimed to identify and discuss the existing literature that describes standards, processes, and tools used
to evaluate HIS quality.

Methods: We conducted a systematic literature review using review guidelines focused on software and systems. We examined
seven electronic databases—Scopus, ACM (Association for Computing Machinery), ScienceDirect, Google Scholar, IEEE Xplore,
Web of Science, and PubMed—to search for and select primary studies.

Results: Out of 782 papers, we identified 17 (2.2%) primary studies. We found that most of the primary studies addressed
quality evaluation from a management perspective. On the other hand, there was little explicit and pragmatic evidence on the
processes and tools that allowed for the evaluation of HIS quality.

Conclusions: To promote quality evaluation of HISs, it is necessary to define mechanisms and methods that operationalize the
standards in HISs. Additionally, it is necessary to create metrics that measure the quality of the most critical components and
processes of HISs.

(J Med Internet Res 2022;24(3):e26577)   doi:10.2196/26577

KEYWORDS

health information systems; quality; standards; processes; metrics; systematic literature review

Introduction

The quality of information systems represents the set of qualities
and properties that characterize and determine the usefulness
and existence of these systems [1] (eg, security, usability,
scalability, and others). Quality can be interpreted as a set of
characteristics that a product or service possesses, as well as its
capacity to satisfy new and complex user requirements (eg,
security in medical records [2]). This implies that the product
or service complies with the specifications for which it has been
designed and must conform to those as expressed by users and

clients [3]. Some studies, such as Owens and Khazanchi [4],
associate quality with (1) the explicitly stated functional and
performance requirements, (2) the fully documented
development standards, and (3) the implicit characteristics
expected of any professionally developed system. On the other
hand, the IEEE (Institute of Electrical and Electronics Engineers)
defines quality as the degree to which a system, component, or
process meets the specified requirements and the needs or
expectations of the customer or user [5]. Both definitions denote
that the emphasis of quality is on the specific requirements of
the system and the pursuit of customer satisfaction.
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Health information system (HIS) quality refers to whether a
system’s internal and external specifications and the expectations
of stakeholders are satisfied [6]. The development of informatics
and technology has enabled health professionals to work with
large volumes of data and information, as well as to transmit
them smoothly. In turn, information from HISs can be used to
drive decision-making, policy, research, and, ultimately, health
outcomes [7]. In this regard, the use of health information
technology improves the quality and effectiveness of health
care. Additionally, it promotes individual and public health and
increases diagnostic accuracy [8].

HIS quality can be measured in several forms, where the leading
indicators are those related to patient care and the system’s
components and structure [9]. Quality standards use
methodologies for the design, programming, testing, and
analysis of the developed system, with the objectives of offering
(1) better reliability and maintainability that agree with the
requirements demanded by users and (2) control of the quality
of the system aiming at improving its effectiveness and
efficiency [10]. In general, once the system has been validated
as meeting the main functional requirements specified, the user
will perform acceptance tests in order to deploy the system into
the production environment.

HISs require methodologies and processes to evaluate their
quality, since these systems map the diversity of health systems
into explicit algorithmic functionalities, represented by software
systems, which can inevitably produce problems in terms of
efficiency or effectiveness in the work and daily activities of
clinicians [11]. Traditionally, health services have been
conceived as independent services where patients receive
different types of medical care at different levels (ie, primary,
secondary, and tertiary). This independence eventually leads to
a lack of communication and coordination between services,
which implies that the efficiency of an HIS is compromised
[12]. Therefore, quality standards allow us to evaluate and
standardize HISs in order to satisfy clinical requirements, define
processes, reduce management problems, and develop HISs
with high-quality standards. Although the range of quality
standards in information systems, in general, is quite broad,
there is little evidence of any compilation work that
systematically identifies, evaluates, and describes evidence from
primary studies related to quality standards in HISs. This
situation makes it difficult to have a comprehensive perception
of the most relevant aspects of the use and application of quality
standards in HISs.

The importance and relevance of quality evaluation in HISs
have been explored in several literature reviews. Villamor
Ordozgoiti et al [13] conducted a literature review related to
quality criteria in information and communication technologies
in health care. The authors concluded that quality assessment
that specifies health care systems’ requirements, including
management, clinical, diagnostic, or monitoring, should be
oriented toward the perspective of the institutions as users,
clients, and acquirers of software. Sousa and Lopez [14]
addressed the problem of usability regarding health care systems
and how this problem can compromise the quality of the
systems. For this reason, the authors conducted a systematic
review regarding the usability of eHealth tools. The review

results indicated that the poor usability of eHealth tools affects
the possibility of adopting this type of system. Azad-Khaneghah
et al [15] combined grey literature and academic literature
reviews to evaluate mobile health (mHealth) apps’usability and
quality. The authors noted that most of the current mobile app
quality rating scales have not been developed for the general
public. Nouri et al [16] conducted a systematic review
addressing the quality assessment of mHealth apps. As a result
of the study, the authors mentioned the enormous heterogeneity
in the evaluation criteria of mHealth apps in different studies.
This may be due to the researchers’various quality assessments
or different definitions for each criterion. Triantafillou [17]
conducted a narrative review on the quality management
methods for electronic health records (EHRs). The results of
this review indicated that there is substantial evidence that EHR
systems contribute in various ways to improving quality
management. Although there is a constant interest in quality
assessment in several health care systems, to the best of our
knowledge, few studies have explicitly addressed what
standards, processes, and tools are used to assess HIS quality.

In this paper, we report the results of a systematic literature
review (SLR) on methods used to evaluate the quality of HISs.
The main objective of this review was to identify, characterize,
and describe primary studies that complement the state-of-the-art
of standards, processes, and tools used to evaluate HIS quality.
We reviewed over 782 articles, from which we selected 17
(2.2%) primary studies. We analyzed, classified, and described
each primary study in order to discuss the proposals for the
quality evaluations of HISs. Based on our main objective, we
defined the following research questions: What standards and
certifications have been used to certify the quality of HISs?
Which processes have been used to certify a software product?
Which tools have been used by health software providers to
certify a built software product?

The first research question addresses techniques and methods
that allow us to describe patterns, models, or benchmarks to
measure or evaluate quality of HISs. The second research
question focuses mainly on describing phases or sets of activities
that enable the evaluation of HIS quality. Finally, the third
research question addresses technologies that facilitate the
practical application of standards, certifications, and processes.

Methods

Identification
We used the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement [18] to conduct our
SLR (Figure 1). Additionally, we used the PICO (population,
intervention, comparison, and output) structure suggested by
Petersen et al [19] to define a search string according to the
population, intervention, comparison, and output. The following
points describe the keywords for the PICO structure:

1. Population: articles related to HISs and synonyms (“health
information system*” OR “e-health” OR “eHealth” OR
“health software”).

2. Intervention: articles related to the quality assessment of
HISs and synonyms (“certification” OR “testing” OR
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“validation” OR “verification” OR “assessment” OR
“legalization” OR “quality”).

3. Comparison: there were no previous studies on the subject
that could be used as a baseline for comparison since our
objectives and goals were not the same.

4. Output: standards, tools, or processes applied in quality
assessment (“process” OR “standard” OR “tool”).

We connected these concepts using “AND” and “OR” operators
and obtained the following search string: (“health information

system*” OR “e-health” OR “eHealth” OR “health software”)
AND (“testing” OR “assessment” OR “validation” OR
“verification” OR “certification”) AND (“process*” OR
“standard*” OR “tool*”). We explored seven electronic
databases—Scopus, ACM (Association for Computing
Machinery), ScienceDirect, Google Scholar, IEEE Xplore, Web
of Science, and PubMed—to search for and select primary
studies.

Figure 1. PRISMA flowchart of the selection of primary studies for the systematic literature review. PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.

Screening
We screened primary studies using inclusion and exclusion
criteria. We used the following inclusion criteria:

• The article is related to health

• The article provides HIS-related content and consolidated
results from its research

• The article references or presents a standard, process, or
tool

• The article addresses some quality attributes
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• The article describes evaluation methods of HISs.

On the other hand, we applied the following exclusion criteria:

• The words “health” and “information system” are found,
but they have no relation to our study

• The phrase “certification in health” is used, but its meaning
is related to security

• The article is not related to standards, processes, or tools
in the field of study

• The article is related to the quality attribute of
interoperability.

Quality Assessment
The purpose of the quality evaluation was to evaluate the
importance of each selected document. Although the quality
assessment did not affect the selection of primary studies [20],
we describe the evaluation primarily to reflect the selected
studies’ validity. According to each research question’s answer,
we evaluated each paper with 2, 1, or 0 points. Then, we chose
those papers that exceeded the 50% threshold. The studies
selected through this evaluation will ensure that our conclusions
from the extracted data have some support from adequate
resources (see Multimedia Appendix 1 for more details on the
quality assessment criteria).

Results

Overview
We identified 17 primary studies that were published in journals
and in conference proceedings [21-37]. The scores of each
selected primary study illustrate the quality and credibility of
our study results. The average score was 74% (SD 0.11%),
which means that the average quality of our study was
acceptable (see Multimedia Appendix 2 for more details on the
quality assessment results).

The study publication years ranged from 2004 to 2020. We did
not find studies that were published in 2005, 2006, 2008, 2011,
2012, or 2014. We did not find primary studies published in
workshop proceedings or book chapters (Multimedia Appendix
3).

Out of 17 primary studies, 59% (n=10) corresponded to research
conducted in Europe. On the other hand, 24% (n=4), 12% (n=2),
and 6% (n=1) of the studies corresponded to research conducted
in Asia, the Americas, and Oceania, respectively (see
Multimedia Appendix 4 for more detailed descriptions of the
primary studies).

Standards and Certifications
The primary studies described several types of standards and
certifications that are used in HISs (Table 1).
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Table 1. Standards and certifications used in the primary studies.

ReferenceStandards and certificationsStudy No.

[22]Usability heuristics1

[23]Telemedicine quality control2

[24]IHEa Connectathon, Q-RECb and ProRecc, CCHITd, and others3

[25]The IHE initiative4

[26]Lean and agile principles5

[27]ISOe/IECf 25010 standard6

[28]Custom certification framework7

[29]Custom usability principles applied in a case study8

[21]The uMARSg9

[30]The Constructive eHealth evaluation method10

[31]ISO 9241-21011

[32]The MDevSPICE framework12

[33]A care pathway data quality framework13

[34]The uMARS14

[35]The uMARS15

[36]The Medical Informatics Platform16

[37]The Medical Research Council framework17

aIHE: Integrating the Healthcare Enterprise.
bQ-REC is a project entitled European Quality Labelling and Certification of Electronic Health Record Systems (EHRs).
cThe ProRec initiative is a network of national nonprofit organizations (the “ProRec centres”) in Europe.
dCCHIT: Certification Commission for Health Information Technology.
eISO: International Organization for Standardization.
fIEC: International Electrotechnical Commission.
guMARS: end user version of the Mobile App Rating Scale.

A total of 65% (11/17) of the primary studies addressed
standards that are related to quality management in HISs. Some
of the primary studies, such as studies 1, 4, 5, and 10 (as
numbered in Table 1), established that quality is based on the
purposes and requirements established that must be met by any
health care organization and the satisfaction of the needs of the
people it serves. More precisely, HIS quality must allow for
effective responses to health problems or situations that affect
a population and its individuals, whether or not they identify
them; HIS quality must also establish or apply the necessary
diagnostic and therapeutic standards, procedures, and protocols
to verify the medical instruments and means used. Studies 11
and 12 stated that translating quality policies to HISs can present
diverse challenges that range from quality management to HIS
implementation standards.

In addition, 35% (6/17) of the studies proposed metrics that
allow for characterizing the standards. These metrics did not
entirely represent a specific standard or certification, but rather
they supported the evaluation of data control in telemedicine
(study 2), the certification of EHRs (study 3), reliability in
health-based mobile apps (studies 11, 15, and 17), and data
management in medical platforms (study 16).

A total of 24% (4/17) of the primary studies addressed standards
from a system perspective: 12% (2/17) addressed definition
models, 6% (1/17) discussed design principles, and 6% (1/17)
analyzed processes. In these studies, quality models and designs
in HISs were discussed, but the implications of these proposals
were not thoroughly discussed.

Processes
Generally, the primary studies discussed little information about
processes that allow for certifying the quality of software
products. Some studies, such as study 17, indicated that some
of the reasons why there are no documented or described cases
of processes to certify software are the costs of the processes.

Study 3 mentioned the processes defined by the ISO 9126
(International Organization for Standardization) standard to
evaluate the quality of EHRs. This ISO standard evaluates all
the characteristics of a software product from internal and
external perspectives. Following the same perspective of quality
in software products, study 6 mentioned that several scientific
studies described a considerable increase in the number of users
who surf the internet to obtain health-related information online.
For this reason, information-seeking behavior on the web results
in a need to ensure that web-based portals meet basic quality
standards. Therefore, study 6 described the experience of
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applying the ISO/IEC 25010 (International Electrotechnical
Commission) quality assessment process to the e-Ebola
Awareness System, an online health awareness portal. The
process results provided some insights into the issues that
negatively impacted the quality of the use of the portal,
demanding attention and improvement.

A novel proposal, inspired by the ISO 9241-210 standard, was
given by study 11. In this study, a human-centered design (HCD)
approach was proposed to design connected health devices in
order to ensure that user needs and requirements are considered
throughout the design process. According to the authors, HCD
is a multistage process that allows for several iterations of a
design and subsequent updating of the requirements.
Additionally, study 11 illustrated the implementation of an HCD
by describing the techniques used to evaluate and develop
usability and human factors in a case study addressing
smartphone design and end user and stakeholder involvement.

Tools
A total of 29% (5/17) of the primary studies used well-known
tools to certify the quality of health software. Studies 6 and 11
used the System Usability Scale (SUS) instrument [38]. This
scale provides a fast and reliable tool for measuring usability.
It consists of a 10-item questionnaire with five answer options
for respondents, ranging from “strongly agree” to “strongly
disagree.”

In addition to using the SUS, study 11 also used the
After-Scenario Questionnaire (ASQ) instrument [39]. This
questionnaire uses three statements to assess a user’s perceived
difficulty with a task in a usability test. Studies 1, 10, and 15
addressed the Nielsen heuristics [40], which are 10 guidelines
that measure usability through human-computer interaction.
These heuristics aim to create systems that are as user friendly
as possible.

Additionally, studies 1, 9, and 10 used other tools that were
specified concisely. Study 9 proposed a tool called the end user
version of the Mobile App Rating Scale (uMARS), which
consists of reliability testing of a version of the Mobile App
Rating Scale (MARS) for end users [21].

Discussion

Overview
Concerning standards (research question 1) and processes
(research question 2), quality management and metrics
concentrated the largest number of primary studies. The studies
addressed quality as part of HIS management, which implies
little detail on how quality standards were addressed in HISs.
Additionally, there was no evidence about using processes that
help manage HIS quality standards. In addition, four primary
studies (studies 2, 15, 16, and 17) addressed different
perspectives of metrics and did not discuss, in depth, what types
of processes they used to apply the metrics to HISs. Other
primary studies, such as studies 7, 9, and 13, addressed standards
related to processes, design principles, and the definition of
models but did not discuss the processes that support these
standards.

Regarding processes (research question 2) and tools (research
question 3), it is also worth noting the little discussion of these
topics in the primary studies. Unlike study 9, which addressed
a custom tool, only studies 3, 6, and 11 explicitly described the
tools they used to evaluate HIS quality and also included them
in the processes (ie, ISO/IEC 25010 and ISO 9126). However,
a significant number of primary studies did not fully address
quality assessment tools and supporting processes.

Another aspect described by some primary studies, such as
studies 9, 14, 15, and 17, was that many clinicians are now
taking advantage of the potential of mobile apps to address
specific health problems. This implies that there must be tools
to assess the appropriateness of usability regarding mobile apps.
Some of these tools point to user acceptability, ease of use, and
identification of risks in the use of mobile apps among patients.

Principal Findings
Our findings regarding HIS quality assessment revealed that
there are several technical and social challenges to effectively
achieving HIS quality objectives. More precisely, HIS quality
assessment offers a method for evaluating the impact of changes
in clinical processes that are embodied in systems. In general,
the HIS represents an organized set of clinical functions
involving people, data, activities, and overall material resources.
These elements interact with each other to process data and
information, including manual and automatic processes, in order
to distribute them most appropriately within a given organization
or entity based on its objectives.

Expanding the information on HIS quality requires the
development of valid measurement instruments. The primary
studies in this paper described some metrics, such as the SUS,
Nielsen metrics, the ASQ, and others; however, these metrics
only focus on one aspect of quality: usability. Usability in both
HISs and the health sector is a critical attribute. Usability is
defined as a measure of how well a specific user in a specific
context can use a product or design to achieve a defined
objective effectively, efficiently, and satisfactorily [40].

Other primary studies, such as studies 15 and 17, suggested that
quality can be measured in how a user employs an HIS. In this
regard, usability is one way to measure HIS quality. The primary
studies mentioned several quality standards and processes, such
as ISO 9126, ISO/IEC 62366:2015, and ISO/IEC 25010, that
were used to evaluate HIS quality. These standards are
composed of multidimensional attributes. For example, the
ISO/IEC 25010 standard considers eight categories, as follows:
(1) functional adequacy, (2) performance efficiency, (3)
compatibility, (4) usability, (5) reliability, (6) security, (7)
maintainability, and (8) portability. In turn, each category of
the standard is divided into more quality attributes. Considering
this example, it is natural to ask how HIS quality can be
evaluated using the ISO/IEC 25010 standard as a reference.
Extending this question to a more general scenario, another
concern that emerges is what quality attributes are relevant in
HISs.

The primary studies provided procedures and methods for
evaluating HIS quality. Nevertheless, one aspect that we noticed
is that there is no precise description of how to translate these
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standards into practice. Taking the example of the ISO/IEC
25010 standard, there is a considerable set of quality attributes
that allow quality to be established in HISs. However, there is
little information regarding success stories, case studies, or other
empirical studies that describe the lessons learned about
applying quality standards in HISs. This lack of information
does not allow for the replication of results in other HISs in
order to build a body of knowledge related to HIS quality. In
addition, the primary studies described very discreetly what
lessons they learned from applying quality standards to HISs.
HISs involve not only technical aspects but also social aspects.
The quality standards address the technical aspects of HIS
quality but leave the social aspects of HIS quality to be
addressed.

In the Results section, we described the metrics that were
reported in the primary studies. However, these metrics
addressed general aspects of information system usability.
Although these metrics greatly contributed to evaluating HIS
usability, they did not address other clinical aspects relevant to
clinicians. Some metrics, such as NISTIR 7804 (National
Institute of Standards and Technology Interagency/Internal
Report) and Health-ITUES (Health Information Technology
Usability Evaluation Scale), measure usability in specific HISs
(eg, EHRs), but again, these studies fell short of measuring
usability. Therefore, to expand the boundaries of quality
evaluation, it is necessary to identify which quality attributes
are most relevant to evaluating HIS quality. Once these attributes
have been identified, it is possible to conduct research on
defining precise metrics for evaluating HIS quality. Institutions
such as the World Health Organization have proposed various
tools to evaluate different aspects of HISs, such as organization,
clinical staff, technologies, and others.

The findings identified in this review provide a first impression
of the emerging challenges involved in HIS quality assessment.
HISs are complex and, as such, considerable effort is required
to evaluate the quality of a complex system. There is no doubt
that more than one metric should be proposed to evaluate all
HIS components, whether social or technical. However, it is
also desirable to share the lessons learned regarding conducting
HIS quality assessments. In this way, the results can be
replicated to help health care institutions evaluate their HISs in
order to improve the quality of care for their patients.

Additionally, our review revealed lines of research attempting
to increase the body of knowledge on HIS quality assessments.
Challenges related to identifying, describing, and characterizing
relevant quality attributes for assessing HIS quality; creating
and validating accurate quality metrics and instruments; and
reporting success stories and empirical evidence regarding HIS
quality assessments are just some possible research challenges
that can be addressed by the community. Furthermore, the
creation of a multidimensional metric to assess quality in HISs
is also considered a challenge. Given that HISs are composed
of several different components, proposing a metric that assesses
quality in a cross-dimensional way requires further research.

The benefits of using processes to evaluate and certify HIS
quality are positive. According to Love and Li [41], one of the
main benefits is improving clinical process efficiency and

effectiveness. This implies that the clinical services offered to
patients are of good quality. From an internal management point
of view, the processes help improve the internal communication
capacity (ie, clinical services) and allow the different
departments of a clinical institution to work together to satisfy
patients’ needs and expectations. However, our study’s results
revealed that the primary studies did not discuss, in depth, the
use of processes to certify HISs. On this point, Love and Li [41]
mentioned that applying quality certification processes can be
highly demanding. For example, the costs of applying an HIS
quality evaluation process are high, so such evaluations are
often limited to organizations that have the resources for the
evaluation. In addition, a large number of professionals are
needed to conduct these assessments. This implies that the
organization must have the resources to hire professionals and
successfully conduct the assessment process. Under these
scenarios, since health care institutions allocate their resources
mainly to clinical and in-hospital management in order to care
for patients, HIS evaluation does not necessarily rank high in
managers’ priorities.

Limitations
We critically reviewed the threats to the validity of our study.
Because we conducted an SLR, this study suffers from the
possible incompleteness of the search results and general
publication bias. To analyze the threats to the validity of our
study, we used the classification from Wohlin [42], which
describes guidelines for classifying and mitigating threats to
validity.

The threats to internal validity correspond to the factors that
can affect the results of the study. In this regard, the bias in
study selection is related to the potential bias in the search for
articles in SLRs. To mitigate this threat, we used a robust
literature review process on systems and software [20].
Additionally, we defined strict inclusion and exclusion criteria
to select the primary studies. On the other hand, we are aware
that the sample of studies obtained in this review was low
(N=17). However, we performed several cross-check validations
with three external collaborators to validate and evaluate each
primary study. It is important to note that this SLR focused on
HIS quality and not health quality. Therefore, after evaluating
more than 700 studies, we determined that 17 primary studies
satisfied our quality standards.

The threats to external validity are related to the restrictions
that allow for the generalization of the results. The main threat
is whether the primary studies represent HIS quality standards.
To mitigate this threat, we invited health professionals from the
Chilean National Center for Health Information Systems (CENS)
to discuss and analyze each primary study in order to obtain
feedback.

Regarding the threats to construction validity, these threats
correspond to the generalization of the results to the concept
underlying the execution of the SLR. The main threat is the
subjectivity of our results. To mitigate this threat, we invited
three external collaborators to support us in executing the SLR’s
main steps and comparing the results independently.
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Conclusions
In this paper, we described the results of an SLR on HIS quality
standards. We defined a rigorous process for identifying,
characterizing, and evaluating this academic literature. As a
result, we obtained 17 primary studies.

We identified five categories to classify standards. These
categories are the definition of models, design principles,
metrics, management, and processes. Most of the primary studies
concentrated on the management category. We also realized
that there is little information regarding processes that can be
used to evaluate HIS quality. Some primary studies described
evidence of ISO standards’ evaluation processes, such as ISO
9126 and ISO/IEC 25010, but most did not detail their
information. Finally, the primary studies were not clear in
explicitly describing what tools they used to certify HIS quality.

The evidence for tools found in the primary studies suggests
that these tools were usability evaluations.

Our findings point to primary studies agreeing that evaluating
HIS quality is a relevant aspect of providing quality care to
patients. However, several challenges compromise quality
assessment. These challenges correspond to (1) the
operationalization of quality certifications and standards in
HISs, (2) the poor description of the metrics to measure HIS
quality, and (3) the high demand for resources to conduct HIS
quality assessments. To address these challenges, health care
institutions must understand the importance of constantly
assessing HIS quality. Defining standards, metrics, and
processes for assessing quality provides countless benefits for
HISs and contributes to creating quality-of-care models that
ensure that patients receive appropriate treatments, thus
minimizing the probability of errors.
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Abstract

Background: The COVID-19 pandemic has required widespread and rapid adoption of information and communications
technology (ICT) platforms by health professionals. Transitioning health programs from face-to-face to remote delivery using
ICT platforms has introduced new challenges.

Objective: The objective of this review is to scope for ICT-delivered health programs implemented within the community health
setting in high-income countries and rapidly disseminate findings to health professionals.

Methods: The Joanna Briggs Institute’s scoping review methodology guided the review of the literature.

Results: The search retrieved 7110 unique citations. Each title and abstract was screened by at least two reviewers, resulting in
399 citations for full-text review. Of these 399 citations, 72 (18%) were included. An additional 27 citations were identified
through reviewing the reference lists of the included studies, resulting in 99 citations. Citations examined 83 ICT-delivered
programs from 19 high-income countries. Variations in program design, ICT platforms, research design, and outcomes were
evident.

Conclusions: Included programs and research were heterogeneous, addressing prevalent chronic diseases. Evidence was retrieved
for the effectiveness of nurse and allied health ICT-delivered programs. Findings indicated that outcomes for participants receiving
ICT-delivered programs, when compared with participants receiving in-person programs, were either equivalent or better. Gaps
included a paucity of co-designed programs, qualitative research around group programs, programs for patients and carers, and
evaluation of cost-effectiveness. During COVID-19 and beyond, health professionals in the community health setting are
encouraged to build on existing knowledge and address evidence gaps by developing and evaluating innovative ICT-delivered
programs in collaboration with consumers and carers.
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Introduction

Background
Health professionals, working across community and acute
health care settings, have responded rapidly to the COVID-19
pandemic by adopting information and communications
technology (ICT) to continue delivering health programs [1-3].
Internationally, there has been an upward surge in the use of
ICT to facilitate videoconferencing and telephone consultations
to meet physical distancing requirements [4-6]. In Australia,
this shift to telehealth in the community health setting required
a temporary restructure to government funding models [7].
COVID-19 has been a catalyst for global adoption and focus
on the prioritization of ICT in health, particularly in the
community health setting (primary care, ambulatory care,
home-based care, and outpatient hospital care) where primary
and secondary prevention health programs are delivered
[3,8-13].

Digital health, eHealth, and telehealth (including telemedicine)
are terms used interchangeably and broadly defined as the use
of ICT platforms for the remote delivery of health care to
consumers [3,14,15]. Examples include videoconferencing and
telephone consultations, web-based platforms, electronic health
records, SMS text messaging, and smartphone apps (or mobile
health, which can include telemonitoring platforms) [14].
Globally, there is increasing support for the use of ICT platforms
to improve the accessibility of health services, particularly for
health promotion and disease prevention [14,16]. This is
evidenced by a surge in research evaluating the usability and
effectiveness of ICT-delivered health [17,18], including
programs addressing chronic disease risk factors [19-23], patient
education and health literacy [24,25], and chronic disease
self-management [18,26-28].

Barriers to the adoption of ICT platforms by health professionals
are well documented and include a lack of ICT familiarity, lack
of time to implement ICT programs, design and technical
concerns, and attitudes toward ICT [29-32]. There has been
little scope to address these barriers during the pandemic, where
there has been a greater focus on the use of ICT in COVID-19
surveillance [33-35], and delivery of telehealth consultations
[3,36]. To support health professionals in transitioning
community health programs to remote delivery using ICT during
COVID-19, a collaborative group was established between 4
Australian universities and 2 regional health services in April
2020. A review working group was formed, with the purpose
of engaging directly with health professionals to understand
knowledge gaps regarding program delivery using ICT. During
the consultation phase (May to June 2020), health professionals
voiced concerns regarding the transition of community health
programs (particularly group programs) to an ICT platform and
the potential for reduced program effectiveness. Similar

concerns have been shared by other health professionals
internationally [37].

Approaches to undertaking reviews to inform evidence-based
decision-making in health care vary [38]. Engaging stakeholders
in the review process is suggested to generate more relevant
review findings and enable prompt dissemination into practice
[39]. An initial search was undertaken of MEDLINE Ovid,
Cochrane Database of Systematic Reviews, Joanna Briggs
Institute’s (JBI) Evidence Synthesis, and PROSPERO for
existing reviews (or proposed reviews) examining ICT-delivered
health programs implemented in the community health care
setting in high-income countries (HIC). No recent reviews were
located that mapped the evidence for community health
ICT-delivered programs, justifying the need for a scoping review
[40]. The review was limited to HIC because advanced use of
ICT platforms is more likely with similarities in resourcing [14].
Capturing a broad range of ICT platforms across various health
disciplines and specialties was important for participating health
professionals seeking to innovate and engage consumers in
programs. Responding to these needs, researchers and health
professionals in the review working group collaborated to
develop the review question, objectives, and inclusion and
exclusion criteria.

Review Questions and Objectives
The review question is as follows:

What is the evidence for the development and implementation
of health programs delivered through ICT for consumers in the
community health care settings in HIC?

The specific review objectives include the following:

1. to scope for evidence examining the development and
implementation of ICT-delivered health programs in the
community health care setting in HIC,

2. to scope for consumer co-design processes used to develop
health programs,

3. to examine strategies to facilitate the sharing of consumer
lived experience and peer interaction through an ICT
platform, and

4. to scope for any andragogical or pedagogical principles or
theories, informing program design.

Methods

Overview
This scoping review examined the evidence around
ICT-delivered health programs implemented in HIC community
health care settings. This review used the JBI’s scoping review
methodology [41]. Search terms were developed for the
population, concept, and context. The review question,
objectives, inclusion and exclusion criteria, and search strategies
were developed and documented in advance (Section S1 in
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Multimedia Appendix 1 [41-141]). The PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) was adhered to (Table S1 in
Multimedia Appendix 1) [42-141].

Search Strategy
The JBI 3-step search process was used [142]. A preliminary
search was undertaken in Ovid MEDLINE and CINAHL using
keywords. A tailored search was then developed for each
information source using keywords. For databases, a
combination of Boolean operators, truncations, and Medical
Subject Headings were used to form search strings (Multimedia
Appendix 1). Health librarian assistance was obtained for
developing the initial Ovid MEDLINE search strategy and
translating searches. Reference lists of included studies were
also searched for additional studies.

The databases searched included Ovid MEDLINE, CINAHL
(EBSCOhost), Embase (Elsevier), and Cochrane Database of
Systematic Reviews (Table S2 in Multimedia Appendix 1).

Multiple platforms were searched for gray literature (Table S3
in Multimedia Appendix 1). Database searches were conducted
on June 16, 2020. Gray literature searches were conducted
between June 15 and 30, 2020.

Inclusion Criteria and Exclusion Criteria
The literature was selected according to the inclusion and
exclusion criteria presented in Table 1). Health programs
(excluding infectious disease screening, surveillance, antenatal
and postnatal, and postoperative rehabilitation programs)
delivered by a health professional using an ICT platform to all
populations (including carers and family members) in the
community health context of HIC, as defined by the
Organization for Economic Co-operation and Development
(OECD) [142], were included. All types of literature published
from January 1, 2010, to June 16, 2020, were included to capture
a broad range of ICT platforms and health programs. Only
studies published in English were included because of resource
constraints.

Table 1. Inclusion and exclusion criteria.

Exclusion criteriaInclusion criteria

No exclusionsHealth programs delivered for infants, children, young people, and adults, in-
cluding those delivered for consumers, carers, and family or friends of con-
sumers

Population

Infectious disease screening and surveillance
programs, antenatal and postnatal programs, with
the exception of gestational diabetes mellitus and
postoperative rehabilitation programs

Health programs (interventions, models of health care, and services, including,
but not limited to, health education, self-management, health promotion and
rehabilitation for secondary prevention of disease) delivered by health profes-
sionals (including psychologists, speech therapists, speech pathologists, occu-
pational therapists, physiotherapists, physical therapists, podiatrists, exercise
physiologists, dietitians, social workers, audiologists, nurses, and doctors) ad-
dressing health conditions including, but not limited to, chronic disease (eg,
cardiovascular disease, respiratory disease, diabetes, renal disease, cancer, and
mental illness) or risk factors for developing chronic disease including, but not
limited to, obesity, physical inactivity, poor health literacy, and alcohol misuse
using information and communications technology (eg, mobile health, eHealth,
telehealth, web-based interventions, and digital health)

Concept

Programs delivered in low- and middle-income
countries

Health programs implemented in the community health context in high-income
countries (according to the Organization for Economic Co-operation and De-
velopment criteria), including primary care clinics and hospital outpatient
clinics

Context

Study Selection and Data Extraction
Searches were undertaken with the assistance of librarians
skilled in systematic reviews. Citations were imported into
Covidence (Veritas Health Innovation) for screening. Titles and
abstracts were screened independently by at least two reviewers
with conflicts resolved through mediation with an independent
reviewer. All authors were involved in either screening,
resolving conflicts, or both. Authors only resolved conflicts for
citations that they did not screen. Full-text review and data
extraction was then undertaken. For articles not meeting the
inclusion criteria, reasons were noted (Table S4 in Multimedia
Appendix 1). Reference lists of the included citations were
screened for additional literature. Data extraction was tabulated
(Section S1 in Multimedia Appendix 1), and findings were

synthesized using a descriptive approach informed by the review
objectives [41]. Consistent with scoping review methods and
to enable rapid dissemination of findings, a quality assessment
of the studies was not undertaken [143,144].

Results

Overview
Of the 399 citations eligible for full-text screening, 72 (18%)
met the inclusion criteria. An additional 27 citations were
identified from the reference lists of the included citations,
resulting in 99 citations examining 83 programs (Figure 1).
Reasons for exclusion were provided (Table S4 in Multimedia
Appendix 1).
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Figure 1. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) flow diagram. ICT: information and communications
technology.

Heterogeneity of Programs Using ICT Platforms
The included health programs (n=83) were heterogeneous in
design and use of ICT platforms, addressing a variety of chronic
diseases (cancer, 3/83, 4%; cardiovascular disease [CVD], 12/83,
14%; diabetes [including gestational diabetes], 30/83, 36%;
chronic obstructive pulmonary disease [COPD], 14/83, 17%;
other chronic diseases, 11/83, 13%; and chronic pain, 2/83, 2%)
and risk factors for developing chronic disease (11/83, 13%;
Table S5 in Multimedia Appendix 1). The most frequently used
ICT platform for program delivery was the telephone (24/83,
29%) and then internet-based platforms (21/83, 25%), telehealth
(telemonitoring; 15/83, 18%), and videoconferencing (11/83,
13%). Some programs used a combination of ICT: telephone
and internet-based platforms (1/83, 1%); telephone and mobile
apps (2/83, 2%); telemonitoring and an internet-based platform
(6/83, 7%); and telehealth (telemonitoring), videoconferencing,
and telephone (2/83, 2%). Most programs were delivered by
nurses (30/83, 36%) or a multidisciplinary health care team
(24/83, 29%), dietitians (8/83, 10%), physiotherapists (7/83,
8%), diabetes educators (4/83, 5%), and psychologists (4/83,

5%). Diverse community health settings were captured where
the programs were delivered. Most programs were delivered in
outpatient hospital settings (51/83, 61%), followed by
home-based settings (12/83, 15%; delivered by other community
health organizations that were not primary care practices or
hospitals), primary care practices (10/83, 12%), and other
community health centers, including multidisciplinary centers
(7/83, 8%) and community cancer centers (3/83, 4%).

The included health programs were from 19 OECD HIC. The
United States had the highest number of programs (31/83, 37%),
followed by Australia (14/83, 17%), Canada (7/83, 8%), Spain
(5/83, 6%), the United Kingdom (5/83, 6%), Denmark (4/83,
5%), Norway (3/83, 4%), Italy (3/83, 4%), the Netherlands
(2/83, 2%), Belgium (2/83, 2%), Taiwan (2/83, 2%), Greece
(2/83, 2%), France (2/83, 2%), Japan (1/83, 1%), Finland (1/83,
1%), Germany (1/83, 1%), South Korea (1/83, 1%), Singapore
(1/83, 1%), and Switzerland (1/83, 1%). A total of 2 programs
were implemented in >1 country, accounting for 88 sites of
program implementation across all included studies [76,86].
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Program Design: Group Programs, Co-design, and
Guiding Theories
The programs primarily targeted only patients (76/83, 92%).
Fewer programs were for patients and carers (7/83, 8%) and
included 2 programs for cancer management [43,44], 1
telemonitoring program for CVD [56], 1 rehabilitation program
for acquired brain injury [61], 1 pediatric asthma management
program [64,65], 1 coping skills training program for COPD
[78], and 1 self-management program for psychological distress
[133].

Of the 83 programs, 16 (19%) were either delivered to groups
of participants or included a component that involved groups
of participants. Of these 16 programs, 5 (31%) targeted diabetes
education, self-management, and behavior change coaching
[101,102,108,116,125]; 4 (25%) programs were CVD
rehabilitation (secondary prevention) or counseling programs
[46,47,52,53,55,57]; 4 (25%) addressed risk factors for chronic
disease through education and behavior change coaching
[131,132,136,141]; 1 (6%) involved group cognitive behavioral
therapy (CBT) for participants experiencing insomnia [66]; 1
(6%) involved pharmacist-led group education for hepatitis C
[73]; and 1 (6%) involved group education for osteoarthritis
[70].

No studies included strategies to facilitate the sharing of
consumer lived experience and peer interaction in group
ICT-delivered programs. A qualitative study evaluating 1 group
program (CVD rehabilitation program) reported that participants
engaged in group sessions but did not provide information
regarding participants’ experiences [46]. There was limited
information of any co-design processes used with consumers
or participants to develop programs. Only 2 studies investigating
2 different programs mentioned collaboration with consumers
or community organizations to develop interventions; however,
no detail about the collaboration was provided [70,119].

None of the studies used specific andragogical or pedagogical
principles to inform the delivery of ICT programs to adult or
child participants. A total of 12 citations referred explicitly to
health behavior theories that informed program development
or delivery. Constructs of social cognitive theory (SCT) were
used to inform a diabetes self-management support program
(Health Education Access Through Information Technology
and Utilization Program) [123], a diabetes telemedicine program
[111], a pedometer-based intervention for the secondary
prevention of CVD [50], a telephone-based Living Well with
Diabetes program [104], a telephone-based symptom
management program for people with lung cancer and their
carers [76], and a telephone-based health coaching program for
the secondary prevention of CVD [58,59]. Strategies were
implemented to optimize program participation and adherence
by promoting SCT constructs (eg, self-efficacy). Examples of
strategies included supporting participants to engage in goal
setting (eg, related to physical activity) [50], encouraging
participants to seek support and rewarding achievements [104],
and equipping participants with skills (through cognitive
restructuring, problem solving, or self-soothing) to enhance
self-efficacy [76].

Other theories included self-determination theory, which
informed the development of a telephone-based coaching
program targeting physical activity and quality of life for
inactive adults through self-management [132]. Using
self-determination theory as a conceptual framework, the
program integrated motivational interviewing and CBT
approaches to coaching [132]. The chronic care model developed
by Wagner et al [145] and the transtheoretical model [146] were
also used to guide a diabetes self-management education
program [119], enabling self-management education and
management goals to be provided and set specifically for the
stage of change participants were at. The transtheoretical model
was also used to inform the content and delivery of pediatric
asthma management programs delivered to children and their
carers [64,65] and a telehealth diabetes self-management
program, along with the health belief model [102].

Research Evidence: Study Designs, Findings, and
Limitations
Heterogeneity was evident in the research design of included
citations (n=99) when evaluating the effectiveness, feasibility,
or acceptability of the included programs (n=83; Table S6 in
Multimedia Appendix 1). Most studies used a randomized
controlled trial (RCT) design (58/99, 59%), followed by a single
cohort study design (12/99, 12%), a cohort study with 2 or more
groups (7/99, 7%), a qualitative design (5/99, 5%), an economic
evaluation of an RCT (4/99, 4%), a mixed methods study design
(3/99, 3%), or a survey design (2/99, 2%). The remaining
citations used other non-RCTs or experimental study designs
(8/99, 8%).

Primary and secondary outcomes, and approaches to measuring
outcomes (eg, use of validated questionnaires or devices) varied
between studies and conditions (Table S6 in Multimedia
Appendix 1). For RCTs, the reported effect was categorized as
positive (ICT intervention was effective or more effective than
control), neutral (effects were equivalent to control), or negative
(ICT intervention was not effective or less effective than control)
where appropriate, to provide an indication of the effectiveness
of programs using ICT platforms. Of the 58 studies able to be
categorized, 30 (52%) reported positive effects on the primary
and secondary outcomes attributed to the ICT intervention,
when compared with the control group, whereas 28 (48%)
studies reported a neutral effect. No RCTs reported that
outcomes were worse in the ICT intervention group than in the
control group. Owing to the heterogeneity of primary and
secondary outcome measures and program design, the most
frequently reported outcome measures for condition groups
used in RCTs are reported in Table 2, with the effects
categorized. From the studies included in this table, there was
consistency in the findings of RCTs of COPD programs
reporting on health service use outcome measures. The effect
of programs on the rate of hospitalization of the ICT intervention
and control groups were found to be neutral. However, for RCTs
of programs using clinical, anthropometric, or physical activity
outcome measures, there was a mix of positive and neutral
effects. The length of the final follow-up periods in RCTs ranged
from 6 weeks to 5 years (with a median follow-up period of 12,
IQR 6-15 months).
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Table 2. Most frequently reported primary outcome measures in included RCTsa.

Reported effect and resultsStudy

Outcome measure: HbA 1c
b (diabetes programs)

Neutral: Program did not achieve a clinically significant reduction in HbA1c.Baron et al [94]

Neutral: At 18-months follow-up, the effect on HbA1c did not differ between the intervention and control (mean difference
0.2, 95%CI −0.2 to 0.2; P=.84).

Blackberry et al [96]

Positive: Both groups received tele-education at different time points (delayed access [control] and immediate access
[study group]) and demonstrated an overall significant impact of tele-education on HbA1c reduction (−0.5% control and
−0.4% study group, respectively).

Buysse et al [97]

Positive: Patients enrolled in intervention were 4.58 times more likely to achieve an HbA1c target <7%.Carter et al [98]

Positive: At 6 months, mean HbA1c was lower in the intervention group than in the control group (8.41 vs 9.10, respec-
tively).

Charpentier et al [99]

Positive: A significant reduction in HbA1c was found in the intervention group, compared with usual care (9.4 to 8.2 in
the intervention group, compared with 8.8 to 8.6 in usual care).

Davis et al [102]

Positive: Significant reduction in HbA1c in the intervention group at 3 and 6 months, when compared with that in the
control group.

Fountoulakis et al
[107]

Positive: The intervention group had a statistically significant difference of 0.41 percentage points at 6 months when
compared with the control group.

Greenwood et al [108]

Positive: Average HbA1c reduced by 1.7% in the intervention group, compared with 0.3% in the control group.Klingeman et al [117]

Neutral: No statistically significant differences between the intervention and control groups at 18 months.Sood et al [124]

Positive: The intervention group experienced a greater mean change in adjusted HbA1c than the controls between baseline
and 12 months; however, this was not sustained.

Varney et al [127]

Neutral: Participants in the intervention group experienced decreased HbA1c during the 6-month intervention period
when compared with the control group; however, 6 months after the intervention was withdrawn, the intervention groups
were comparable with the control group.

Wakefield et al [129]

Positive: Intervention was associated with improved HbA1c over 5 years, when compared with control.Weinstock et al [113]

Positive: Clinically and statistically significant improvements were observed in the intervention group at 9 months, when
compared with the control group.

Wild et al [110]

Outcome measure: rate of hospitalization (COPDc programs)

Neutral: No significant difference between the intervention and control groups at 12 months.Antoniades et al [75]

Neutral: No significant difference between the intervention and control groups up to 4.4 years follow-upBlumenthal et al [78]

Neutral: No significant difference between the intervention and control groups at 12 months.Fairbrother et al [84]

Neutral: No significant difference between the intervention and control groups at 12 months.Pinnock et al [85]

Neutral: No significant difference between the intervention and control groups at 12 months.Kessler et al [86]

Neutral: No significant difference between the intervention and control groups at 2 months.Tabak et al [89]

Outcome measure: PAd or capacity (cardiovascular disease programs)

Positive: Intervention group participants who received support from a health professional through an internet-based
platform had a greater increase in maximal time on the treadmill by 45.7 seconds (95% CI 1.04-90.48) compared with
the usual care group over the 16 months (P=.045).

Lear et al [47]

Positive: After the 6-week intervention, improvements in total PA time, total PA sessions, walking time, and walking
sessions were all significantly greater in the intervention group who received telephone support than in the control who
received 2 education pamphlets and no support via telephone.

Furber et al [50]

Neutral: No significant difference between the PA of participants in the intervention and control groups at 6 months
follow-up.

Hawkes et al [59]

Neutral: No difference was found between the PA of participants receiving the telerehabilitation intervention when
compared with the control group who received center-based care, and it was less costly than center-based heart failure
rehabilitation.

Hwang et al [52,53]

Positive: More telehealth participants than control participants reported adherence to exercise and diet after treatment at
a 6-month follow-up.

Nolan et al [57]
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Reported effect and resultsStudy

Outcome measure: weight loss or prevention of weight gained (risk factors for chronic disease programs)

Positive: Compared with those receiving usual care, women in the lifestyle intervention had reduced weekly rate of
gestational weight gain (mean 0.26 vs 0.32 kg/week).

Ferrara et al [135]

Neutral: Face to-face or web-based delivery of intensive self-management program was no more effective than the once
off provision of educational materials and were more costly.

Padwal et al [138]

Positive: Mean percent weight loss at 2-year follow-up was higher for the conference call group than for the individual
call group (−5.6% compared with −1.8%).

Weinstock et al [141]

aRCT: randomized controlled trial.
bHbA1c: glycated hemoglobin A1c.
cCOPD: chronic obstructive pulmonary disease.
dPA: physical activity.

Of the 7 studies using qualitative inquiry (including mixed
methods studies using qualitative inquiry), 3 (43%) studies
examined the attitudes of participants (a videoconferencing
education workshop for inflammatory arthritis, a COPD
telemonitoring program, and a telemonitoring program for
diabetes) [71,88,109], 2 (29%) examined perceptions of a T2DM
smartphone app [118,121], 1 (14%) measured the patient
experience of being involved in a web-based cardiac
rehabilitation program [46], and 1 (14%) examined the
perceptions of both patients and health professionals involved
with a COPD telemonitoring service [83]. Themes varied but
generally related to the accessibility of ICT programs [46] and
general participant satisfaction [88]. A study also reported no
difference in feedback obtained from participants who attended
an in-person program compared with those who attended
videoconferencing [71]. Another study reported limitations of
using ICT platforms, including frustration with using
smartphones [118], whereas other studies reported that
technology was acceptable [83,88,109,121].

Studies providing an economic evaluation of an ICT-delivered
program, in conjunction with either an RCT [49,52,54,132] or
a case-control study [51], supported the potential for the
cost-effectiveness of ICT-delivered programs when compared
with in-person programs. When examining telerehabilitation
for CVD, Hwang et al [52] found the intervention to be as
effective and less costly than center-based rehabilitation. Ho et
al [51] reported that a telehealth program for CVD was more
cost-effective and more likely to prevent hospitalizations than
usual care. However, a telemonitoring program for CVD was
reportedly not cost-effective because the intervention had higher
costs (including equipment costs) than usual care, and no
significant difference was found in quality-adjusted life years
[54].

Research limitations frequently reported included high attrition
rates, small sample sizes (or not statistically powered for
outcome measures), and limited external validity. The total
attrition rates of RCTs ranged from 1% to 63%, with a median
attrition rate of 18% (IQR 10%-25%). Difficulty in recruiting
participants was also reported by some researchers. An RCT
conducted a survey of why participants declined to participate
in the trial and found personal reasons and concerns with
technology were frequently cited by respondents [54].

Discussion

Principal Findings
This review provides a broad overview of research examining
ICT-delivered programs implemented in the community health
setting in 19 countries, providing a sample of programs from
24% (19/80) of OECD HIC [144]. The highest proportion of
included ICT-delivered programs was implemented in the United
States, the country with the highest financial investment in
health care (16.9% of gross domestic product in 2018) [147]
and a growing investment in digital health [148]. Although this
review was limited to programs implemented by OECD HIC,
other studies have identified a surge in ICT programs and
innovations in low- and middle-income countries [149-151].
Because of the COVID-19 pandemic, it is anticipated that
ICT-delivered health programs and innovations will continue
to increase as global health care systems are transformed [152].

Included programs and citations were diverse, addressing a
range of chronic diseases and risk factors, using a variety of
ICT platforms delivered by different health professionals across
different community health settings. Programs mostly targeted
highly prevalent chronic diseases and risk factors, such as CVD,
COPD, diabetes, and obesity or being overweight [153,154],
and were delivered in the outpatient hospital setting. The need
to facilitate a greater adoption of ICT in other community health
settings (eg, primary care practices) has been identified by other
international research and is supported by the review findings
[155]. Furthermore, there were few self-management and
education programs addressing cancer and mental health
conditions, other chronic diseases that pose a significant burden
on global populations [153]. During the COVID-19 pandemic,
the need for improved accessibility to mental health programs
has also been identified [156]. There were also few programs
implemented for patients and carers. There is an increasing
focus on the importance of carer engagement, particularly for
dementia care [157] and mental health [158], and research
around the role of ICT programs in supporting carers [159].

A high proportion of programs were delivered using the
telephone, internet, and telemonitoring. With a surge in the use
of mobile health technologies through smartphone apps and
other innovations (eg, activity monitoring devices), this finding
suggests that the telephone remains an important ICT platform
for improving patient accessibility to health professionals,
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particularly for self-management and behavior change coaching.
This is evident by the use of telehealth during COVID-19 in
countries such as Australia, where telephone consultations have
had a higher uptake in primary care settings compared with
videoconferencing delivered via web-based platforms [160].
The usefulness of videoconferencing for delivering group
education, behavior change coaching, and self-management
programs is also indicated by the review findings. Although
this review reports little about the acceptability of ICT-delivered
group programs and strategies to facilitate peer interaction, other
reviews have found that group programs delivered through
videoconferencing have been acceptable and feasible to
participants [161]. Future research needs to examine how to
facilitate group interaction in ICT programs [162].

Although the included studies had a range of research designs
(a finding of another systematic review examining emergent
eHealth interventions [163]), the findings from this review
supported the effectiveness of nurse-led ICT programs in
improving pain associated with cancer [43], improving
quality-of-life outcomes and reducing hospital admissions for
patients with CVD [56], improving health outcomes for patients
with CVD [58,59], and improving quality of life in carers of
children with asthma [64,65]. Findings also indicated the
effectiveness of ICT-delivered programs by allied health
professionals, including a telenutrition program delivered by
dietitians [60] and a chronic pain program delivered by
physiotherapists [91]. The results from included RCTs
comparing participant outcomes of an ICT program to a control
group (receiving mostly in-person care) were either equivalent
or better for ICT programs. Other reviews examining ICT
interventions, such as nurse and allied health, delivered
telehealth interventions [164], and electronic CBT [165], also
concluded that delivering health interventions through ICT
platforms does not lead to poorer health outcomes for patients.

Substantial gaps in research evidence relating to ICT programs
delivered in the community health setting by health professionals
were identified. There were few co-designed ICT programs (and
no documentation of co-design processes) and no reference to
specific pedagogical or andragogical educational principles
guiding program delivery—gaps identified by other reviews
[166,167]. Engaging stakeholders in program development
through co-design processes is thought to create programs that
are more useful and acceptable to end users [168]. Some
programs were developed or guided by theories; however,
further research is required to examine whether using theories
(eg, SCT) to develop and guide programs results in better

outcomes for participants [169]. Few studies have examined
participant acceptability, experience, and perceptions of ICT
programs through qualitative inquiry. However, qualitative
findings resonate with other reviews that have found that
participants are generally satisfied with telehealth [170].
Findings indicate that there is a need for greater consumer
engagement in the process of developing ICT programs and
evaluating effectiveness [171]. There is also a need for more
economic evaluations of ICT programs delivered in the
community health setting, which is also lacking in broader health
services research [172,173].

Engaging with health professionals to understand knowledge
gaps regarding community health ICT program delivery during
COVID-19 and codevelopment of the scoping review question,
objectives, and inclusion and exclusion criteria are strengths of
this review. A summary of review findings was rapidly
disseminated to health professionals involved, and findings
were discussed during a short webinar. The limitations of the
review include only a brief search of international gray literature
due to the need to rapidly disseminate findings to health
professionals. Undertaking a more thorough search of the
international gray literature could have minimized publication
bias. There is potential that relevant citations were not included
in the review owing to this constraint. Despite this, every effort
was made to review the reference lists of included citations for
additional studies. Studies published in a language other than
English were not captured by this review owing to resource
constraints.

Conclusions
This review identified heterogeneity in available evidence
examining ICT-delivered programs in community health settings
in HIC. There is promising evidence for the effectiveness of
nurse and allied health delivered ICT programs. From RCTs,
outcomes for participants receiving ICT programs, compared
with those receiving in-person programs, were either equivalent
or better. Gaps identified included a paucity of co-designed
programs; qualitative research relating to consumer
acceptability, experience, and interactions in group programs;
and cost-effectiveness of ICT programs and programs targeting
patients and carers. It is expected that because of COVID-19,
there will be a surge in the innovation, development, and
evaluation of community health programs delivered using ICT
platforms, providing an opportunity for health professionals
and researchers to build on existing knowledge and address
evidence gaps.
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Abstract

Background: To address the matter of limited resources for treating individuals with mental disorders, e–mental health has
gained interest in recent years. More specifically, mobile health (mHealth) apps have been suggested as electronic mental health
interventions accompanied by cognitive behavioral therapy (CBT).

Objective: This study aims to identify the therapeutic aspects of CBT that have been implemented in existing mHealth apps
and the technologies used. From these, we aim to derive research gaps that should be addressed in the future.

Methods: Three databases were screened for studies on mHealth apps in the context of mental disorders that implement techniques
of CBT: PubMed, IEEE Xplore, and ACM Digital Library. The studies were independently selected by 2 reviewers, who then
extracted data from the included studies. Data on CBT techniques and their technical implementation in mHealth apps were
synthesized narratively.

Results: Of the 530 retrieved citations, 34 (6.4%) studies were included in this review. mHealth apps for CBT exploit two
groups of technologies: technologies that implement CBT techniques for cognitive restructuring, behavioral activation, and
problem solving (exposure is not yet realized in mHealth apps) and technologies that aim to increase user experience, adherence,
and engagement. The synergy of these technologies enables patients to self-manage and self-monitor their mental state and access
relevant information on their mental illness, which helps them cope with mental health problems and allows self-treatment.

Conclusions: There are CBT techniques that can be implemented in mHealth apps. Additional research is needed on the efficacy
of the mHealth interventions and their side effects, including inequalities because of the digital divide, addictive internet behavior,
lack of trust in mHealth, anonymity issues, risks and biases for user groups and social contexts, and ethical implications. Further
research is also required to integrate and test psychological theories to improve the impact of mHealth and adherence to the
e–mental health interventions.

(J Med Internet Res 2022;24(3):e27791)   doi:10.2196/27791

KEYWORDS

cognitive behavioral therapy; mHealth; e–mental health; chatbot; mobile phone

Introduction

Background
Mental disorders, including depressive and anxiety disorders,
affect 29% of the global population in their lives [1]. Apart from
the fact that mental disorders have an impact on people’s quality
of life, they are one of the most common causes of occupational

disability [2], resulting in high economic costs. The negative
social aspects experienced by individuals with mental disorders
include the inability to create and maintain lasting relationships
and the stigmatization in society. These factors hamper
individuals’ capacity to act and lead a self-determined life as
members of society, discourage them from seeking professional
help, and possibly reinforce the characteristics of mental
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disorders [3]. Mental disorders are usually treated using
pharmacotherapy or psychotherapy [4]. However, there is a
global shortage of mental health professionals as demand
exceeds service provision. There are 9 psychiatrists per 100,000
people available in high-income countries [5], whereas there is
1 psychiatrist for every 10 million people in low-income
countries [6]. In Europe, a comparative study between Finland
and Spain—both with a similar prevalence of mental health
disorders—showed a significant difference in the number of
available staff resources. In Finland, for example, 13
psychologists were available per 100,000 inhabitants, whereas
in Spain, only 2.9 psychologists were available per 100,000
inhabitants [7]. According to the World Health Organization
(WHO), approximately 45% of people in high-income countries
and 15% of people in low-income countries can access mental
health services [8]. Leaving people with untreated mental
disorders may increase suicide attempts and mortality [9]. Even
if treated, approximately 98% of patients’ change processes
induced by therapy occur outside of therapy sessions in their
daily lives. Therefore, there is a need to provide support and
self-help between therapy sessions, which increases the
availability of cognitive behavioral therapy (CBT) to larger
populations.

To address the issue of limited resources for treating individuals
with mental disorders, e–mental health has gained interest in
recent years, particularly for behavior change using elements
of CBT and self-help (eg, MoodGym [10]). e–mental health is
defined as “mental health services and information delivered
or enhanced through the Internet and related technologies.”
[11]. Numerous studies have shown that e–mental health
interventions are comparable in effectiveness to traditional
face-to-face psychotherapy [12,13], thus providing a possible
solution for people who do not have access to face-to-face
therapy. e–Mental health enables users to learn more about their
mental health condition through self-help services; it empowers
them to strengthen their self-management and improve their
health, sometimes including peer-to-peer support [14]. e–Mental
health, realized as mobile health (mHealth) apps, aims to expand
the availability and quality of mental health treatment. mHealth
apps often ask users to enter data for reflection and awareness
and provide relevant information depending on user input.
Sometimes, they also collect data from wearables. The number
of apps addressing mental health has rapidly increased in recent
years [15,16]. Details on the technical implementation of
mHealth apps are rarely described in scientific papers [17],
although implementation is of utmost importance to enable
patient agency and facilitate self-therapy practices. This study
aims to investigate which CBT techniques are implemented by
which technologies in mHealth apps and derive the research
gaps.

CBT and mHealth Apps
CBT is an “active, problem-focused, and time-sensitive approach
to treatment that aims to reduce emotional distress and increase
adaptive behavior in patients with a host of mental health and

adjustment problems” [15,18]. There are four fundamental
techniques of psychotherapy used in CBT: cognitive
restructuring, behavioral activation, exposure, and problem
solving [15,18]. In cognitive restructuring, therapists support
patients in recognizing, evaluating, and modifying maladaptive
or unhelpful thinking. Behavioral activation helps patients to
actively re-engage in their lives. Exposure comprises systematic
contact with a feared stimulus, whereas problem solving aims
to help patients identify and implement solutions to their
problems. We based our work on the implementation of CBT
in mHealth apps on these 4 fundamental techniques of
psychotherapy.

The efficacy of CBT has been demonstrated in multiple forms
of psychopathology, including anxiety disorders, depression,
and eating disorders [19]. Efficacy in the context of this study
means that the effectiveness of an intervention can be
demonstrated. mHealth apps provide options for practices, which
were formerly elements of therapist–patient interaction; thus,
this provides momentum for new routines and social forms [20]
of coping with mental health problems.

In this study, we aim to assess which technologies are used in
mHealth apps to implement the CBT technique. More
specifically, we seek to answer the following research questions:
for which mental illnesses have CBT-based apps been in use
or tested, which CBT techniques are implemented in mHealth
apps, which technologies are used to implement CBT techniques
in mHealth apps, and which research gaps exist in mHealth apps
for realizing CBT?

Methods

Overview
We answered our research questions using a literature search
and review. We studied which of the 4 fundamental CBT
techniques (cognitive restructuring, problem solving, behavioral
activation, and exposure) have been implemented in mHealth
apps. Furthermore, we investigated the technologies used for
their implementation.

Search Strategy
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) criteria guided the conduct and
reporting of our literature search [21]; for the PRISMA checklist,
refer to Multimedia Appendix 1. The search was conducted
between June 6 and June 13, 2020, considering all articles
published during the period of 2007 to 2020, as the first iPhone
was launched in 2007, establishing the technological basis for
mobile apps. A total of 3 databases were consulted to find the
relevant papers. Papers included in PubMed were retrieved
using the search string described in Textbox 1. As we were also
interested in the technical aspects of CBT in mHealth apps, we
additionally searched the libraries of IEEE Xplore and ACM
Digital Library (Textbox 1).
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Textbox 1. Search strings used for database search.

Search strings used to search PubMed

• Cognitive behavioral therapy AND mental health AND (telemedicine ORmobile health OR mhealth OR smartphone) NOT (internet delivered
OR internet-delivered): 287 results with abstract

Search strings used to search IEEE Xplore

• Cognitive behavioral therapy: 65 results

Search strings used to search ACM Digital Library

• Query: (Abstract: cognitive behavioral therapy AND mental health) AND (Abstract: mobile health OR mhealth OR smartphone); Filter: (Article
type: Research Article, Publication date: [1/1/2007 TO *], ACM content: DL): 178 results

Inclusion and Exclusion Criteria
Articles were included in this review if they were dealing with
CBT and mHealth apps, they were primary studies reporting
results, and adults (aged >18 years) were the target population.

Articles were excluded if the target populations for interventions
were military veterans, children, or adolescents. These target
groups differ from the general public. Military veterans have a
significantly higher prevalence of posttraumatic stress disorder
than the average population [22] and often receive care in
specialized institutions. On the other hand, digital resources for
children or adolescents need to address specific cognitive and
developmental issues [23] and cannot be directly compared with
apps for adults. Therefore, we decided to exclude apps that
explicitly targeted these groups from this review. Furthermore,
all papers dealing only with web-based interventions and those
describing only the study protocol without the final results were
excluded.

Eligibility and Data Extraction
To assess the eligibility of the articles, all titles and abstracts
were examined by 2 independent reviewers (KD and SN) in the
first round. In the second round, the full texts of the selected
articles were extracted and carefully analyzed to confirm their
eligibility. Eligibility doubts were discussed until an agreement
was reached. The selected articles were included in the
qualitative synthesis.

Two reviewers (KD, NS) extracted data from the selected studies
regarding CBT techniques, technologies implemented in the
mHealth app, type of mHealth app, considered medical
conditions, and outcome. With CBT techniques, we referred to
the 4 fundamental techniques of psychotherapy applied within
CBT (cognitive restructuring, behavioral activation, exposure,
and problem solving [15]). With technologies in mHealth apps,
we implied technical means used in the apps for realizing
specific functionalities. More specifically, we assessed the
provision of audio and video content, interactive elements (eg,
communication facilities with humans or computer systems
such as chatbots), social network technologies, gamification,
and automatic analysis facilities (eg, for sentiment or emotion
detection, recommendation, and text analysis). Data were
abstracted into a spreadsheet standardized for this review.
Finally, we derived the research gaps in e–mental health from
the results.

Results

Sample
A total of 530 papers were retrieved by our search, as follows:
287 (54.2%) records in PubMed, 65 (12.3%) in IEEE Xplore,
178 (33.6%) in ACM Digital Library, and no duplicates. Of
these 530 papers, 34 (6.4%) papers met the inclusion criteria
and were, therefore, included in the qualitative synthesis (see
the flowchart of the selection procedure in Figure 1). Papers
were excluded during eligibility screening and data extraction
if they described only mock-ups or no apps.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the selection procedure.

Characteristics of Studies
Most papers (21/34, 62%) reported randomized controlled trials
(RCTs) in which ≥1 mental health app was tested (Multimedia
Appendix 2). The remaining papers used different study designs.
Of the 34 papers, 4 (12%) only assessed usability through
surveys. For RCTs, the number of involved participants varied
between 30 and 1098, with an average of 333. The studies
designed as surveys involved an average of 135 participants.
We found the largest number of participants (n=3977) in an
observational study [24]. This study did not recruit participants
explicitly but analyzed the use protocols of the app under
consideration. It remains unclear whether these protocols
originated from people with diagnosed mental health problems.

Most studies considered usability [25,26], user satisfaction,
acceptance [24], adherence [27], or engagement as outcome
measures. RCTs mainly studied efficacy, adherence, or
acceptability compared with a control group. In RCTs, e–mental
health interventions were often compared against each other
instead of comparing the app intervention with standard
face-to-face psychotherapy. For example, the efficacy of a

web-based implementation of the Kokoro app was compared
with that of an app-based intervention [28]. Among other things,
outcome measures included the Patient Health Questionnaire–9
or Emotional Self-awareness Scale [29]. Of the 34 papers, 3
(9%) studied the Kokoro app for depression. In these papers,
the effectiveness of the app-based intervention was reported;
the use of the app reduced the symptoms of depression
[28,30,31].

Mental Health Conditions Covered
Most studies (32/34, 94%) focused their research on a user group
with a specific disorder. We classified the disorders according
to the WHO International Classification of Diseases–10th
revision (version 2019) coding system (Table 1). Most studies
(16/34, 47%) used apps that offered support for persons with
depression. Furthermore, there was a wide range of apps that
targeted anxiety disorders; addiction problems; and psychiatric
disorders such as schizophrenia, bipolar disorders, or suicidal
tendencies. These disorders are often treated by CBT, which
can be realized in an mHealth app in contrast to other types of
therapies.
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Table 1. Health conditions examined in the studies (N=34).

Total, n (%)WHOa ICD-10b codeHealth condition

1 (3)F12.1Drug addiction—cannabis

1 (3)F40.0Agoraphobia

1 (3)F60.3Borderline personality

16 (47)F32Depression

2 (6)F50Eating disorder

1 (3)G47Insomnia

2 (6)F29Psychosis

1 (3)F20, F25, and F31Schizophrenia, schizoaffective, or bipolar 1

3 (9)Z72.0Smoking

3 (9)F99Stress

1 (3)R45.8Suicidality

2 (6)N/AcUnknown

aWHO: World Health Organization.
bICD-10: International Classification of Diseases–10th revision.
cN/A: not applicable.

CBT Techniques in mHealth Apps
Apps may have integrated techniques to address different
purposes. We classified the main purposes of the apps as
informational, coach, or therapy. An app was considered
informational when it mainly provided information to the user,
for example, on mental health. Apps were classified as coaches
when suggestions were tailored to the user and their specific
mental health condition or when support in managing a mental
illness was delivered. As therapeutic apps, we grouped apps
that delivered CBT with the aim of creating a therapeutic setting.

We could not identify any apps that were only informational.
Most apps provided information but had additional
functionalities that led to their classification as coach or therapy.
Most (20/34, 59%) apps could be considered as coaches in
mental health. Of the 34 apps, 13 (38%) were classified as
therapy; for 1 (3%) app, this classification was not applicable.
We concluded that CBT-based mHealth apps go beyond patient
education. They support and extend their self-help capabilities.

We identified in the included papers 3 of the 4 fundamental
techniques of psychotherapy applied in CBT (cognitive
restructuring, behavioral activation, exposure, and problem
solving [15]; Multimedia Appendix 3 [24-27,29,30,32-50]).
mHealth apps provided toolkits for cognitive restructuring,
which included diary-keeping functionalities and support in
changing thoughts or tensions. Behavioral activation was
realized by providing information on mental health conditions
by tracking activities or setting goals. Assigning homework to
patients, which is the best practice as a problem-solving
technique [15], was realized in many apps (20/34, 59%) by
providing exercises and activities as strategies to cope with
mental health problems. Direct communication with a therapist,
which is not a CBT technique itself but helps in standard setting
for delivering CBT, was enabled by 6% (2/34) of the apps
included in the review.

Technologies in mHealth Apps for Implementing CBT
When developing mHealth apps for CBT, it is important to
know which technologies are useful and efficient for
implementing different CBT techniques. Interactive elements
were included in 35% (12/34) of apps to realize behavioral
activation and cognitive restructuring. Among other things, we
could identify the following interactive elements: automatic
question answering functionalities, message exchange with the
treatment team, a virtual character that provided information or
explanations, personalization, and persuasion methods
(Multimedia Appendix 4 [24-28,31-37,40-46,50-54]). Of the
34 apps, 3 (8%) provided a conversational agent or chatbot with
which the user could communicate. Chatbot technology was
used to support cognitive restructuring. Methods for automatic
analysis of free textual input (natural language processing) and
machine learning methods (eg, text classification or clustering)
were used to understand user input or personalize
recommendations according to user input. However, these
methods are still rarely used (3/34, 9% papers). Audio and video
were used to provide information or demonstrate exercises such
as meditation exercises (ie, support behavioral activation and
problem solving). Few apps calculated scores such as sentiment
or emotion scores that were shown on a timeline. Sentiment or
emotion scores quantify the sentiment or emotion of a user (eg,
positive and negative sentiment or the strength of an emotion
such as sadness). The following two technologies were
integrated into some apps that aimed to improve the user
experience and adherence: gamification and social networks.
Social aspects were integrated, enabling the user to connect
with other users. This social community aspect was interesting
in the context of depression but also in other mental diseases,
where people often experience loneliness and a lack of social
contact. Gamification and social networks integrated into these
apps did not aim to deliver CBT but, more importantly, aimed
to increase the adherence and attractiveness of using the apps
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[32,51]. Gamification such as collecting jigsaws was used in
24% (8/34) of apps, and audio or video content was provided
by 21% (7/34) of apps. Approximately 15% (5/34) of apps
enabled connections with social networks and communities.

Discussion

Principal Findings

Overview
The main finding of this review is that mHealth apps for CBT
exploit two groups of technologies: (1) technologies that
implement concrete CBT techniques for cognitive restructuring,
behavioral activation, and problem solving and (2) technologies
that aim to increase user experience, adherence, and engagement.
The latter tries to address the current challenge in delivering
CBT, which is insufficient adherence to CBT techniques [55].
A CBT technique that we did not find implemented was
exposure. There is a broad range of technologies used in
mHealth apps to deliver CBT; however, no technology was
used in all apps. However, a trend toward the use of interactive
elements, gamification technologies, and technologies
supporting social activities could be recognized. No app was
purely informational; however, most could be classified as
coaches and a few as therapeutic. There have been attempts to
deliver therapy through such apps [33-35,52]. Most apps target
patients with disorders that are often treated with CBT, such as
depression; anxiety disorders; addiction problems; and
psychiatric disorders such as schizophrenia, bipolar disorders,
or suicidal tendencies.

Mental Illnesses for Which CBT-Based Apps Have Been
Used or Tested
Depression was reported most often in the assessed studies.
Depressive disorders are widespread in all countries and
comorbid with other mental diseases. According to the WHO,
>264 million people of all ages experience depression
worldwide. Thus, the target user group is huge. Depression is
a leading cause of disability worldwide and a major contributor
to the overall global burden of disease. There seems to be a
burden of being able to deliver support to those people, and
mental health apps are obviously comprehensively tested to fill
this gap. Although our review did not deliver much evidence
on the efficacy of mHealth apps in the mental health context,
Khademian et al [56] found that mHealth apps that provide
behavior change strategies, such as CBT and techniques for
behavioral activation, have significant effects on depression,
anxiety, and stress.

Psychiatric diseases such as psychosis or schizophrenia were
also targeted. A challenge with psychiatric diseases is that
critical situations can occur where professional reactions are
essential (eg, to prevent a suicide attempt [57]). mHealth apps
that deliver predefined content cannot react individually to
various situations or specific user needs. There is a need for
mHealth apps without undesired side effects; that is, those able
to respond appropriately in situations of crisis [17].

CBT Techniques Implemented in mHealth Apps
We found that some methods used in standard CBT were
implemented in mHealth apps. Sometimes, it was simply a
digitization of the existing technique; however, there were cases
where mHealth apps offered some benefits compared with the
traditional therapy setting. Thought records or coping cards are
methods used within standard CBT to achieve cognitive
restructuring [15]. These methods are often provided in mHealth
apps, for example, by supporting the keeping of diaries.

Scheduling and monitoring activities are the central components
of behavioral activation in CBT [58]. Behavioral activation
recommends planning activities in the evening before or in the
early morning. As therapy sessions are spread across weeks and
planning tasks are conducted with the therapist, day-to-day
planning is not practiced in traditional therapy settings. With
the use of mHealth technologies, daily planning and engagement
can be supported, and personalized recommendations can be
made [36]. Furthermore, increasing patients’confidence in their
ability to cope with stress and adversity and their overall coping
skills is a major factor in mHealth apps contributing to the
effects on mental health [29].

Information provision as a means of behavioral activation is
another important aspect realized in many apps. This task
includes teaching patients the basics of their mental health
condition and CBT techniques. Morriss et al [59,60] have shown
that knowledge and understanding of the medical condition are
effective in supporting the everyday coping of patients with
mental illness and can foster compliance of patients to the health
intervention. Furthermore, patients become more competent in
making decisions related to their health through information
provision [61]. As providing information is a repetitive task for
health care providers, an app providing information and teaching
patients on the basics of mental health could save time for health
care providers. Furthermore, the patient can read the information
several times. However, studies show that e–mental health apps
often contain incorrect information [62] and are not necessarily
evidence based.

Assigning homework to patients is the best practice as a problem
solving technique [15]. This aspect of CBT, which is available
in many apps, is realized by providing exercises and activities.
Exposure (imaginal exposure and interoceptive exposure [15])
is a CBT technique that was not represented at all in mental
health apps included in our review. However, recent research
has exploited virtual reality for realizing exposure apps; for
example, to reduce the fear of heights [63]. It is obvious that
there is still potential for developing and testing mHealth apps
that target exposure techniques.

In conclusion, mental health apps that provide CBT support the
performing of repetitive tasks such as keeping a diary or
exercising, which are essential tasks and techniques within CBT
for cognitive restructuring, behavioral activation, and problem
solving [15]. Although these tasks must be realized by patients
as part of their standard therapy, even without mHealth support,
their digitization in mHealth apps can increase adherence, user
engagement, and retention or facilitate learning [64]. A mobile
app is available 24 hours a day. Thus, monitoring and tracking
can be performed at any time and at any place. Records in the
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app cannot get lost as paper-based records do. Reminders can
be sent to the user on a regular basis to ensure that records are
made or activities come into the user’s mind [37].

Technologies Used to Implement CBT in mHealth Apps
Most apps often present information using videos or audio, or
they collect data on activities from a user for behavioral
activation. Social aspects are integrated, enabling the user to
connect with other users. This social community aspect is
interesting not only in the context of depression but also other
mental diseases, where people often experience loneliness and
a lack of social contact. Gamification and social networks
integrated in these apps do not aim to deliver CBT but, more
importantly, aim to increase the adherence and attractiveness
of using these apps [37]. Artificial intelligence, including natural
language processing, language understanding, and chatbot
technology, has been rarely used in available apps. A reason
might be that unforeseen errors or reactions can occur when the
system misinterprets the user input, which might be avoided
[65]. Other studies have shown an increased interest in mental
health chatbots [66] or that chatbots are examples of the next
generation of mental health [17]. However, this was not reflected
in our review. Another reason for the limited inclusion of
artificial intelligence in mental health apps may be related to
medical device regulation, which requires traceability and
increases the demand on the development process.

Research Gaps That Exist in mHealth Apps for Realizing
CBT
After scoping the landscape of mHealth apps that implement
CBT, we summarized the open research issues. There is a need
for the following: RCTs studying the efficacy of the single
technologies implemented in mHealth apps for realizing CBT
techniques; studies on the impact on patients’agency, including
trust and overreliance; consideration of psychological theories
during mHealth implementation to increase impact and
adherence; and support in recommending or selecting CBT apps
as health interventions.

Although more than half of the analyzed studies reported on
RCTs, which is the state-of-the-art study design for proving the
efficacy of medical interventions [67], these trials often did not
assess the efficacy of the mHealth intervention. Similar results
have been reported by Bauer et al [68]. For chatbots in clinical
psychology, Bendig et al [17] noted that studies on mental health
chatbots mainly assessed feasibility and acceptance. Studies are
needed to assess which technology is well-suited for
implementing a particular CBT technique, as well as for which
mental disorders are mHealth apps efficient. This will help
derive the best practices for implementing CBT techniques in
mHealth. In this context, it is also important to clarify the role
of mHealth apps; for example, whether they are intended to
accompany the therapy or fill the treatment gap until a therapy
can be started.

We recognize that the impact of mHealth apps on patients’
agency is not explicitly considered in these studies. Agency is
generally viewed as the “capacity to act, produce and anticipate
a desired outcome within a particular context” [69]. In our
context, this means, among other things, that through mental

health apps, patients would begin to manage themselves as
participants with agency exercised on the basis of patient
autonomy [70].

From a technical perspective, we want to achieve good
adherence and frequent use of apps and support this by
integrating features such as gamification to encourage frequent
use. However, there are also concerns about overreliance on
mental health apps, particularly for people who already have
trouble with addictive web-based behavior [71]. The use of
smartphone apps might be problematic, given specific mental
conditions such as anxiety or depression [72]. Studies that assess
this risk of overreliance in long-term use of mHealth apps, as
well as assessments related to trust in mHealth from perspectives
of both patients and therapists, are missing. There are indications
that users think they have even more trust in an mHealth app
when reporting personal issues than in their physician [73].
Anonymity helps overcome thoughts of stigmatization or shame
when describing personal issues [74].

We are also missing implementations of psychological theories
in CBT mental health apps to increase the impact of and
adherence to these technological means. Peters et al [75]
suggested a framework grounded in psychological research that
could help developers of mHealth apps develop apps that
increase motivation and engagement and, in this way, also have
an impact on patients’ well-being.

Recommendation of Apps
Our literature search showed that the underlying clinical
evidence, technical issues, and implementation details are rarely
described in the published research on mental health apps.
Without information on the correctness of the underlying
evidence base and without confirmation of efficacy, it is
challenging for patients to identify the mental health apps that
are suited for them.

Therapists and patients rely on lists of top mental health apps
for their decision-making process, which are not helpful unless
they list their ranking and selection criteria for creating the list.
We checked for 21 apps listed on the mental health app ranking
lists to determine whether there were publications available. A
scientific paper or results from a clinical trial were available for
only 29% (6/21) of the apps. This makes it difficult for users
and health professionals to identify high-quality, evidence-based
apps. It must be ensured that the underlying principles and
delivered contents are evidence based [17,76] to avoid harm to
users, as well as undesired consequences for the users. The
number of downloads from an app store is clearly not an
indicator of high-quality mHealth apps. On the other hand, we
found studies on 28 apps, of which only 16 (57%) were
implemented for the established Android and iOS operating
systems. Of these 16 apps, only 12 (75%) were available in the
stores. This means that apps that have been thoroughly
investigated are not available to a wide range of users.

We conclude that there is a need to enable patients in informed
decision-making when selecting an mHealth app for CBT [77].
We suggest a minimal data set of information on a mental health
app that includes the following items: underlying clinical
evidence and CBT techniques that are integrated; information
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on how CBT techniques are implemented in the app, that is,
which technologies are used and for which purpose; efficacy
from an RCT, if available; intended application areas of the
app; possible contraindications; information on data storage,
data security, and privacy; and the integrated third-party tools.

Standardized evaluation metrics should be developed to ensure
that only high-quality apps are recommended by therapists.
Attempts have been made to harmonize technical metrics for
evaluating health chatbots [78,79]. Existing evaluation
frameworks for mHealth apps target usability [76]. Although
good usability is essential to make sure that users can interact
with the app, it is highly relevant that the app really positively
affects patients and does not harm them.

Strengths and Limitations of Our Presented Research
Work

Strengths
This literature review was conducted to identify the technologies
used in mHealth apps for delivering CBT and identify the
research gaps. To the best of our knowledge, this study is among
the first to summarize these aspects and provide an overview.
This study helps in identifying the opportunities and limitations
of mHealth in supporting CBT. It also shows the potential and
limitations of e–mental health with respect to the self-help
capabilities of patients.

As 2 reviewers independently selected the articles and extracted
the data, selection bias in this review was reduced. There is a
review of Stawarz et al [80] that studies user experience of
CBT-enabling apps [80]. In contrast to their work, we are more
interested in the technical implementation of CBT in mHealth
apps and the research gaps and not only in the features provided
by the apps.

Limitations
The search in this review was restricted to English and German
articles. Accordingly, it is likely that this review missed some
publications. We also missed apps for which no publications
were available. In addition, we restricted the search to papers
that included the terms cognitive behavior therapy or mHealth
or the respective Medical Subject Headings terms. We might
have missed relevant papers that did not explicitly use these

terms but dealt with a relevant topic. Several terms can be
related to mHealth; however, these are too broad to be reviewed
in a reasonable amount of time.

Conclusions
In this paper, we studied the therapeutic aspects of CBT that
are implemented in mHealth apps and the technologies by which
they are integrated into these apps. We conclude that some CBT
techniques (behavioral activation and cognitive restructuring)
can be well-realized in a mental health app, whereas others are
more difficult to implement (problem solving and exposure).
mHealth apps for CBT can support patients through additional
self-help and self-management tools that support specific aspects
of treatment. mHealth apps facilitate the self-competence and
self-management of patients in coping with mental health
problems. Interactive elements, gamification, and integration
of social networks are technologies that increase user
engagement and adherence. In this way, patients are provided
with additional action and interaction capabilities. As they cover
relevant aspects of CBT treatment, mHealth apps can, in
principle, alleviate the issue of a global shortage of mental health
human resources, as they are usually available to millions of
users anytime and anywhere, presuming the users have mobile
devices and internet access. This, in turn, has the potential to
improve the availability and quality of mental health care at
reduced expenses. However, these apps must be evidence based
and reliable to be effective and avoid harm to patients. Further
research is needed on the side effects of mHealth self-help
treatments, such as new inequalities because of the digital divide,
addictive internet behavior, trust in mHealth, anonymity issues,
risk and range of self-help treatments, bias toward user groups
and social contexts, and ethical implications.

The future role of app-based e–mental health still has to be
clarified. Future research should assess integrated care models
where all stakeholders can benefit: the health care provider by
avoiding repetitive tasks and the patient by receiving support
even beyond therapy sessions. In addition, economic value is
relevant for bringing evidence-based apps to users and
supporting clinical care. For obsessive-compulsive disorders,
it has already been shown that computerized CBT delivered as
low-intensity interventions is cost-effective [81].
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Abstract

Background: For eHealth technologies in general and audit and feedback (AF) systems specifically, integrating interdisciplinary
theoretical underpinnings is essential, as it increases the likelihood of achieving desired outcomes by ensuring a fit among eHealth
technology, stakeholders, and their context. In addition, reporting on the development and implementation process of AF systems,
including substantiations of choices, enables the identification of best practices and accumulation of knowledge across studies
but is often not elaborated on in publications.

Objective: This scoping review aims to provide insights into the development and implementation strategies for AF systems
for a real-world problem that threatens modern health care—antimicrobial resistance—and provide an interdisciplinary conceptual
framework that can serve as a checklist and guidance for making informed choices in the development and implementation of
future AF systems.

Methods: A scoping review was conducted by querying PubMed, Scopus, Web of Science, IEEE Xplore Digital Library, and
Embase (≥2010) for studies describing either the development or implementation process, or both, of an AF system for antimicrobial
resistance or infections in hospitals. Studies reporting only on effectiveness or impact were excluded. A total of 3 independent
reviewers performed the study selection, and 2 reviewers constructed the conceptual framework through the axial and selective
coding of often-used theories, models, and frameworks (TMFs) from the literature on AF and eHealth development and
implementation. Subsequently, the conceptual framework was used for the systematic extraction and interpretation of the studies’
descriptions of AF systems and their development and implementation.

Results: The search resulted in 2125 studies that were screened for eligibility, of which 12 (0.56%); 2012-2020) were included.
These studies described the development and implementation processes heterogeneously in terms of study aims, study targets,
target groups, methods, and theoretical underpinnings. Few studies have explicitly explained how choices for the development
and implementation of AF systems were substantiated by the TMFs. The conceptual framework provided insights into what is
reported on the development and implementation process and revealed underreported AF system constructs (eg, AF system design;
engagement with the AF system; and comparison, goal setting, and action planning) and development and implementation (eg,
champions) constructs.

Conclusions: This scoping review showed the current heterogeneous reporting of AF systems and their development and
implementation processes and exemplified how interdisciplinary TMFs can (and should) be balanced in a conceptual framework
to capture relevant AF systems and development and implementation constructs. Thereby, it provides a concrete checklist and
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overall guidance that supports the professionalization and harmonization of AF system development and implementation. For
the development and implementation of future AF systems and other eHealth technologies, researchers and health care workers
should be supported in selecting and integrating TMFs into their development and implementation process and encouraged to
explicitly report on theoretical underpinnings and the substantiation of choices.

(J Med Internet Res 2022;24(3):e33531)   doi:10.2196/33531

KEYWORDS

scoping review; audit and feedback; eHealth; development; implementation; antimicrobial resistance; antibiotic stewardship;
infection control

Introduction

Background
Audit and feedback (AF) is a common reflective approach for
various health care targets; however, the reported effects are
small to moderate [1]. With the increase in electronically
available data in health care, there is great potential for
electronic AF systems [2]. The effectiveness of AF systems
depends on the targeted behavior and the content, delivery, and
context of AF and the system [1,3-6]. These constructs are often
studied after AF system development and implementation to
evaluate strategies and their ingredients for success [7-10]. In
the literature, less attention has been paid to the development
and implementation processes of AF systems [3], as is also
common in the broader field of eHealth [11,12]. The
development process of eHealth can refer to the entire iterative
process of developing an eHealth technology, from predesign
and design to implementation and (summative) evaluation [13].
However, in this study, we focus on the process from predesign
and design (referred to hereafter as development) to
implementation, including formative evaluation cycles. This
allows us to focus on the early stages of implementation and
development that are truly intertwined, as potential
implementation issues (eg, limited eHealth skills) should be
accounted for early in the development process to avoid
well-known pitfalls of stakeholder and context disregard [14].
These phases are entwined by iterative formative evaluation
cycles that provide ongoing information on how to improve
both the eHealth technology and the development process taking
[13].

Development and implementation are essential to gain a
profound understanding of relevant stakeholders, their thinking
and work processes, and their context (including implementation
factors). Without this understanding, a misfit among technology,
context, and people is likely to occur, which decreases the
effectivity and efficiency of eHealth in practice [13]. It is crucial
to consider these constructs from the start of the development
and implementation process to avoid common pitfalls in current
AF, such as top-down expert-driven audits with feedback at the
hospital level rather than personalized, actionable feedback that
supports health care workers (HCWs) in improving the quality
and safety of health care [15,16].

The application of theories, models, and frameworks (TMFs)
is advocated as an integral part of eHealth development and
implementation as it identifies what works for whom, why, how,
and when, likely resulting in eHealth technology that achieves
the desired outcomes [17]. Colquhoun et al [18] and Tuti et al

[2] reported that only 9% (n=140) and 29% (n=7) of the included
studies in their systematic reviews explicitly used theory to
inform AF development and design. Therefore, implicit
assumptions about AF working mechanisms and effective AF
systems have driven AF development. Although these
assumptions might hold true, they were not informed by theory
[18,19], whereas there is a clear link between TMFs and eHealth
intervention effectiveness [20,21].

To study the development and implementation of AF, this
scoping review focuses on a real-world, wicked
problem—antimicrobial resistance (AMR). AMR poses an
increasing threat to human health and the durability of modern
health care [22]. By 2050, AMR is expected to cause more
yearly deaths worldwide than cancer currently does [23].
Antimicrobial and diagnostic stewardship programs and
infection control programs form an integrated approach of AMR
prevention measures (APMs) that aim to reduce and prevent
the burden of AMR in hospitals [24]. Previous studies on
HCWs’ needs for APM support showed that changing HCWs’
beliefs about their contribution to limiting AMR should be an
important aim of APM strategies rather than merely focusing
on raising AMR awareness or influencing ad hoc decisions
[25,26]. To do so, learning through reflective cycles provides
the opportunity to change HCWs’ behaviors by giving them
insight into their own behavior and improvement possibilities
[15,27]. Therefore, AF for APM (APM-AF) is a promising
strategy in the fight against AMR, although it is currently
underused and understudied in the field of AMR [7].

There is a clear link between the use of TMFs and APM
effectiveness [28-31], and because of the interdisciplinary nature
of APM and eHealth, approaches for development and
implementation are grounded in a plethora of TMFs [32]. In
particular, APM-AF combines behavior change techniques
[28-31], participatory eHealth development [33],
human-centered and persuasive design [34-37], and
improvement [38] and implementation [39] science. Moreover,
TMFs have emerged for AF itself (eg, actionable feedback and
feedback intervention theory [3-6]) and in the field of AMR
(eg, integrated stewardship model [16,24,40]). Combining these
TMFs into a conceptual framework that guides the development
and implementation of APM-AF is challenging, and there is
little guidance on how to create such interdisciplinary conceptual
frameworks [41,42].

Objectives
There seems to be no standardized way of (theoretically)
substantiating choices for and reporting on the development
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and implementation of AF systems, which hinders the
identification of best practices and knowledge accumulation
[10,43]. Whereas other reviews on AF have mainly focused on
the effectiveness of AF systems [1,2], this scoping review
focuses on the development and implementation process to
further harmonize and professionalize AF system development
and implementation. The aim of this study is to gain insight into
the development and implementation strategies for APM-AF
systems by answering the following research questions:

1. What studies have been conducted so far to study the
development and implementation of APM-AF systems?

2. What TMFs are used and described in studies on the
development and implementation processes of APM-AF
systems?

3. What information has been reported on APM-AF systems,
and how are choices substantiated?

4. What information has been reported on the development
and implementation processes of APM-AF systems, and
how are choices substantiated?

5. What are the lessons learned for the development and
implementation of APM-AF systems?

To allow for an evidence synthesis of information on the
development and implementation of APM-AF, and because of
the explorative aim and research questions in this study, a
scoping review is preferred over a systematic literature review
[44,45]. This scoping review provides an interdisciplinary
conceptual framework that supports researchers, HCWs, and
policy makers to make informed choices in APM-AF system
development and implementation, with the aim of reducing the
burden of AMR and improving the quality and safety of health
care.

Methods

The PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
checklist was used to report on this scoping review without a
prior registered review protocol [46]. This scoping review was
designed by a multidisciplinary research team comprising AMR
and eHealth experts.

Eligibility Criteria
Studies were included if (1) they described the development
and implementation process of an AF system (including
monitoring and surveillance systems), (2) the system provided
feedback to HCWs, and (3) the system targeted AMR and
infections in hospitals. A more elaborate description of
development and implementation is provided in Multimedia
Appendix 1 [13]. We define AF systems as any system that
comprises AF, wherein at least one of them (audit or feedback)
is delivered or enhanced through the internet and related
technologies [47]. As reporting on eHealth development and
implementation processes is highly heterogeneous, there were
no requirements for specific TMFs, methods, or eHealth
technologies. Reviews and poster abstracts were excluded, as
were studies outside the hospital setting. Evaluation studies that
only reported on APM-AF effectiveness and impact without
reporting on development and implementation were excluded.

However, constructs of formative evaluation (defined as
“activities throughout the entire development process that
provide ongoing information on how to improve the
development process, outcomes of activities and eHealth
technology” [13]) were included, as it is intertwined throughout
the eHealth development and implementation process. A full
list of eligibility criteria can be found in Multimedia Appendix
1.

Information Sources, Search, and Selection of Evidence
A comprehensive and systematic literature search in PubMed,
Scopus, Web of Science, IEEE Xplore Digital Library, and
Embase was conducted without language restrictions. Only
studies published in and after 2010 were considered, as both
eHealth development and implementation and AMR and APM
are rapidly advancing fields. Databases were queried by JK on
November 2, 2020, except for Embase, which was queried on
January 28, 2021. Together with an information specialist, AMR
experts, and eHealth researchers, a structured query was
constructed comprising the following terms: audit OR monitor
OR surveillance AND feedback AND develop* OR implement*
AND infection OR antib* OR antimicrobial OR resistance.
The results were uploaded to the Covidence web-based software
platform (Veritas Health Innovation Ltd), where duplicates were
removed. Sources of evidence were selected in a thorough
screening process, including title and abstract screening and
full-text screening by three researchers independently (JK, BB,
and NBJ). After each round, conflicts were discussed until a
consensus was reached.

Data Charting Process
To chart the data, JK created a data extraction form (Multimedia
Appendix 2 [2-5,18,43,48-50]) in Microsoft Excel. The general
study characteristics extracted were first author, year, journal,
country, study aims, targets and target groups, study design and
methods, and theoretical underpinning. Given the heterogeneous
study approaches and theoretical underpinnings of the included
studies, a comprehensive overarching conceptual framework
was needed to systematically analyze relevant constructs. The
conceptual framework was grounded in often-used TMFs and
best practices from various scientific perspectives on AF
[3-5,18] and for the description, development, and
implementation of eHealth interventions in general [2,43,48-50].
These TMFs and best practices were merged via an iterative
axial and selective coding process by JK and NBJ. Thereby,
overlapping and complementary constructs from various
scientific perspectives were revealed. To structure all constructs,
a distinction was made between constructs for APM-AF systems
(n=41; research question 3) and constructs for development and
implementation (n=35; research question 4).

The data extraction form was discussed within the research
team, piloted, and iteratively refined throughout the assessment
process. Note that this conceptual framework should be merely
seen as an analytic framework for an organized way of thinking
about and reporting on APM-AF systems from various
perspectives and not as a theory explaining or predicting possible
interrelations and outcomes.
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Synthesis of Results
The main researcher (JK) read all full texts and systematically
extracted the data using the data extraction form. Studies were
scored with a + for a comprehensive, ~ for an incomplete, and
- for a missing description for each data field. Descriptions were
copied from the studies and further summarized per data field
by describing variations among studies (ie, axial coding). In
this process, data fields described by none of the studies were
omitted (Multimedia Appendix 2), and other overlapping fields
were combined. This reduced the number of data fields for
APM-AF systems to 29. The translation and summarization of
the extracted data into results were discussed in various rounds
within the research team. Owing to the heterogeneity and
qualitative nature of the included study designs, the richness

and relevance of the (contextual) information were believed to
be more important than study quality. Therefore, no quality
appraisal was performed [51].

Results

Study Selection
The literature search resulted in 3592 potentially relevant
abstracts. Of the 3592 papers, after removing 1467 (40.84%)
duplicates, 2125 (59.16%) unique titles and abstracts were
assessed (Figure 1), which resulted in the eligibility assessment
of 58 (1.61%) full texts. The main reasons for exclusion were
a lack of information on development or implementation and
evaluation studies (without reporting on development or
implementation).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of included and excluded studies, including
reasons for exclusion.

Current State of the Literature Addressing APM-AF
Development and Implementation (Research Question
1)

Study Characteristics
In total, of the 58 papers, 12 (21%) were included in this review
(2012-2020), mostly from PubMed, Scopus, and Web of

Science. Publications came from Northern American (6/12,
50%) or European (4/12, 33%) countries and Australia (2/12,
17%). Included studies stemmed from journals in various
research fields (eg, infections or implementation science).
Studies described APM-AF systems that were either in
(preparation of) development or already implemented in
practice, resulting in a wide variety of study aims, study targets,
target groups, study designs, and used methods (Table 1).
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Table 1. Study characteristics.

Theoretical
underpinning

Study design and methodsTarget groupStudy targetsStudy aimsJournalAuthor and
country

Theoretical
Domains
Framework

Qualitative:Nurses and
administra-
tors

ICPb and HAIc: HH
(improving HH com-
pliance)

To identify nurses’and admin-
istrators’ perceived barriers

and facilitators to current HHa

practices and the implementa-

Implementa-
tion science

Boscart et al,
Canada [52] • Semistructured key infor-

mant interviews

tion of a new electronic moni-
toring technology for HH

Model of Ac-
tionable Feed-
back

Multiple methods:HCWs (eg,
nurses and
respiratory
therapists),

ICP and HAI: HH (in-
crease HH frequency)

To describe the implementa-
tion of an automated group
monitoring and feedback sys-
tem for promoting HH among

The Joint
Commission
Journal on
Quality and

Conway et al,
United States
[53]

• Quantitative: before-and-
after study on HH events
per patient hour (out-

administra-HCWsd and report its impactPatient Safe-
ty

come)
tors, and
managers

on the frequency of HH at a
community hospital

• Qualitative: focus groups

None reportedMultiple methods:HCWs, staff,
unit/depart-

ICP and HAI: HH
(improving HH com-
pliance)

To describe the implementa-
tion of an electronic HH
monitoring system in 3 com-
munity hospitals, including

American
Journal of
Infection
Control

Edmisten et
al, United
States [54]

• Quantitative: after study
(outcome measures on
HH compliance after

ment direc-
tors and, fa-
cility man-
agement

the challenges and drivers of
success and the maintenance
activities needed for contin-

implementation)
• Qualitative: direct input

from users/department
ued improvements in compli-
ance with HH practices

and facility leaders, di-
rect observation, and
analysis of system-gener-
ated data and sharing of
best practices between
facilities

Feedback In-
tervention
Theory

Multiple methods:HCWs (eg,
nurse practi-
tioners and
staff physi-
cians)

DSPe and HAI: to im-
prove internal-
medicine resident’s
and long-term care
personnel’s capacity

To describe how feedback in-
tervention theory can be sys-
tematically applied in health
care settings to design better
feedback interventions

BMJ Quality
and Safety

Hysong et al,
United States
[55]

• Quantitative: the Smither
et al [56] 11-item scale
for recipients’ reactions
to feedback

to distinguish between • Quantitative: chart moni-
toring (adherence to theasymptomatic bacteri-

uria and catheter-asso- treatment algorithm,
ciated urinary tract in-
fection

specifically, rates of
urine culture) of orders
and inappropriate use of
antibiotics

None reportedMultiple methods:HCWs (eg,
pharmacists
and nurses)

ASPf: to improve the
quality of patient care
by reducing inappro-
priate and unneces-

To design an audit tool that
was appropriate for use in all
Australian hospitals, suited to
local user requirements, and
included an assessment of the

The Journal
of Antimicro-
bial
Chemothera-
py

James, Aus-
tralia [57] • Quantitative: interrater

reliability and validity
tests and web-based
questionnairesary use of antimicro-

bials (national level
focus)

overall appropriateness of the
prescription

• Qualitative: teleconfer-
ence and direct input
from users

Pronovost
Knowledge

Multiple methods:Not clearly
described;

ICP and HAI: to im-
prove the credibility

To develop and implement an
infection control performance

American
Journal of

Jeanes et al,
United King-
dom [58]

• Quantitative: question-
naires and intermittent(“auditors”

and man-
agers)

and use of infection
control performance
monitoring (beyond
HH)

and quality improvement data
collection tool to meet the
needs of large, acute health
care providers and improve
the credibility and use of infec-

Infection
Control

Translation
Cycle and
Barriers and
Mitigation
tool, double

validation
• Qualitative: day to day

contacts with auditors,
feedback from users via

tion control performance
monitoring

loop learning
cycle, and
Hexagon tool
framework

the IC-CQIg data input
system, discussion
groups, and IC-CQI
training sessions
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Theoretical
underpinning

Study design and methodsTarget groupStudy targetsStudy aimsJournalAuthor and
country

CeHResi road
map

Multiple methods:

• Quantitative: question-
naire

• Qualitative: 2 focus
groups (last focus group
prototype based)

HCWs (eg,
urologists
and resi-
dents)

DSP, ASP, and ICP:
to optimize HCWs’
diagnostic, antibiotic
prescription and infec-
tion control behavior

to limit AMRh

To describe how a bottom-up
participatory development
approach can improve the
persuasive design of data-
driven technologies for their
end user (ie, HCWs) and
within their context and de-
scribe how bottom-up partici-
patory development is a neces-
sary precondition for the de-
velopment of persuasive data-
driven technologies that foster
sustainable implementation

Lecture
Notes in
Computer
Science

Keizer, the
Netherlands
[59]

Design Sci-
ence Research
Methodology
and gamifica-
tion

Multiple methods (2 work it-
erations):

• Qualitative: preliminary
experiments, simula-
tions, field studies, and
focus groups

NursesICP and HAI: to cre-
ate awareness regard-
ing HCWs’ HH com-
pliance while trying to
change their behaviors
and optimize their
performance

To develop a gamification so-
lution that can provide HCWs
real-time feedback on person-
al HH compliance

BMC Medi-
cal Informat-
ics and Deci-
sion Making

Marques, Por-
tugal [60]

None reportedMultiple methods:

• Quantitative: survey
• Qualitative: semistruc-

tured telephone inter-
views

ASP pharma-
cists and
physicians

ASP: to optimize the
use of antimicrobial
agents, decrease
AMR, and decrease
rates of Clostridium
difficile infection

To identify the factors related
to the implementation of ASP
strategies

American
Journal of
Infection
Control

Pakyz, United
States [61]

Intervention
Description
and Replica-
tion frame-
work

Qualitative:

• Postimplementation fo-
cus groups

Clinicians
(eg, nurses
and resident
medical offi-
cers)

HAI: the study aimed
to reduce catheter use
and duration of
catheterization

To provide insights into the
experiences of clinicians in
implementing a multifaceted
bundled urinary catheter care

intervention (of which AFj is
a considerable component)

Journal of
Clinical
Nursing

Parker, Aus-
tralia [62]

Model of Ac-
tionable Feed-
back

Multiple methods:

• Quantitative: retrospec-
tive observational study
of antibiotic use and
clinical vignette study

• Qualitative: ethnograph-
ic workflow study and 2
focus groups

HCWs (eg,
neonatolo-
gists and pe-
diatric resi-
dents)

ASP: to promote the
judicious use of antibi-
otics

To describe the development
and implementation of their
AF intervention using a theo-
retical framework

Interdisci-
plinary Per-
spectives on
Infectious
Diseases

Patel, United
States [63]

ProjectPplan
Framework
and Plan, Do,
Study, Act
Method

Multiple methods:

• Quantitative: question-
naire survey (profession-
al satisfaction)

• Qualitative: paper-based
prototyping, formative
evaluation by interaction
with testers, web forum
(including mail queries),
regional leads, face-to-
face meetings, and re-
gional measurement
workshops

HCWs (eg,
nurses and
junior physi-
cians)

HAI: to reduce 4 high
volume harms (safety
outcomes), pressure
ulcers, falls, urinary
tract infection in pa-
tients with catheters,
and venous throm-
boembolism

To set up a low-cost pragmat-
ic system to provide monthly
data on 4 harms across care
settings and produce measures
that could be used locally for
improvement but also aggre-
gated to determine the burden
of harm nationally

International
Journal for
Quality in
Health Care

Power, United
Kingdom [64]

aHH: hand hygiene.
bICP: infection control program.
cHAI: hospital-acquired infection.
dHCW: health care worker.
eDSP: diagnostic stewardship program.
fASP: antimicrobial stewardship program.
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gIC-CQI: Infection Control Continuous Quality Improvement.
hAMR: antimicrobial resistance.
iCeHRes: Center for eHealth Research.
jAF: audit and feedback.

Study Aims
Of the 12 studies, 4 (33%) primarily focused on development,
4 (33%) on implementation, and 4 (33%) described both
development and implementation. However, development and
implementation appeared to be undefined concepts, with
implementation studies describing the development and design
constructs and development studies paying attention to
implementation constructs. Studies aimed at describing APM-AF
system development focusing on (1) the integration of TMFs
(eg, Feedback Intervention Theory), (2) AF content and
presentation (eg, feedback gamification), or (3) technical aspects
(eg, suitable badges for hand hygiene [HH] monitoring). In
addition, studies focused on implementation barriers and
facilitators.

Study Targets and Target Groups
Of the 12 studies, 11 (92%) focused on one of the APM (ie,
diagnostic stewardship programs, antimicrobial stewardship
programs, or infection control programs), whereas 1 (8%)
targeted multiple APM. The target groups comprised a variety
of HCWs (both frontline staff and AMR experts; 8/12, 67%)
and in some studies, administrators and managers (4/12, 33%)
as well.

Study Design and Methods
Most studies (10/12, 83%) used multiple methods,
complementing quantitative (eg, questionnaires) with qualitative
data (eg, observations, interviews, and focus groups).
Approximately 17% (2/12) of the studies were fully qualitative,
relying on interviews and focus groups.

TMFs for APM-AF Development and Implementation
(Research Question 2)

Theoretical Underpinning Described by Studies
Most studies (9/12, 75%) described the theoretical underpinnings
of their APM-AF system or study approach (Table 1).
Approximately 17% (2/12) of the studies explicitly mentioned
the use of Feedback Intervention Theory and the Model of
Actionable Feedback to guide choices in the development and
implementation of their study aims [55,63], whereas others
mentioned TMFs in their Introduction or Methods section. AF
TMFs (3/12, 25%; eg, Model of Actionable Feedback)
[53,55,63] were used, as were TMFs, for developing,
implementing, and evaluating interventions or technologies
(5/12, 42%; eg, Center for eHealth Research road map)
[58-60,62,64] and for identifying implementation
barriers/facilitators (1/12, 8%; eg, Theoretical Domains
Framework) [52]. Substantiations of choices on APM-AF
systems were scarce; few studies substantiated their choices,
which were either theory informed (eg, providing group-level
feedback) or based on findings from the studies themselves (ie,
revisions based on formative evaluation).

Conceptual Framework for APM-AF Development and
Implementation
The conceptual framework, which is based on often-used TMFs
and best practices for AF and eHealth interventions, is shown
in Table 2 (APM-AF system constructs) and Table 3
(development and implementation constructs) and in Multimedia
Appendix 2 in more detail.
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Table 2. Conceptual framework: APM-AFa system constructs (N=12)b.

Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

Audit

10 (83)✓✓Auditeesf

9 (75)✓Main inputb

Feedback

8 (67)✓✓✓Feedback recipientsf

8 (67)✓✓✓Main outputf

Level of individualization and specificity

11 (92)✓✓✓✓Feedback provided to individual, groups, or

bothf

10 (83)✓✓✓✓Feedback is about the individual or team’s own

behaviorsb

8 (67)✓✓✓✓Feedback level specificityf

Comparison, goal setting, and action planning

8 (67)✓✓✓✓✓Comparisonf

5 (42)✓✓✓✓✓Goal settingg

4 (33)✓✓✓✓✓✓Action planningg

Feedback framing and incentives

6 (50)✓✓Punitivenessb

4 (33)✓✓Attack on self-identityf

4 (33)✓✓Intrinsic and extrinsic reinforcement or incen-

tivesf

Timing

8 (67)✓✓✓✓Delivery timingf

11 (92)✓✓✓✓✓✓✓Timeliness (frequency and continuous cycle)f

3 (25)✓✓Remindersf

APM-AF system

Technology and materials

11 (92)✓✓✓Key features of the technologyf

12 (100)✓Accessb

8 (67)✓✓✓Materialsb

Human–system interaction

9 (75)✓✓✓✓✓✓Modes of feedback deliveryf

9 (75)✓✓Level of human involvementf

6 (50)✓Engagementb

Design

9 (75)✓✓✓✓✓Visual presentation strategies and cognitive

loadg

4 (33)✓✓✓✓✓✓✓✓User-guided experienceg

J Med Internet Res 2022 | vol. 24 | iss. 3 |e33531 | p.69https://www.jmir.org/2022/3/e33531
(page number not for citation purposes)

Keizer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

Data validity, d trust and credibility

9 (75)✓✓Data validityb

11 (92)✓✓✓Trust and credibilityf

APM-AF as learning strategy

Learning opportunities

5 (42)✓✓✓Reflective learningf

7 (58)✓✓Learning climatef

12 (100)✓✓✓Additional strategies or proceduresb

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.
bUnique constructs (ie, where the various perspectives complement each other).
cApproximately 72% of constructs theoretically underpinned by literature on audit and feedback.
dApproximately 66% of constructs theoretically underpinned by literature on eHealth and interventions.
eApproximately 41% of constructs theoretically underpinned by literature on implementation.
fOverlapping constructs (constructs represented in 2 perspectives).
gOverlapping constructs (constructs represented in all perspectives).
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Table 3. Conceptual framework: APM-AFa development and implementation constructs (N=12)b.

Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

Stakeholders and roles

5 (42)✓Developer or research teamb

11 (92)✓✓✓Pilot testers and involvement in development and

implementation processf

6 (50)✓✓Leadership engagementb

3 (25)✓Opinion leadersb

2 (17)✓Formally appointed internal implementation lead-

ersb

3 (25)✓Championsb

Target behavior and added value

Target behavior, problem, and intervention

12 (100)✓Nature of the problemb

12 (100)✓✓Description of underlying behavior and deci-

sion processesb

8 (67)✓Relevant sociocultural factors and comorbidi-

tiesg

4 (33)✓✓Perceived need for behavior changeg

6 (50)✓✓✓Targeted behavior is likely to be amenable to

feedbackb

3 (25)✓✓✓Self-efficacyg

10 (83)✓✓✓Justify need for behavior changeg

Rationale and added value

12 (100)✓✓✓Rationale for using APM-AFg

10 (83)✓✓✓Desirability, efficacy, safety, and cost effective-

nessg

10 (83)✓Relative advantageb

Embedding in practice

Implementation complexity and compatibility with target behavior and work processes

8 (67)✓✓Complexity of implementation processb

8 (67)✓Technology supply modelb

11 (92)✓✓✓Compatibilityg

11 (92)✓✓✓Remove barriersg

3 (25)✓✓✓Opportunity costs (including additional efforts

to use technology) g

6 (50)✓✓Available resourcesb

Inner and outer setting

1 (8)✓✓Structural characteristicsb

2 (17)✓✓Networks and communicationsb

3 (25)✓Cultureb
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Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

1 (8)✓Patient needs and resourcesb

Implementation

6 (50)✓✓Planningb

5 (42)✓✓Executingb

Formative evaluation

1 (8)✓✓Intended useb

3 (25)✓Actual useb

12 (100)✓✓Development process and formative evaluationsg

4 (33)✓Harms or unintended effectsb

9 (75)✓Trialabilityb

6 (50)✓✓✓Revisions and updatingg

1 (8)✓Replicability and digital preservationb

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.
bUnique constructs (ie, where the various perspectives complement each other).
cApproximately 32% of constructs theoretically underpinned by literature on audit and feedback.
dApproximately 24% of constructs theoretically underpinned by literature on eHealth and interventions.
eApproximately 74% of constructs theoretically underpinned by literature on implementation.
fOverlapping constructs (constructs represented in all perspectives).
gOverlapping constructs (constructs represented in 2 perspectives).

The construction of the comprehensive overarching conceptual
framework revealed the added value of including multiple
perspectives, as 48% of constructs were complementary (ie,
covered by one of the 3 perspectives). Overlaps in the coverage
of constructs between AF, eHealth, and implementation indicate
the integrative nature of the development and implementation
of the APM-AF system. Overlapping constructs occurred more
often for APM-AF systems (4/29, 14%) than for APM-AF
development and implementation (2/35, 6%). In the former,
most constructs (21/29, 72% and 20/29, 69%, respectively)
came from AF and eHealth literature, whereas in the latter, most
constructs (28/35, 80%) came from the implementation

literature. Constructs underpinned by all 3 perspectives were
not necessarily described by more studies (eg, goal setting; 5/12,
42%).

APM-AF System Constructs (Research Question 3)

Overview
Table 4 shows APM-AF system constructs (more details in
Multimedia Appendix 3 [52-55,57-64]). Constructs could be
categorized into four main codes—(1) audit, (2) feedback, (3)
APM-AF system, and (4) APM-AF as a learning strategy—and
are elaborated upon below. Table 4 also shows to what degree
and by which studies these constructs were described.
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Table 4. Constructs of APM-AFa systems (N=12).

ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described or
substantiated

Partially described or con-
structed without elabora-
tion or substantiation

Described elaborately
and often substantiated

Audit

[52-55,57,59,60,62-64]1 (8)1 (8)10 (83)Auditees

[52-55,57,60,62-64]0 (0)3 (25)9 (75)Main input

Feedback

[53-55,57,59,60,62-64]1 (8)3 (25)8 (67)Feedback recipients

[53-55,57-60,62,63]1 (8)3 (25)8 (67)Main output

Level of individualization and specificity

[52-55,57,59-64]0 (0)1 (8)11 (92)Feedback provided to individual,
groups, or both

[52-55,59-64]0 (0)2 (17)10 (83)Feedback about the individual or
team’s own behaviors

[55,59,61,62,64]3 (25)1 (8)8 (67)Specificity

Comparison, goal setting and action planning

[52,53,55,57,59,60,63,64]4 (33)0 (0)8 (67)Comparison

[52-54,59]6 (50)1 (8)5 (42)Goal setting

[55,58,59,61,62]5 (42)3 (25)4 (33)Action planning

Framing and incentives

[53,55,59-61,63]6 (50)0 (0)6 (50)Punitiveness

[53,58,61,63]8 (67)0 (0)4 (33)Attack on self-identity and cognitive
influences

[52,55,60,61]8 (67)0 (0)4 (33)Intrinsic and extrinsic reinforcement
or incentives

Timing

[52,54,60,61,64]4 (33)0 (0)8 (67)Delivery timing

[52-55,57-60,62,63]0 (0)1 (8)11 (92)Timeliness

[52,53,59]9 (75)0 (0)3 (25)Reminders

APM-AF system

Technology and materials

[52-55,57-60,62-64]0 (0)1 (8)11 (92)Materials

[52-55,57-64]0 (0)0 (0)12 (100)Key features of the technology

[53-55,59,60,62-64]4 (33)0 (0)8 (67)Access

Human–system interaction

[52,53,55,59-64]1 (8)2 (17)9 (75)Modes of feedback delivery

[53,55,57-59,61-64]0 (0)3 (25)9 (75)Level of human involvement

[55,59,60,62-64]6 (50)0 (0)6 (50)Engagement

Design

[52-55,59,60,62-64]2 (17)1 (8)9 (75)Presentation strategies and cognitive
load

[55,59,60,64]5 (42)3 (25)4 (33)User-guided experience

Validity and credibility

[52-55,57,58,60,61,64]2 (17)1 (8)9 (75)Data validity
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ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described or
substantiated

Partially described or con-
structed without elabora-
tion or substantiation

Described elaborately
and often substantiated

[52,53,55,57-64]1 (8)0 (0)11 (92)Trust and credibility

APM-AF as a learning strategy

Learning opportunities

[55,59-61]7 (58)0 (0)5 (42)Reflective learning

[55,58,59,61,62,64]5 (42)0 (0)7 (58)Learning climate

[52-55,57-64]0 (0)0 (0)12 (100)Additional strategies or procedures

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.

Audit

Auditees

The ones audited, or auditees, were described by most studies
(10/12, 83%) and comprised frontline HCWs
[52-55,57,59,60,62-64].

Main Input

Approximately 42% (5/12) APM-AF systems relied on
automatically collected input (eg, electronic HH monitoring
system) [52-54,60,63], whereas 33% (4/12) systems relied on
manual input (eg, audit survey tool) [55,57,62,64].

Feedback

Feedback Recipients

Feedback recipients were described by most studies (8/12, 67%)
and comprised auditees (ie, frontline HCWs) [55,60,62] and
managers or administrators [53,54,59,63,64].

Main Output

Approximately 67% (8/12) of the studies described APM-AF
output in terms of specific content (eg, process, structure, and
outcome indicators) [53,54,58,60,62] or provided a general
description of output (eg, quality of antibiotic treatment)
[55,59,63].

Level of Individualization and Specificity

The level of feedback individualization was described by most
studies (11/12, 92%). Feedback was provided on individual
[55,61] or group level [53,62-64] or on both (ie, option to
choose) [52,54,57,59,60]. Approximately 8% (2/12) of the
studies explicitly justified their choice to provide group-level
feedback only as individual feedback could be perceived as too
threatening [53,63]. Feedback was provided to the auditees only
[55,60-62], to the auditees and managers or administrators
[52,54,59,63,64], or to managers or administrators only [53].
Feedback specificity was described by most studies (8/12, 67%).
Feedback was provided on individual patient cases (mostly
diagnostic and antimicrobial stewardship studies) [55,61], on
aggregated group level (mostly infection control studies)
[53,54,60], or on both individual and aggregated levels
[59,62,64].

Comparison, Goal Setting, and Action Planning

Approximately 67% (8/12) of the studies described data
comparison, either in terms of trends over time or benchmarks
between groups and with other hospitals [52,57,59,60,63].
Approximately 33% (4/12) of the studies briefly mentioned
goal setting and action planning. Goals were either derived from
literature [52], based on current data [53,54], or described in
terms of an HCW’s need to discuss goals [59] but were not
substantiated. Approximately 42% (5/12) of the studies
mentioned action planning after feedback, but mostly in general
terms (eg, feedback as a tool from which participants could
make an actionable plan) [55,61,62], or as a separate follow-up
strategy besides the APM-AF system, requiring additional
information and human involvement [58,59,61,62].

Feedback Framing and Incentives

Some studies mentioned feedback framing in terms of
punitiveness (6/12, 50%) or an attack on self-identity (3/12,
25%); however, few specified whether and how these constructs
were incorporated in AF system design [53,55,58-61,63].
Approximately 8% (2/12) of the studies incorporated these
constructs in their decision to focus only on group-level
feedback [53,63], whereas 17% (2/12) studies emphasized
nonconfrontational and informal language [60,61]. Intrinsic and
extrinsic reinforcement and incentives were addressed in general
terms [52,55,61] and more specifically by 8% (1/12) of the
studies (eg, competition, win state, and rewards), including how
these were implemented in the system (eg, presenting the highest
score with a distinct color) [60].

Timing

Approximately 42% (5/12) of APM-AF systems made use of
feedback at the point of care. This was provided via visual and
auditory signals (for HH monitoring) [52,54] or a real-time
performance dashboard [54,60,64]. Retrospective feedback was
provided in 10 systems, with variable frequencies (daily,
monthly, half yearly, and yearly) [52-55,57-60,62,63],
sometimes with the possibility of continuously accessing the
performance dashboard when needed [53,59,60]. Reminders
were mentioned in 25% (3/12) of the studies [52,53,59].
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APM-AF System

Technology and Materials

All studies described their (envisioned future) technologies,
which ranged from audit tools (eg, Microsoft Excel or
SurveyMonkey [Momentive Inc]) [57,58,61,62,64] to electronic
monitoring systems (for HH) [52-54,60], interactive Microsoft
PowerPoint presentations [55,63], and prototypes [59]. Access
to the APM-AF systems was realized in interactive dashboards
or Microsoft PowerPoint presentations with the possibility of
sending customized reports via email [54,59,60,64], whereas,
in 33% (4/12) of the studies, feedback recipients relied on
managers or the research team (via email or face-to-face) for
access to the APM-AF system [53,55,62,63].

Human–System Interaction

Approximately 17% (2/12) of the studies solely provided
feedback via the APM-AF system [60,64], whereas 58% (7/12)
of the studies also provided face-to-face feedback
[52,53,55,59,61-63]. In addition, studies described the need for
additional human involvement, for example, for (educational)
meetings with AMR experts [53,57,59,62,63], and support in
data processing [55,58,59,61,64]. Half of the studies described
how they would engage the user with the APM-AF system via
interactive feedback presentations [55,64], gamification [60],
or with additional strategies (eg, creating an AF task force)
[59,62,63].

Design

Design details about included graphs were described by 33%
(4/12) of the studies [53,55,60,64], whereas 42% (5/12) of the
studies broadly described the APM-AF system design
[52,54,59,62,63]. One of the studies used a theory-informed
design to ensure that their design matched task and user
characteristics [55]. Approximately 33% (4/12) of the studies
described an interactive and customizable AF system, wherein
personalization was used to customize feedback to match end
users’ needs [55,59,60,64]. However, neither was this further

specified (eg, which parts are customizable) nor did it focus on
user-guided experience (ie, how usability is ensured).

Validity and Credibility

Data validity was addressed in terms of raised concerns by study
participants [52-54,61], (planned) data validation activities
[55,57,58,64], or technical constructs [60]. The trust in and
credibility of the APM-AF system was addressed by describing
study participants’ perceptions [52,53,58-62] or (planned)
activities to improve the trust in and credibility of the system
[55,57,63,64].

APM-AF as a Learning Strategy

Learning Opportunities

Approximately 33% (4/12) of the studies described reflective
learning (ie, personal reflections on one’s behavior and APM
performance) as a result and strength of APM-AF systems
[55,59-61]. Furthermore, APM-AF systems (6/12, 50%) were
described as a (potential) facilitator for interactive discussions
and communication between HCWs and AMR experts, mostly
in existing meetings [55,58,59,61,62,64].

Additional Strategies or Procedures

All studies described additional strategies, both for the study
(eg, webinar to explain how to use the tool) and for the APM-AF
system in practice (eg, creating an AF task force) [52-55,57-64].

APM-AF Development and Implementation Constructs
(Research Question 4)

Overview
Table 5 shows the APM-AF development and implementation
constructs (Multimedia Appendix 4 [52-55,57-64] provides
more details). Constructs could be categorized into four main
codes—(1) stakeholders and roles, (2) target behavior and added
value, (3) embedding in practice and (4) formative
evaluation—and are elaborated upon below. Table 5 also shows
to what degree and by which studies these constructs were
described.
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Table 5. APM-AFa development and implementation constructs.

ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described
or substantiated

Partially described or con-
structed without elaboration
or substantiation

Described elaborately
and often substantiated

Stakeholders and roles

Stakeholders

[53,55,57,59,61]3 (25)4 (33)5 (42)Developer or research team

[52-55,57,59-64]1 (8)2 (17)11 (92)Pilot testers and involvement in develop-
ment and implementation process

[54,58,61-63]4 (33)2 (17)6 (50)Leadership engagement

[58,61,62]9 (75)0 (0)3 (25)Opinion leaders

[61,62]10 (83)0 (0)2 (17)Formally appointed internal implementa-
tion leaders

[52,61,62]8 (67)1 (8)3 (25)Champions

Target behavior and added value

Target behavior, problem, and intervention

[52,53,55,57-59,62,63]2 (17)2 (17)8 (67)Description of underlying behavior and
decision processes

[52-55,57-64]0 (0)0 (0)12 (100)Nature of the problem

[52-55,57-64]0 (0)0 (0)12 (100)Relevant sociocultural factors and comor-
bidities

[52,53,55,60]7 (58)1 (8)4 (33)Tension for behavior change

[52,53,55,60-62]6 (50)0 (0)6 (50)Targeted behavior is likely to be
amenable to feedback

[52,53,57]9 (75)0 (0)3 (25)Self-efficacy

[52-55,58-62,64]2 (17)0 (0)10 (83)Justify need for behavior change

Rationale and added value

[52-55,57-64]0 (0)0 (0)12 (100)Rationale for using AFb

[52,53,55,57-62,64]2 (17)0 (0)10 (83)Desirability, efficacy, safety, and cost-
effectiveness

[52,53,55,57-62,64]2 (17)0 (0)10 (83)Relative advantage

Embedding in practice

Implementation complexity and compatibility with target behavior and work processes

[54,58-64]3 (25)1 (8)8 (67)Complexity of implementation process

[53,54,58,60-64]4 (33)0 (0)8 (67)Technology supply model

[52,54,55,57-64]0 (0)1 (8)11 (92)Compatibility

[52,54,55,57-64]1 (8)0 (0)11 (92)Remove barriers

[58,60,62]8 (67)1 (8)3 (25)Opportunity costs (including additional
efforts to use technology)

[52,57,58,61-63]4 (33)2 (17)6 (50)Available resources

Inner and outer setting

[62]11 (92)0 (0)1 (8)Structural characteristics

[61,62]10 (83)0 (0)2 (17)Networks and communications

[59,61,63]6 (50)3 (25)3 (25)Culture

[54]10 (83)1 (8)1 (8)Patient needs and resources

Implementation
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ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described
or substantiated

Partially described or con-
structed without elaboration
or substantiation

Described elaborately
and often substantiated

[54,58-60,62,64]6 (50)0 (0)6 (50)Planning

[54,58,60,62,64]7 (58)0 (0)5 (42)Execution

Formative evaluation

APM-AF system use

[64]10 (83)1 (8)1 (8)Intended use

[58,60,64]7 (58)2 (17)3 (25)Actual use

[52-55,57-60,62-64]0 (0)1 (8)11 (92)Development process and formative evalua-
tions

[54,61,63,64]8 (67)0 (0)4 (33)Harms or unintended effects

[52-55,57,59,60,62,64]2 (17)1 (8)9 (75)Trialability

[52-54,57,60,64]5 (42)1 (8)6 (50)Revisions and updating

[64]10 (83)1 (8)1 (8)Replicability and digital preservation

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.
bAF: audit and feedback.

Stakeholders and Roles

Research Team

Approximately 42% (5/12) of the studies described their
research team, comprising multidisciplinary stakeholders (eg,
HCWs, AMR experts, biostatisticians, and researchers)
[53,55,57,59,61]. The research team compositions were
substantiated (eg, having a multidisciplinary mix in the team
[53,55,57,59,61] and experience with specific research methods
[53,55,61]).

Pilot Testers and Involvement in Development and
Implementation Process

Pilot testers were described by 92% (11/12) of the studies
[52-55,57,59-64] and were predominantly selected for their
occupational function [52,55,57,59,60,62-64], whereas other
details about stakeholders’ expertise and background were
hardly described [52,53,57]. Stakeholder involvement was
realized by including stakeholders (eg, HCWs and AMR experts)
in the research team [62,63] and by involving them in pilot tests
and formative evaluations [57,59,60,62-64]. Leadership
engagement was mentioned by half of the studies as facilitator
for successful implementation [54,58,61-63], whereas
stakeholder engagement through champions or opinion leaders
was mentioned less often (4/12, 33%) [52,58,61,62].

Target Behavior and Added Value

Target Behavior, Problem, and Intervention

The nature of the problem and relevant sociocultural factors
were addressed by all studies [52-55,57-64]. Most studies (8/12,
67%) provided a description of underlying behavior and decision
processes, either shortly in the article’s introduction [53,57] or
in a prior study [52,55,58,59,62,63]. Some studies paid attention
to whether there was tension for behavior change [52,53,55,60],
whether the targeted behavior is likely to be amenable to

feedback [52,53,55,60-62], and self-efficacy of feedback
recipients’ (ie, feeling capable and responsible for behavior
improvement) [52,53,57]. The need for behavior change was
justified by pointing out flaws in current behaviors
[52-55,58-62,64].

Rationale and Added Value

All studies described the rationale and added value of the
APM-AF [52-55,57-64]. Approximately 58% (7/12) of the
studies described recommendations from health authorities (eg,
World Health Organization) or AF as a widely used intervention
in health care in general as reasons for developing and
implementing an APM-AF system [53-55,57,59,61,63]. Other
studies (5/12, 42%) explained how APM-AF could solve
problems and inefficiencies in the current situation
[52,58,60,62,64]. The added value was described both in terms
of expectations (eg, improving the efficiency of audits) and
experiences (eg, feedback motivated to change behavior)
[52,53,55,57-62,64].

Embedding in Practice

Implementation Complexity and Compatibility With Target
Behavior and Work Processes

Most studies (8/12, 67%) described constructs related to
implementation complexity, including required organizational
configurations and dependability on suppliers for customizations
in terms of expected or experienced implementation barriers
[53,54,58-64]. One of the studies specifically reflected on the
duration and effort of the entire implementation process [58].
Approximately all studies (11/12, 92%) described constructs
regarding the compatibility between the APM-AF system and
stakeholders’ needs and existing workflows and expected or
experienced implementation facilitators and barriers
[52,54,55,57-64]. Opportunity costs were described by a few
studies (3/12, 25%) [58,60,62], including negative experiences
with the required additional efforts to use the APM-AF
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(including education and collecting data) [60,62]. A lack of
resources was described in terms of staffing, time, and materials
[57,58,61-63].

Inner and Outer Setting

Few studies (4/12, 33%) paid attention to the inner setting,
expressing the need for a collaborative environment and open
culture, in which the quality of their work can be discussed
safely [59,61,63]. One of the studies described increased patient
involvement as a result of visible APM-AF systems [54].

Implementation Planning and Execution

Approximately 50% (6/12) of the studies addressed
implementation planning, of which 83% (5/6) also reflected on
execution [54,58-60,62,64]. Studies mostly reported longer
implementation processes than initially planned because of
hospital workflow conflicts, personnel availability, and other
confounding factors (including technical problems and resistance
from stakeholders).

Formative Evaluation

APM-AF System Use

Intended and actual use of the APM-AF system was hardly
(3/12, 25%) described, either as the maximum time HCWs
should spend on filling out the audit tool [64] or as how often
and complete the audit tool was filled in [58]. In addition, one
of the studies used Google Analytics to measure users’
interactions with gamification parts [60].

Development Process and Formative Evaluations

The development process and methods used for the formative
evaluations were described in all studies [52-55,57-64] and
elaborated in this paper’s Study Characteristics section.

Harms or Unintended Effects

Approximately 33% (4/12) of the studies described whether
and how harms and unintended effects were monitored during
the development and implementation process (in general terms
or with specific examples) [54,61,63,64].

Trialability and Revisions and Updating

Approximately 75% (9/12) of the studies described trialability
and revisions and updates in terms of several testing rounds
[52-55,57,59,60,62,64]. However, only 50% (6/12) of the studies
subsequently described, either specifically [57,60,64] or broadly
[52-54], how the findings from the testing rounds were
incorporated in the design or implementation of the APM-AF
system (eg, use of better beacons).

Replicability and Digital Preservation

One of the studies published their APM-AF system on the web
with additional information (eg, web forum) [64].

Discussion

Principal Findings
This scoping review aimed to provide insights into strategies
and theoretical underpinnings for AF system development and
implementation from a sociotechnical perspective. Of the 2125
studies found in the search, 12 (0.56%) studies were included

describing the development and implementation of their AF
systems heterogeneously in terms of study aims, AF targets,
and development and implementation strategies. Approximately
17% (2/12) of the studies explicitly aimed to illustrate how
TMFs could guide choices in AF system development and
implementation. A comprehensive interdisciplinary conceptual
framework, based on overlapping and complementary constructs
from TMFs from AF, eHealth and interventions, and
implementation literature, was created to compare the studies.

Lessons Learned for the Development and
Implementation of APM-AF Systems (Research
Question 5)
In this discussion, research question 5 is answered by providing
lessons learned from reflecting upon our findings for theoretical
underpinnings of and reporting on AF, AF systems, and their
development and implementation.

Theoretical Underpinnings for AF
With health- and health care–related problems becoming
increasingly complex, interdisciplinary theoretical integration
to combine different perspectives is inevitable and pivotal to
grasp the complexity of real-world problems [65]. This study
showed the added value of considering and combining AF,
eHealth, and implementation literature for studying AF systems.
AF literature covered mostly AF system constructs (21/29,
72%), whereas relevant development and implementation
constructs were hardly covered (12/35, 34%). Therefore, studies
using only AF literature might miss important development and
implementation constructs, such as stakeholder roles (eg,
leadership engagement and champions) and embedding in
practice (eg, implementation complexity and setting), that
influence AF effectivity and efficiency [66,67]. Therefore, we
argue that TMFs for AF and for development and
implementation should be balanced, as exemplified in our
interdisciplinary conceptual framework, and matched with
studies’ specific research objectives, methods, and context (eg,
setting and participants) [68].

However, selecting and combining the best-fitting TMFs
remains a challenge [69]. Well-known examples of combined
frameworks exist in implementation science (eg, Theoretical
Domains Framework [70]); however, little information is
provided about how constructs were combined. Overall, there
is little guidance on the selection and integration of
interdisciplinary TMFs [71]. Evolving initiatives that create
shared languages across disciplines and theories (eg,
CohenMiller and Pate [72]) and provide criteria for theory
selection (eg, Birken et al [73]) are encouraged.

Reporting on AF Systems
This scoping review resulted in an overview of constructs for
APM-AF systems (Table 4), enriching the AF best practices
from Colquhoun et al [18] with constructs of audit (eg, auditees
and audit input), feedback framing and incentives, and AF
system constructs (eg, technology and materials, human–system
interaction, and data validity and trust and credibility). For
replicability and using the framework in actual development
and implementation, reporting about the audit input and what
technology and materials were used is important. Furthermore,
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data validity and credibility was deemed as one of the 5 most
important aspects for AF in a recent study [42].

In our view, the 2 constructs that were underreported in the
included studies require attention in future studies. First, we
observed quite broad descriptions of AF system design, with a
lack of attention to functional (ie, what can the AF system do)
and visual (ie, how efficiently and effectively information is
presented to users) design, and engagement with the AF system.
However, these constructs are important for how an AF system
is received and used in practice [74]. The lack of design aspects
and considerations of engagement might reflect the neglect of
eHealth system characteristics (such as design) and engagement
as active influencers for eHealth effectivity [75]. Second,
comparison, goal setting, and action planning were hardly
described in the included studies. A lack of substantiations for
comparisons was also reported by a review on clinical
performance comparators for AF on various clinical topics [76],
whereas the underuse of goal setting and action planning was
also found by a systematic review on behavior change
interventions for APM in hospitals [28]. These 3 constructs
were derived from all included theoretical perspectives and are
common behavior change techniques [77], suggesting that they
require and deserve more attention in future studies.

Reporting on Development and Implementation of AF
Systems
Of the full-text studies assessed for eligibility, most studies
(30/58, 52%) were excluded as they focused primarily on
effectiveness and did not sufficiently report on development
and implementation. The inclusion of 12 studies in full-text
might seem little; however, we believe this is exemplary of the
tendency in (APM and eHealth) research to publish more about
effectiveness than about the development and implementation
process [3,11,12]. Therefore, in future AF system studies, but
also for other eHealth technologies, considering development
and implementation as influencers of the effectivity and
efficiency of eHealth in practice has yet to gain ground [13].
During the construction of the conceptual framework, the
interwovenness of development, implementation, and formative
evaluation became apparent through the many overlaps
observed. This resonates with best practices in eHealth
development and implementation, which state that
implementation is integrated with development and requires an
iterative and holistic approach [78]. Therefore, next to reporting
on evaluation, studies should report on both the constructs for
AF systems and for development and implementation.

There is no single right development and implementation
approach because of the many variations in APM and AF
objectives, stakeholders, technologies, and settings [79].
Therefore, the constructed conceptual framework should be
seen as a checklist that provides general guidance for potentially
interesting constructs to consider; it remains at the discretion
of researchers and developers which and how constructs are
incorporated in their study. At a minimum, we propose to reflect
upon relevant stakeholders and their roles, implementation
complexity, compatibility with target behavior, and work
processes, including the added value of AF and formative
evaluation. Overall, supporting researchers and HCWs in

selecting and integrating TMFs into their development and
implementation process and promoting the explicit reporting
of the theoretical underpinning and substantiation of choices
are highly encouraged [41].

The constructed conceptual framework can be used in future
studies to ensure a comprehensive view of AF for the
transparency and replicability of individual studies. Therefore,
we recommend using the conceptual framework as a checklist
and adding it (including substantiation of choices) as a
supplementary material in future publications. Furthermore,
findings from this study can be used to improve the
professionalization and harmonization of AF studies, which is
important considering the increasing use of AF principles in
learning health care systems [80]. The lack of attention to factors
that support the development of learning health care systems
(eg, organizational culture and cooperation between HCWs and
researchers) is recognized as an important barrier to the
widespread adoption of learning health care systems [81]. As
these aspects are included in the constructed conceptual
framework, it might help future researchers and developers to
explicitly consider and integrate these constructs in their AF or
learning system.

Limitations and Strengths
This scoping review has several limitations. Although a
comprehensive search query was used to search the most
important databases for health research, we only included
peer-reviewed published research and excluded evaluation
studies. As a result, it might be possible that relevant findings
were omitted (eg, from gray literature). Two systematic reviews
on AF for various health targets were screened to ensure that
no relevant publications were missed [1,2]. Another limitation
is that evaluation studies were excluded from this review to
highlight constructs relevant to the development and
implementation, whereas evaluation is critical to know whether
an intervention was successful. Therefore, it will be an important
next step to evaluate AF systems in terms of processes (eg,
improved HH), clinical outcomes (eg, reduced number of
infections and decreased AMR), and technological outcomes
(eg, APM-AF system use and persuasiveness) [82]. Finally,
data extraction relied on the subjective interpretation of the
constructs from the included publications by 1 researcher.
However, the conceptual framework (Table 2 and Table 3)
provided a thorough base for systematic and structured
assessment, and the findings were iteratively discussed and
revised throughout the review process.

Conclusions
This scoping review provides novel insights into the theoretical
underpinning of and reporting on the development and
implementation of AF systems while demonstrating how a
comprehensive conceptual framework can be created and used
and a valuable means for capturing relevant constructs from
heterogeneous studies with varying theoretical underpinnings.
Few studies have explicitly described how choices for AF
systems and their development and implementation processes
were substantiated by TMFs. The interdisciplinary conceptual
framework developed in this study is a first step toward the
professionalization and harmonization of AF development and
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implementation with a sociotechnical approach. It provides
guidance and a comprehensive checklist to guide researchers,
HCWs, and policy makers in making informed choices in the

development and implementation of AF systems, with the aim
of further improving the quality and safety of health care.
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Abstract

Background: Mental health disorders are a leading cause of medical disabilities across an individual’s lifespan. This burden
is particularly substantial in children and adolescents because of challenges in diagnosis and the lack of precision medicine
approaches. However, the widespread adoption of wearable devices (eg, smart watches) that are conducive for artificial intelligence
applications to remotely diagnose and manage psychiatric disorders in children and adolescents is promising.

Objective: This study aims to conduct a scoping review to study, characterize, and identify areas of innovations with wearable
devices that can augment current in-person physician assessments to individualize diagnosis and management of psychiatric
disorders in child and adolescent psychiatry.

Methods: This scoping review used information from the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. A comprehensive search of several databases from 2011 to June 25, 2021, limited to the English
language and excluding animal studies, was conducted. The databases included Ovid MEDLINE and Epub ahead of print,
in-process and other nonindexed citations, and daily; Ovid Embase; Ovid Cochrane Central Register of Controlled Trials; Ovid
Cochrane Database of Systematic Reviews; Web of Science; and Scopus.

Results: The initial search yielded 344 articles, from which 19 (5.5%) articles were left on the final source list for this scoping
review. Articles were divided into three main groups as follows: studies with the main focus on autism spectrum disorder,
attention-deficit/hyperactivity disorder, and internalizing disorders such as anxiety disorders. Most of the studies used either
cardio-fitness chest straps with electrocardiogram sensors or wrist-worn biosensors, such as watches by Fitbit. Both allowed
passive data collection of the physiological signals.

Conclusions: Our scoping review found a large heterogeneity of methods and findings in artificial intelligence studies in child
psychiatry. Overall, the largest gap identified in this scoping review is the lack of randomized controlled trials, as most studies
available were pilot studies and feasibility trials.

(J Med Internet Res 2022;24(3):e33560)   doi:10.2196/33560
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Introduction

Background
The global burden of mental illnesses is daunting. In 2013,
mental illnesses, such as major depression (2nd), anxiety
disorders (7th), schizophrenia (11th), dysthymia (16th), and
bipolar disorder (17th), were listed as some of the leading causes
of years lived with disability [1]. Unipolar major depression
and self-inflicted injuries were at number 2 and 14, respectively,
as the top contributors to the global burden of disease in 2020
[2]. Despite significant advances in medical research, there is
a distinct deficiency in the detection and treatment of psychiatric
disorders, especially in children and adolescents [3]. The
subsequent ramifications are evident. For instance, in 10% of
completed suicides, the adolescent victims had no previously
recorded psychiatric diagnoses [4]. With the increasing adoption
of measurement-based practices in child and adolescent
psychiatry, large volumes of data are being generated from
clinical trials and routine practice. Such well-characterized data
may prove to be fertile opportunities for innovations in data
science and artificial intelligence (AI) to potentially address the
shortcomings and subsequently improve the burden of disease
in these populations.

Current approaches for the evaluation of psychiatric disorders
predominantly rely on physician-patient history taking, collateral
information, and patients’ self-reported questionnaires rather
than objective laboratory tests or neuroimaging biomarkers. As
a result, contemporary psychiatric assessments are inaccurate
and ineffective in providing a reliable and individualized
assessment of symptoms [3]. With growing evidence of large
data-driven approaches (eg, AI) to individualize diagnoses and
treatment management of psychiatric disorders in adults [5-9],
there are opportunities for such a paradigm in child and
adolescent psychiatry. AI approaches simulate humans’ ability
to problem solve, plan, reason, and recognize patterns [3]. In
these processes, computers learn the abilities by processing
massive data sets through multilayered mathematical models
(algorithms) and training methodologies (eg, cross-validation)
improves the AI model’s predictive confidence [10].

Broadly, the field of AI subsumes the methodological paradigms
of computing science. First, machine learning refers to a
programing approach in computer science in which the behavior
of a program is not fully determined by an established code but
can adapt its behavior (ie, learn) based on the data gathered
[11]. Simple neural networks have been used in medicine since
the early 1990s to interpret electrocardiograms (ECGs) [12],
individualized predictions of antidepressant response, and
diagnosis of myocardial infarction [13]. Second, deep learning
is a particular variant of machine learning that is often modeled
using artificial neural networks, which typically consist of
interconnected nodes representing artificial neurons [11]. Deep
learning has been used to design drugs, predict gene mutation
expression, analyze histological examples, and read radiographic
images [14,15]. Third, natural language processing (NLP)
involves training computers to understand text and spoken
languages or words in the way humans communicate [15]. NLP
is well adopted in medicine, where it is used to extract structured

text (eg, diagnosis and treatment context) from unstructured
text (eg, electronic health records). Finally, reinforcement
learning is a field of computing where computers can be trained
to make decisions based on past and current data and a given
context to maximize long-term outcomes. For example,
reinforcement learning has been used in tailoring treatments for
epilepsy and sepsis [16]. These recent AI applications provide
new possibilities for AI use in specialty medical practice, while
projecting future utility in general medical practice [10].

Objectives
AI has been innovating and reshaping medicine but progress in
psychiatry and child and adolescent psychiatry, in particular, is
slow. Most previous research in psychiatry has focused on either
NLP or the integration of various biomarkers to classify certain
disorders such as heart conditions, epilepsy, and various types
of cancer [11]. In addition, limited sustained collaboration
among engineers, data scientists, and mental health providers
has affected the slower adoption of these techniques in
psychiatric practice in comparison with psychiatry and other
medical specialties [10,17]. A review by Shatte et al [18]
discussed the literature focused on adult mental health issues
and machine learning applications. Our unique review aims to
summarize the available research in child and adolescent
psychiatry literature investigating machine learning technology
and AI applications. The second aim is to characterize future
opportunities in AI research in child and adolescent psychiatry.

The growing adoption of wearable technologies (eg, smart
watches) not only helps passively collect large volumes of data
but also opens the doors for using the data to enable remote
diagnostic capabilities in child and adolescent psychiatry.
Remote diagnosis and management of psychiatric diseases in
children is crucial, given the shortage of trained mental health
professionals.

Although wearable devices might support diagnosis and
management in the future, they will not be able to replace health
care professionals and their clinical observations. In this context,
we sought to review studies that gathered data of child and
adolescent patients with psychiatric disorders through practical
means and used passively gathered data for various prediction
mechanisms.

Methods

This scoping review used PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) information
(Multimedia Appendix 1) [19] as a guide and was organized
according to the steps outlined in this section.

Step 1: Developing a Research Question
We identified what was the extent of literature on the use of
wearable devices in the form of AI in child and adolescent
psychiatry. We aimed to gain insight into the following research
objectives: (1) understand how wearable devices are being used
in child psychiatry by exploring the types of devices that are
being used, investigating how these devices are being used in
child psychiatry (aid diagnosis, evaluate treatment efficacy,
make algorithms to predict behavioral outcomes, etc), and
researching which physiological signals are being measured by
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these devices and (2) identify how the clinical knowledge of
various pediatric psychiatric disorders has been expanded
through the use of AI, specifically wearable devices.

Step 2: Literature Search
A comprehensive search of several databases was performed
on June 25, 2021. The search was restricted from the year 2011
through the date the search was conducted. The results were
limited to English language articles. Animal studies were
excluded from this study. The databases searched were Ovid
MEDLINE (≥1946) and Epub ahead of print, in-process and
other nonindexed citations and daily (equivalent to PubMed);
Ovid Embase (≥1988); Ovid Cochrane Central Register of
Controlled Trials (≥1991); Ovid Cochrane Database of
Systematic Reviews (≥2005); Web of Science Core Collection
via Clarivate Analytics (≥1975); and Scopus via Elsevier
(≥1788).

The search strategy was designed and conducted by an
experienced librarian (LH), with input from the study
investigators (APA and MR). Controlled vocabulary
supplemented with keywords was used to search for studies.
The actual strategy, listing all the search terms used and how
they were combined, is available in Multimedia Appendix 2.

Step 3: Study Selection
The study selection process was divided into two phases: (1)
title and abstract screening and (2) full-text article screening.
For the first phase, 2 reviewers (VW and JW) screened the
articles and either excluded them or included them on the source
list. The resulting source list was reviewed by 2 other reviewers
(APA and MR). A full-text article review was then performed
by 2 reviewers (VW and JW) and the final source list was
created.

Step 4: Charting the Data
Most of the study data were extracted by a single researcher
(VW). Another researcher (JW) helped complete 1 column and
reviewed the table after it was completed. The following
information was included in the table: year, sample population
(size and demographics), psychiatric diagnosis, age range,
wearable device used, and the measured physiological
symptoms. The studies were divided based on the participants’
main diagnosis: autism spectrum disorder (ASD),

attention-deficit/hyperactivity disorder (ADHD), and
internalizing disorders (IDs).

Ethics and Dissemination
This proposed scoping review did not require ethics or
institutional review board approval, as data were collected
through the review of published peer-reviewed literature and
gray literature. The results will be submitted for publication in
an open-access peer-reviewed journal and presented at relevant
medical and engineering conferences.

Results

Study Selection
The initial search yielded 344 articles. In all, 2 researchers (VW
and TJW) completed the title and abstract screening process to
narrow down this list. They reviewed papers independently,
and disagreements were reviewed by 2 additional researchers
(APA and MR). During this step, 89.2% (307/344) articles were
omitted because they did not satisfy the inclusion criteria. The
criteria for inclusion of studies for review in the first round of
screening were as follows: the study must use a wearable device
that passively tracked physiological variables in real time
(objective measurements) and the device must be worn by a
patient who had been diagnosed with one or more of the
following psychiatric disorders: oppositional defiant disorder,
conduct disorder, mood disorder (depression, anxiety, and
bipolar disorder), ADHD, learning disability (dyslexia, etc),
autism, or psychotic disorder. A full-text screening of the
remaining 10.8% (37/344) articles was conducted by the same
2 researchers (VW and TJW). Given our focus on child and
adolescent psychiatric illnesses, the criteria for study inclusion
were accordingly altered to focus on child and adolescent
psychiatric patients only (aged 0-18 years), wherein studies
were written in English and published before January 1, 2021.
Eligible designs included randomized controlled trials,
nonrandomized experimental studies, cohort studies, and
case-control studies. In addition, studies that focused on motor
impairment were excluded. The PRISMA flow diagram for the
study selection process is illustrated in Figure 1. After the entire
screening process was completed and reviewed by 2 additional
researchers (APA and MR), 5.5% (19/344) articles were left on
the final source list for this scoping review (Table 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for study selection.
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Table 1. Summary of studies on the use of wearable devices in child psychiatry.

Measured physiological
symptoms

DeviceAgeDiagnosisSample characteristicsYearStudy

HRc, SDNNd, CVe, LFf,

and HFg
ECGb chest strap (Shim-
mer)

18-36 monthsASDa40 participants: 29 males
and 11 females; race not
specified

2018Bilecci et al [20]

QEEGi and HRVjECG chest strap and EEGh

headset (EEG- Enobio
wireless device)

6-8 yearsASD5 participants: all males;
race not specified

2016Bilecci et al [21]

HR, RMSSDk, and RSAlECG chest strap (based off
Shimmer)

6-8 yearsASD5 participants: all males;
race not specified

2017Di Palma et al
[22]

Diurnal activity, sleep effi-
ciency, and circadian regu-
lation

ActiGraph belt (AMIo mo-
tionlogger)

5-18 yearsBPm or ADHDn155 participants: 97
males and 58 females;
race not specified

2016Faedda et al [23]

HRECG chest strap30-72 monthsASD or LDp24 participants: 18 males
and 6 females; race not
specified

2020Fioriello et al
[24]

Skin temperature and skin
conductive data (ac-

Accelerometer wrist strap
(Affectiva Q Sensor), EEG

Not specifiedASDnot specified2014Gayet al [25]

celerometer), EEG powerheadset (MindWave Mo-
spectrums (EEG), and HR,bile), ECG chest strap
HRV, respiration, body(Zephyr BioHarness), and
temperature, and respira-
tion (ECG)

mobile phone app (My-
Media)

HRV, EDAq, and motion-
based activity (accelerome-
ter)

Wrist-worn biosensor
(Empatica E4)

6-17 yearsASD20 participants: 75%
male; 95% White; 90%
non-Hispanic

2019Goodwin et al
[26]

HRV and EDA or GSRrWrist-worn biosensor3-12 yearsASD60 participants: sex and
race not specified

2016Krupa et al [27]

RRs intervalsECG chest strap (Shim-
mer)

Not specifiedASD24 participants: 17 males
and 7 females; race not
specified

2015Kushki et al [28]

Movement data (actigra-
phy via accelerometer)

Smart watch app (Stop-
Watch)

8-17 yearsADHD32 participants: 17 males
and 15 females; race not
specified

2021Leikauf et al [29]

Angular velocity (gyro-
scope) and acceleration in

Smart watch (Asus Zen-
Watch 3)

5-9 yearsADHD30 participants: 11 males
and 4 females with age-
matched controls; race
not specified

2020Lin et al [30]

axial direction (accelerom-
eter)

Acceleration and angular
velocity

IMUu chest strap and
headband (3-Space Sensor;
YEI Technology)

4-8 yearsIDst63 participants: 57% fe-
male; 75% White, non-
Latinx; 11% Asian or
Pacific Islander; 11%

2021McGinnis et al
[31]

African American; 3%
biracial

Acceleration and angular
velocity

IMU chest strap (3-Space
Sensor; YEI Technology)

3-8 yearsIDs63 participants: 57% fe-
male; 65% White; 82.5%
in 2-parent households;

2019McGinnis et al
[32]

32% income >US
$100,000

Motion data (flapping,
rocking, punching, and
hitting)

Accelerometers worn on
wrists, ankles, and upper
body

Not specifiedASD4 participants: sex and
race not specified

2011Min et al [33]

Acceleration and move-
ment patterns

Accelerometers worn on
wrists and ankles (Run-
scribe inertial sensors)

6-16 yearsADHD36 participants: 15 males
and 3 females with non-
matching controls; race
not specified

2019Munoz-Organero
et al [34]

Linear motionAccelerometer embedded
in a smart watch

5-11 yearsADHD10 participants: sex and
race not specified

2020Ouyang et al [35]
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Measured physiological
symptoms

DeviceAgeDiagnosisSample characteristicsYearStudy

Skin conductance levels

and NS-SCRsv (EDA data)

Wrist-worn biosensor
(Empatica E4)

8-16 yearsASD6 participants: sex not
specified; 4 White; 2
Latin American or His-
panic

2019Pfeiffer et al [36]

HR, HRV, electrical prop-
erty fluctuations in the skin
(EDA data), motion (ac-
celerometer), and peripher-
al skin temperature (in-
frared thermophile)

Wrist-worn biosensor
(Empatica E4)

8-12 yearsIDs5 participants: sex and
race not specified

2020Redd et al [37]

Motion complexity (ac-
celerometer, gyroscope,
and magnetometer)

Ankle-worn biosensors
(APDM Opal; APDM
Wearable Technologies)

3-12 monthsASD5 participants: sex and
race not specified

2021Wilson et al [38]

aASD: autism spectrum disorder.
bECG: electrocardiogram.
cHR: heart rate.
dSDNN: SD of the averaged normal sinus RR intervals for 5-minute segments.
eCV: time interval between 2 consecutive R waves.
fLF: low frequency.
gHF: high frequency.
hEEG: electroencephalography.
iQEEG: quantitative electroencephalography.
jHRV: heart rate variability.
kRMSSD: root-mean square of the successive normal sinus RR interval difference.
lRSA: respiratory sinus arrhythmia (indicator of autonomic function).
mBP: blood pressure.
nADHD: attention-deficit/hyperactivity disorder.
oAMI: acute myocardial infarction (motionlogger ActiGraph belt).
pLD: learning disability.
qEDA: electrodermal activity.
rGSR: galvanic skin response.
sRR interval, the time elapsed between 2 successive R waves of the QRS signal on the electrocardiogram.
tID: internalizing disorder.
uIMU: inertial measurement unit.
vNS-SCR: nonspecific skin conductance response.

Introductory Information
The studies on the final source list were published between 2011
and 2021, and were spread across the world with most being
conducted in the United States. In addition, the growth rate of
research in this field increased substantially after 2018. The
following sections provide a synopsis of each of the sources
organized into the 3 categories previously outlined.

Studies Focused on ASD
Most studies (11/19, 58%) [20-22,24-28,33,36,38] focused on
how the use of wearable devices could be used to aid in the
treatment, behavioral prediction, and diagnosis of children with
ASD. Although each study analyzed patients with ASD, the
objectives and methods varied greatly among the studies. Several
studies used ECG chest straps [20-22,24,25,28] for the most
part to categorize the autonomic nervous system responses in
patients with ASD during various tasks. For example, a study
by Bilecci et al [20] used ECG strap during a joint attention
stimuli in toddlers with ASD. The ECG chest strap measured

SD of the average normal sinus RR intervals (the time elapsed
between 2 successive R waves of the QRS signal on the ECG)
for 5-minute segments, heart rate (HR), CV (time interval
between 2 consecutive R waves), low frequency (changes in
sympathetic regulation), and high frequency (changes in
parasympathetic regulation). The results showed that the SD of
the average normal sinus RR intervals for 5-minute segments,
CV, and low frequency values were significantly higher in the
ASD group than in the control group at baseline. In addition,
the CV was significantly higher in the ASD group during the
joint attention task. These findings suggest that joint attention
tasks coupled with wearable devices could potentially help
physicians diagnose autism in toddlers.

A longitudinal study by Di Palma et al [22] mediated
sociocognitive tasks through serious games allowed for the
coding of child behavior. Children received treatment for 6
months while being monitored by an ECG wearable chest belt.
The serious games consisted of joint attention tasks and imitation
exercises and the ECG belt measured HR, respiratory sinus
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arrhythmia (RSA; indicator of autonomic function), and
root-mean square of the successive normal sinus RR interval
difference. There was an increase in HR events during
sociocognitive tasks. Researchers also found a correlation
between detected physiological events and the level of
involvement of the child during the task, along with a decrease
in RSA and root-mean square of the successive normal sinus
RR interval difference during activity which indicates proficient
social interaction. Over time, patients displayed an increased
percentage of physiological events associated with lower RSA
during activity, which suggests improvement in cognitive
engagement throughout the course of treatment. These predictive
algorithms could be used at home by parents, at school by
teachers, and in the clinic by therapists to create more
individualized therapy plans.

Several studies used electroencephalography (EEG) in addition
to ECG measures [21,25]. Bilecci et al [21] focused on obtaining
quantitative EEG (pattern analysis of EEG) that was meant to
determine treatment efficacy. Participants with ASD were
monitored during a socioemotive interaction to implement a
more individualized and effective treatment plan for these
children. The results showed that all children yielded different
measurements which emphasizes the importance of
individualized therapy. The use of an AI device such as this
would allow therapists to track a child’s engagement so that
they can tailor their therapy to the child’s specific needs.
Another study, in addition to measurement of EEG and ECG,
also used an accelerometer wrist strap and created a mobile
phone app called MyMedia and MySchedule [25]. The 6 main
emotions that the app was designed to capture were happiness,
sadness, fear, disgust, surprise, and anger. The sensors and facial
recognition detected pupil dilation, skin conductance, HR or
HR variability, blood pressure, concentration, and attention
levels through a headset, watch, and chest strap. This method
could provide a personalized way for autistic children and their
caregivers to understand and manage their emotions.

Many of the studies used wrist-worn biosensors [26,27,36].
Some of the studies used accelerometers worn on various body
parts such as wrists [25], ankles [38] as well as wrists, ankles,
and upper body [33]. Using the Empatica E4 (Empatica, Inc)
device study by Goodwin et al [26] investigated whether
collecting and analyzing physiological and motion data from
children with ASD during naturalistic observations could predict
aggression. This wrist-worn sensor measured cardiovascular
and electrodermal activity, along with detecting motion using
an accelerometer. The results suggested that aggression to others
can be predicted 1 minute before it occurs if biosensor data are
collected for 3 minutes before the aggressive behavior. In this
study, aggression was defined as hitting, kicking, biting,
scratching, grabbing, pulling, pinching, or throwing objects at
others. To make binary aggression predictions, a
ridge-regularized logistic regression was used with the extracted
time series features as input variables. This method had 84%
average prediction accuracy and the average duration of
aggressive episodes was 28 seconds.

Wilson et al [38] used wearable ankle sensors to diagnose ASD
in children. Many believe that motor dysfunction may be
predictive of ASD and the study used wearable ankle sensors

to track full-day motor activity in infants with a high familial
risk for ASD. These sensors contained a 3D-accelerometer, a
3D-gyroscope, and a 3D-magnetometer. Leg movement data
were collected when the participants were aged 3, 6, 9, and 12
months, and an autism diagnostic tool was used to evaluate each
child at the ages of 18 and 36 months. On the basis of the
movement data collected from the sensors, the researchers were
able to construct a new measure of motion complexity defined
in terms of the variability of the frequency components
underlying the observed movements. The results of the study
showed that high-risk infants with a later diagnosis of ASD
showed lower motion complexity compared those who were
not diagnosed later. In fact, there was a stronger correlation
between motion complexity and ASD outcome relative to
cognitive ability and adaptive skills, making this method a
promising diagnostic tool.

A study by Krupa et al [27] also used a wearable wristband that
measured the galvanic skin response and HR variability
(indicators of the autonomic nervous system) for diagnostic
purposes. The machine was also used to determine a child’s
current emotion. The results showed that the machine could
differentiate children with ASD from normally developing
children with 65% accuracy. In addition, it could differentiate
neutral from emotion with 93.33% accuracy and happiness from
involvement with 90% accuracy.

An intervention study by Pfeiffer et al [36] evaluated how well
in-ear and overear headphones can decrease sympathetic
activation in children with ASD and associated auditory
hypersensitivity (hyperacusis) by measuring skin conductivity
through electrodermal activity. Empatica E4 wristbands
collected electrodermal activity data, as skin conductance is an
indicator of stress or anxiety levels, and hyperacusis is
associated with stress and anxiety. The results showed that in-ear
and overear noise attenuating headphones led to a significant
difference in both skin conductance levels and frequency of
nonspecific conductance responses in subsequent phases of the
study compared with the baseline measurements completed at
the beginning of the study.

Studies Focused on ADHD
A small percentage of the studies (5/19, 26%) [23,29,30,34,35]
examined how the use of wearable devices could be used to
accurately diagnose ADHD and evaluate the treatment efficacy
of various strategies used to treat children with ADHD.
Although each of the studies in this category had different
methods and objectives and collected different physiological
measurements, all the devices used in these studies used an
accelerometer [23,29,30,34,35].

In all, 11% (2/19) of studies used a smart watch application
[29,30]. Leikauf et al [29] conducted a pilot study on the efficacy
of StopWatch, a smart watch application designed to track
movement and provide visual and haptic feedback regarding
the movement data collected for patients with ADHD. As this
application collected movement data via an accelerometer, this
study focused specifically on the hyperactivity aspect of ADHD.
In a similar study, researchers used data collected from the
gyroscope and accelerometer placed in a smart watch to analyze
the movements of children with ADHD [30]. They compared
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the ADHD cohort to an age- and sex-matched control group to
determine whether these types of measurements could be used
to diagnose children with ADHD. After collecting data for 2
hours for 3 consecutive days in a naturalistic setting, the data
suggested that children with ADHD had more variable and
frequent movements than the controls. The Zero-Crossing Rate
values across all 3 axes of the gyroscope were higher in the
ADHD group; however, only the variance across the y-axis
yielded a significant difference.

Munoz-Organero et al [34] used 4 triaxial accelerometers
(placed on both wrists and ankles) to analyze movement patterns
in normally developing children; patients with ADHD, who
were medicated; and patients with ADHD, who were
nonmedicated. They then used the data collected to propose a
recurrent neural network to characterize the movement patterns
of normally developing children that can be used to assess the
similarity of new patients, which could potentially direct
diagnosis. The results demonstrated that patients with ADHD,
who were nonmedicated, showed higher differences medium
intensity movements compared with normally developing
patients whereas patients with ADHD, who were medicated,
showed different behavior in their low intensity movements.

The final study in this category aimed to develop an objective
method of evaluating the therapeutic effects of ADHD
treatments by placing an accelerometer in their smart watch that
recorded the movements of these patients [35]. The variance
values of the accelerometer data before and after 1 month of
using the medication methylphenidate were compared to
determine the treatment efficacy of this drug. The Swanson,
Nolan, and Pelham questionnaire (a subjective measure of
treatment efficacy) was then compared with the accelerometer
results, and the correlation between the 2 measurements was
moderately strong. In addition, the variance values along the y-
and z-axes of the accelerometers significantly decreased after
1 month of medication use, suggesting that the medication
helped patients with ADHD.

A study by Faeda et al [23] used an ActiGraph belt (acute
myocardial infarction motionlogger) and aimed to determine
whether measures of activity, sleep, and circadian rhythm could
be used to differentiate pediatric patients with bipolar disorder
from pediatric patients with ADHD. They compared three
different study groups: children with ADHD, children with
bipolar disorder, children with ADHD and a comorbid
depressive disorder and typically developing children. Each of
these groups of children wore an ActiGraph belt for 3 to 5 days,
which measured arousal, circadian rhythms, and sleep
wakefulness cycles. The results showed that sleep duration and
circadian strength measurements differed between children with
ADHD and those with bipolar disorder. In addition, children
with bipolar disorder had reduced measures of total sleep,
reduced relative circadian amplitude, and increased nocturnal
activity relative to the control group as well as both ADHD
groups. This study suggests that wearable devices and AI may
aid in the diagnosis of these overlapping pediatric disorders.

Studies Focused on IDs
A few studies (3/19, 16%) [31,32,37] investigated the
identification children with IDs using wearable devices and

predicted their adverse behavioral outcomes through machine
learning and AI.

McGinnis et al [31] aimed to develop a digital phenotype for
childhood internalizing psychopathology based on data collected
from a wearable inertial sensor. Data were recorded while the
child completed three different tasks: the bubbles task (induced
positivity), snake task (induced anxiety), and speech task
(induced fear). The sensors were placed on both the head and
waist of the child and acceleration and body movements were
measured with an inertial measurement unit. They found that
the children with IDs burned out quicker during the bubbles
task and that it helped identify depressive, anxious, and
trauma-related disorders. On the other hand, the snake task
helped identify children with withdrawn, anxious, and depressive
problems, oppositional problems, and specific phobias.
Similarly, the speech task identified children with withdrawn,
anxious, and depressive problems. After analyzing these results,
they found that the phenotype from features that measured
reward responsiveness could accurately detect children with
underlying internalizing psychopathology with 75% accuracy.

Redd et al [37] investigated whether tracking physiological
signals, such as HR, skin electrodermal activity, and skin
temperature, could help predict a meltdown to facilitate earlier
and more effective intervention. These measurements were
recorded using a wrist-worn biosensor that incorporated blood
volume pulsivity measurements, an electrodermal activity sensor
to measure electrical fluctuations in the skin, a 3-axis
accelerometer to measure overall motion and activity, and an
infrared thermophile used to measure peripheral skin
temperature. Parents also recorded their observations, and then
the observations and physiological data were compared to create
a predictive algorithm. The results showed that this model can
accurately classify the behavioral states of children with 68%
accuracy; however, only 4 meltdowns were recorded during the
study which means that more data need to be collected and
analyzed.

Discussion

Principal Findings
The primary outcome of this scoping review was a
characterization of 19 studies of child and adolescent patients
with ASD, ADHD and ID that gathered data through practical
means and used passively gathered data for various prediction
mechanisms.

From the included studies we were able to provide a descriptive
analysis of currently available devices used to passively gather
data in AI trials. Most of the studies used either ECG strap or
wrist-worn biosensor. This is somewhat surprising as, for
example. studies by Fioriello et al [24] and Kushki et al [28]
could only collect data on HR via ECG chest strap, whereas
many of the commercially available wrist watches can collect
significantly more data [39].

The information obtained from this review can guide future trial
development. Only 1 trial [23] had a high number of participants
(N=155). Other trials [33] managed to enroll only 4 participants.
We were not able to find any trials on children and adolescents
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specifically with major depressive disorder or suicidality. Only
1 trial [23] compared children with ADHD and children with
bipolar disorder; however, no studies specifically addressed
children with bipolar disorder or psychosis. There were also no
trials that gathered data during inpatient hospitalization or during
evidence-based outpatient treatment that children would
typically receive. No studies obtained data from parents as well
during the trials focusing only on children.

All the studies summarized focused on detecting behavioral
changes in patients. This leaves opportunities to innovate with
the data to actuate the detected behaviors using reinforcement
learning approaches. Particularly, if a state of behavior is
predicted before it visibly manifests, there is an opportunity to
alert responsible adults nearby to intervene using proven
interventions. Such timely interventions may prove to be a
positive reinforcement for children, who otherwise are penalized
for unacceptable behavior. In older patients (ie, adolescents vs
young children), physiology-based triggers (eg, based on HR
variability) with an action message (eg, performing breathing
exercises for 30 seconds) may be helpful in forcing a positive
change in behavior or mood.

Feature extraction and feature engineering are the key aspects
of machine learning and AI efforts using wearable data [40]
Given the heterogeneity in the types of devices and clinical
questions being researched, approaches to extract signals from
wearable data widely differed among the literature reviewed in
this work. Feature extraction methods (eg, principal-component
analysis, locally linear embedding, and autoencoding) will
facilitate the identification of wearable-derived measures
associated with clinical diagnosis or outcomes. Feature
engineering uses wearable-derived measures to develop features
for downstream analyses using domain-guided knowledge (eg,
deriving motion features from raw accelerometer data).
Determining the feature extraction or engineering approach is
dependent on the nature of the clinical question being posed
and types of measurements derived from wearables.

As AI in child and adolescent psychiatry is an emerging field,
there are obvious gaps that will continue to be explored. Most
of the papers focused on using the technology for diagnostic
purposes, specifically ASD and ADHD. We believe that these
emerging technologies can be used in other diagnostic categories
such as mood, anxiety, and psychosis. There is also much room
to innovate in the realm of intervention, treatment, and public
health.

Limitations
Our study had several limitations. We did not conduct a
systematic review or prospectively register a protocol. This was
expected to be a nascent area; hence, a scoping review was most
appropriate. Another limitation is the potential that we have
missed important original literature on the use of mobile and
wearable AI in child psychiatry. This was mitigated by an
extensive search of multiple databases, searching references of

included articles, and ensuring duplicate review of all the
abstracts and full-text. We chose not to include nonoriginal or
non–peer-reviewed research and non-English articles. This
might have led to us missing key conclusions drawn from this
research. We also did not examine each of the machine learning
technologies in detail but rather resorted to a brief description
of the methods used in each of the studies.

Conclusions
This scoping review provides a comprehensive assessment of
the literature on the use of mobile and wearable AI in children
with ASD, ADHD, and ID. Our scoping review found large
heterogeneity of methods and findings in AI studies in child
psychiatry. Overall, the largest gaps identified in this scoping
review are the lack of randomized controlled trials, as most
studies available were pilot trials. The definition of digital
biomarkers used in these studies seems to be very wide. The
studies included in the review had a small number of
participants. Nevertheless, our scoping review identified several
key strengths across the disorders considered in this study. First,
wearable technologies comprising multiple sensors (eg, HR,
sleep, and accelerometers) demonstrate promise in the diagnosis
and prediction of aspects of disorders spanning child and
adolescent psychiatry. Second, analytic solutions using data
from wearables and expert annotations of child behavior can
predict the onset of behavioral changes relevant to psychiatric
disorders. Hence, given the growing ubiquity of wearables
across the age span (children to parents, guardians, or teachers),
our review strongly suggests the incorporation of wearables in
child and adolescent psychiatry research. Such integration would
be pivotal in facilitating remote monitoring and remote
psychiatric services, which will likely help reduce disparities
in mental health care access because of a shortage of child and
adolescent psychiatrists. From a research perspective, the
interaction of wearable biomarkers with conventional
biomarkers (eg, genomics, metabolomics, neuroimaging, EEG,
and environmental exposures) in the context of the diagnosis,
treatment, and management of psychiatric disorders is yet to be
pursued in large studies. Finally, the integration of wearables
in child and adolescent psychiatry research should extend
beyond controlled research settings to allow the extraction of
the benefits of AI approaches. Naturalistic studies should look
to collect annotations of children’s behavior as observed in their
daily life at home, day care, or school and expand the
involvement of relevant stakeholders in studies, wherein not
only are parents annotating behaviors but also teachers, social
workers, and counselors. Such a collection of annotated data
from a real-world environment where children and adolescents
develop will also provide opportunities to innovate with AI
approaches such as reinforcement learning. Future directions
should focus specifically on enrolling larger number of more
diverse groups of patients. Future research should also focus
on assessing which tools, mobile and wearable, are most
efficient in collecting the most reliable data in various patient
populations, as the primary outcome of interest.
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Abstract

Background: Electronic health record (EHR) system users devise workarounds to cope with mismatches between workflows
designed in the EHR and preferred workflows in practice. Although workarounds appear beneficial at first sight, they frequently
jeopardize patient safety, the quality of care, and the efficiency of care.

Objective: This review aims to aid in identifying, analyzing, and resolving EHR workarounds; the Sociotechnical EHR
Workaround Analysis (SEWA) framework was published in 2019. Although the framework was based on a large case study, the
framework still required theoretical validation, refinement, and enrichment.

Methods: A scoping literature review was performed on studies related to EHR workarounds published between 2010 and 2021
in the MEDLINE, Embase, CINAHL, Cochrane, or IEEE databases. A total of 737 studies were retrieved, of which 62 (8.4%)
were included in the final analysis. Using an analytic framework, the included studies were investigated to uncover the rationales
that EHR users have for workarounds, attributes characterizing workarounds, possible scopes, and types of perceived impacts of
workarounds.

Results: The SEWA framework was theoretically validated and extended based on the scoping review. Extensive support for
the pre-existing rationales, attributes, possible scopes, and types of impact was found in the included studies. Moreover, 7 new
rationales, 4 new attributes, and 3 new types of impact were incorporated. Similarly, the descriptions of multiple pre-existing
rationales for workarounds were refined to describe each rationale more accurately.

Conclusions: SEWA is now grounded in the existing body of peer-reviewed empirical evidence on EHR workarounds and, as
such, provides a theoretically validated and more complete synthesis of EHR workaround rationales, attributes, possible scopes,
and types of impact. The revised SEWA framework can aid researchers and practitioners in a wider range of health care settings
to identify, analyze, and resolve workarounds. This will improve user-centered EHR design and redesign, ultimately leading to
improved patient safety, quality of care, and efficiency of care.

(J Med Internet Res 2022;24(3):e33046)   doi:10.2196/33046

KEYWORDS

electronic health records; electronic medical records; framework; patient safety; unintended consequences; usability; workarounds;
workflow
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Introduction

Electronic health record (EHR) systems are the backbone of
modern health care organizations. This is in pursuit of promising
gains in patient safety, quality of care, efficiency, and control
of spiraling costs by enabling value-based reimbursements.
However, realizing these expected benefits is far from a given
value. Over the years, an overwhelming number of studies have
reported that EHRs have led to a multitude of unintended
consequences. Examples include potential patient harm resulting
from bad EHR usability [1,2]; increased odds of burnout of
health care professionals [3,4]; physicians experiencing stress
[5]; users spending an equal amount of time on desktop medicine
as they spend on having face-to-face interaction with patients
[6,7]; extensive copy and paste practices of patient notes leading
to note bloating, internal inconsistencies, and errors [8]; and
the unavailability of complete clinical information at the point
of care [9].

Many causes of unintended consequences of EHR use can be
traced back to discrepancies between the behavior, intentions,
and expectations of EHR users and the workflows dictated by
EHRs [10-15]. When EHR users experience workflow
mismatches, they often create workarounds [16]. Workarounds
are practices that handle exceptions to normal workflow [17]
and do not follow the rules, assumptions, workflow regulations,
or intentions of systems designers [18]. Although workarounds
allow EHR users to proceed in accomplishing tasks in their
preferred way (with or without the EHR), research shows that
workarounds frequently jeopardize the safety, quality, and
efficiency of care [19]. Given their common adverse effects,
workarounds are valuable points of departure for improving the
EHR design and redesign.

Blijleven et al [20] developed the Sociotechnical EHR
Workaround Analysis (SEWA) framework for identifying,
analyzing, and subsequently resolving EHR workarounds. The
framework was inspired by the Systems Engineering Initiative
for Patient Safety (SEIPS) framework [21]. The SEWA
framework incorporates four angles: the different rationales
EHR users have for creating workarounds (eg, memory aid and
required data entry option missing), the stakeholders affected
by a workaround (eg, patient and health care professional), the
impact of a workaround (eg, on safety and efficiency), and
inherent attributes of workarounds (eg, unavoidable, repetitive,
and cascading).

The SEWA framework [20] was based on approximately 200
hours of audiovisual material of user–EHR interaction and

semistructured follow-up interviews in a single large case study
in an academic hospital setting [19,22]. However, the authors
argued that the applicability of the framework in other contexts
might be limited, such as in nonacademic hospitals or in
hospitals where paper-based workarounds (eg, for ordering
drugs) are still allowed. Therefore, they recommended
validation, refinement, and enrichment of the framework by
incorporating workarounds and related rationales, attributes,
possible scopes, and types of consequences identified in other
EHR workaround–related research and clinical contexts.

To address these shortcomings, a scoping literature review was
performed to identify and map the available evidence on EHR
workarounds [23]. This paper presents a revised version of the
SEWA framework, with rationales, attributes, possible scopes,
and types of impact described in workaround-related studies in
the EHR, electronic medical record, and computerized physician
order entry domains in primary, secondary, and tertiary care
contexts published between 2010 and 2021.

Methods

Search Strategy
The MEDLINE, Embase, CINAHL, Cochrane, and IEEE
databases were searched for relevant studies. We included
original, full papers of research with empirical data and
conference papers if there were no full papers published in the
same study. Gray literature, such as books, was not considered.
The search queries included the keywords EHR, electronic
health record, and workaround(s) and their synonyms. As the
aim was to identify new rationales, attributes, consequences,
and scopes of EHR workarounds for the enrichment of the
SEWA framework, we defined the searches as broad as possible.
Pilot literature searches were conducted to check the
appropriateness of the queries. During the pilot searches, the
term workflow was used as a possible synonym for workarounds.
The inclusion of this term led to a much larger pool of possible
studies. However, most of these studies were focused on care
processes that have no relation with EHR use and were thus,
out of scope. Therefore, this term was excluded from search
queries. Furthermore, to include the complete spectrum of
possible EHRs, a combination of the terms
health/medical/patient/health care/clinical record and
electronic/digital/online was used. The results of this pilot
evaluation were used to adjust the queries. The used queries are
shown in Table 1.
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Table 1. Search queries used for the scoping review.

QueryDatabaseDate of
search

([([([(((((health record*) OR medical record*) OR patient record*) OR health care record*) OR clinical record*)
AND electronic] OR digital) OR digitized] OR online) OR online] OR [([Electronic Health Records (MeSH Terms)]
OR electronic health record*) OR EHR] OR [([Medical Records Systems, Computerized (MeSH Terms)] OR com-
puterized patient record) OR computerised patient record]) AND ([(workaround*) OR work around*] OR
workaround*)

MEDLINEApril 9,
2021

(workaround OR workaround* OR workaround OR workaround*) AND

([(health record* OR medical record* OR patient record* OR health care record* OR clinical record*) AND
(electronic OR digital OR online OR online OR digitized OR digitised)] OR [electronic health record* OR ehr OR
electronic medical record* OR emr] OR [computerized patient record OR computerised patient record])

EmbaseApril 9,
2021

(workaround OR work around OR workarounds) AND ([(health record OR medical record OR patient record OR
health care record OR clinical record) AND (electronic OR digital OR [online OR online] OR [digitized OR digi-
tised])] OR [electronic health record* OR EHR OR electronic medical record* OR EMR] OR [computerized patient
record OR computerised patient record])

CINAHLApril 9,
2021

([([([(workaround*) OR work around*] OR workaround*)])] AND [([health record OR medical record OR patient
record OR health care record OR clinical record] AND [electronic OR digital OR (online OR online) OR (digitized
OR digitised)]) OR (electronic health record* OR EHR OR electronic medical record* OR EMR) OR (computerized
patient record OR computerised patient record)])

IEEEApril 9,
2021

(workaround*): ti, ab,kw OR (work-around*): ti, ab, kw OR (work around*): ti, ab, kw AND ([(electronic health
record*): ti, ab, kw OR (health record*): ti, ab, kw OR (medical record*): ti, ab, kw OR (patient record*): ti, ab,
kw OR (health care record): ti, ab, kw OR (EHR): ti, ab, kw OR (EMR):ti, ab, kw OR (clinical record):ti, ab, kw
OR ([computerized patient record]: ti, ab, kw OR [computerized patient record]: ti, ab, kw)] AND [electronic]: ti,
ab, kw OR [digital]: ti, ab, kw OR [online]: ti, ab, kw OR [online]: ti, ab, kw OR [digitized]: ti, ab, kw OR [digitised]:
ti, ab, kw)

CochraneApril 9,
2021

Selection Criteria
The inclusion and exclusion criteria were chosen through
discussions among the reviewers (FH, VB, and MJ). As the
focus of this scoping review was on workarounds in EHR use,
it was decided to exclude studies focused on barcode medication
administration systems as these systems serve only 1 purpose
and cover only a small part of the medication process.
Furthermore, the choice was made to exclude research focused
on EHR functionalities other than those aimed at supporting
the clinical process. To ensure data quality, a study was excluded
if the research methods were not reported or in case the study
had not been peer reviewed. Furthermore, research published
before 2010 was excluded as EHRs have undergone significant
changes and improvements over the years. Finally, the inclusion
and exclusion criteria were chosen.

The study inclusion criteria were as follows:

1. The health care setting of the study must be either ≥1 of
primary, secondary, or tertiary care.

2. Workarounds were studied or reported in the context of
EHR use.

3. The article was published between 2010 and 2021.

Studies were excluded if they met any of the following criteria:

1. The research focused on EHR functionalities other than
those aimed at supporting within the clinical process.

2. The research focused on a barcode administration
functionality.

3. The article was not written in English.
4. There was no access to the full-text article.
5. The article was not peer reviewed.
6. The research methods were not reported.

Article Selection
A literature search was conducted in April 2021. A total of 737
potentially relevant studies were retrieved from our initial search
of electronic databases, more specifically MEDLINE (263/737,
35.7%), Embase (121/737, 16.4%), CINAHL (89/737, 12.1%),
IEEE (58/737, 7.9%), and Cochrane (206/737, 27.9%). The
results of the study selection process are shown in the PRISMA
(Preferred Reporting Item for Systematic Reviews and
Meta-Analyses) flowchart in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Item for Systematic Reviews and Meta-Analyses) flowchart of the study selection process. CPOE: computerized
physician order entry; EHR: electronic health record.

The retrieved 737 studies were uploaded to EndNoteX9
(Clarivate), in which duplicates were first removed by both
using EndNoteX9 and by performing a manual check (Figure
1). This led to 79.6% (587/737) of unique studies. These studies
were reviewed by two independent reviewers (FH and VB).
The 2 reviewers first independently screened the titles and
abstracts of the eligible papers to evaluate whether they met the
inclusion criteria. Of the 587 studies, 116 (19.8%) studies met
the inclusion criteria, and 471 (60.2%) studies were excluded
(because of, for example, workarounds not being focused on
the EHR, not being a scientific research article, and no
workarounds mentioned). Afterward, the reviewers
independently screened the full texts of these 116 studies,

leading to 62 (53.4%) included studies and 54 (46.6%) excluded
studies (eg, no full-text available and methods inappropriately
described). After each screening phase, the two reviewers (FH
and VB) discussed their findings. The next screening phase was
conducted only if a consensus was reached between the 2
independent reviewers. If a disagreement between the 2
reviewers could not be resolved by discussion, a third
independent reviewer (MJ) was involved. After consensus was
reached, interrater reliability was reported by calculating the
Cohen κ. The interrater agreement was also calculated to show
the extent to which the reviewers were able to reconcile through
discussion [24]. For the first round (title and abstract screening),
the Cohen κ value was 0.958, and the interrater agreement value
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was 0.985. For the second round (full-text screening), the Cohen
κ value was 0.930, and the interrater agreement value was 0.966.

Data Analysis of Included Articles
Descriptive data from the included articles, such as title, authors,
year of publication, study setting, functionalities of EHR studied,
and research methods used, were captured in a generic overview
per study (Multimedia Appendix 1). Workaround-related data
from the included articles, such as workaround rationales,
attributes, consequences, and scope, were captured in an analytic
frame per study (Multimedia Appendix 2).

The data extracted from the included articles were compared
with the SEWA framework on a study-by-study basis. In doing
so, SEWA was supplemented with new rationales, attributes,
possible scopes, and types of impact of EHR workarounds that
were not previously included. After the analysis was completed,
an updated (graphical) version of the SEWA framework was
created.

Results

General Characteristics
The general characteristics of the 62 studies are shown in Table
2. There was an approximately even split in studies published
between 2010 and 2015 and between 2016 and 2021. The study
settings were almost equally distributed, with most (23/62, 37%)
being set in tertiary care, such as academic hospitals and special
care units. The largest group of studies (28/62, 45%) focused
their research on the EHR overall. Of the 62 studies, 17 (27%)
studied medication-related functionalities or EHR-integrated
systems, such as computerized physician order entries.
Approximately half (28/62, 45%) used or included a
combination of physicians, nurses, and other staff such as
pharmacists and administrative personnel as participants. Of
the 62 studies, 26 (42%) used a combination of methods such
as observations, interviews, and questionnaires, 15 (24%) used
interviews as the sole method, 5 (8%) solely used questionnaires,
7 (11%) solely used observational methods, and 9 (15%) used
other methods such as think-aloud protocols and documentation
analysis.
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Table 2. General characteristics of the included studies (N=62).

Values, n (%)Study characteristics

Year of publication

30 (48)2010-2015

32 (52)2016-2021

Study setting

18 (29)Primary care

21 (34)Secondary care

23 (37)Tertiary care

Functionalities of EHRa studied

17 (27)Medication-related (eg, prescribing and CPOEb)

8 (13)Documentation

28 (45)Overall EHR

9 (15)Others (eg, alert systems and authentication process)

Type of population

9 (15)Physicians

13 (21)Nurses

12 (19)Others (eg, pharmacists or administrative staff such as managers,

assistants, secretary, or not mentioned)

28 (45)Combination of users

Methods

7 (11)Observations

15 (24)Interviews

5 (8)Questionnaires

9 (15)Others (eg, think-aloud and documentation analysis)

26 (42)Combination of ≥1 observation, interview, questionnaire, or other

aEHR: electronic health record.
bCPOE: computerized physician order entry.

Validation, Refinement, and Enrichment of the SEWA
Framework

Overview
Evidence for the work system components, rationales, attributes,
type of impact, and possible scopes contained in the original
SEWA framework was found in the included studies. Moreover,
we refined and enriched the original framework with 7
rationales, 4 attributes, and 3 types of impact. The following
subsections elaborate on the work system components,
rationales, attributes, possible scopes, and types of impact.

Work System Components
Support for all 5 work system components was found in the
included studies, as shown in Table 3. No new work system
components were identified. However, we made 1 change to
the work system component EHR system, which we renamed
to EHR system and related technology. The latter was
incorporated to also cover workarounds stemming from the use
of technology other than the EHR but used in parallel with the
EHR, such as scanners [25].
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Table 3. Overview of work system components and related included studies.

StudiesDescriptionWork components

[20,26-28]Health care professionals developing and using EHRa workaroundsPerson(s)

[20,25-27,29-31]The EHR and related information technology used by health care professionalsEHR system and related technology

[20,27,28,30,31]Organizational conditions (eg, care directives and hospital policies) under which clinical
tasks and EHR use are performed

Organization

[20,26,27]The environment (eg, outpatient examination room and inpatient ward) and its conditions
(eg, lighting and noise) in which clinical tasks are conducted by health care professionals

Physical environment

[20,26,28,30-32]Clinical tasks performed by health care professionalsTask(s)

aEHR: electronic health record.

Rationales
The rationales for workarounds contained in the original SEWA
framework were confirmed in many studies. In addition, 7 new
rationales were identified.

Under the work system component person(s), one rationale was
added: trust (Table 4). Multiple studies reported that users
created workarounds because of insufficient trust in the (new)
system or its capabilities while frequently maintaining trust in
older systems (replaced by the EHR). The related causes of a
lack of trust are a lack of perceived usefulness of the (new)
system and insufficient confidence in (completeness) of the data
available in the EHR [33-39]. The description of the rationale
awareness has been refined to also cover awareness of the
information needs of patients and not just of colleagues [40].
Likewise, the description of the rationale social norms has been
refined to make cultural [30,41] and collaborative [27,42]
aspects more explicit.

Although extensive support in the included studies was found
for all rationales under the work system component EHR system
and related technology, except patient data specificity, four
additional rationales were identified: data integration, enforced
actions, data quality, and interoperability (Table 5). The

description of the pre-existing rationale technical issues has
been refined to cover technical issues related to ancillary
technology used in conjunction with the EHR.

Multiple studies provide support for all rationales under the
work system component organization except for the rationale
data migration policy (Table 6). No new rationales were
identified.

Although support was found for the pre-existing rationales under
task(s), one rationale was added: task complexity (Table 7).
Approximately 3% (2/62) of studies described that the EHR
does not always sufficiently support the execution of a complex
task at hand [34-39]. Therefore, health care professionals resort
to workarounds to make their workflow more digestible.

Finally, the SEIPS work system component physical
environment was incorporated into the original SEWA
framework without any rationale. However, Dudding et al [25]
mentioned that a busy, fast-paced environment where
interruptions are constant, such as the neonatal intensive care
unit, gives rise to EHR workarounds. The rationale here is
“fast-paced environment” and is described as “devising
workarounds to cope with the inability to, for example, update
the documentation in fast-paced care environments where
interruptions are constant” [25].

Table 4. Overview of rationales for the work system component person(s) and related included studies.

StudiesDescriptionRationales

[20,33,34,39,43,44]Not knowing how to use (a part of) the EHRa to accomplish a taskDeclarative knowledge

[20,28,34,39,44]Knowing how but not being proficient enough to use a part of the EHR to accomplish a taskProcedural knowledge

[20,34,39,43,45-47]Writing patient data down on paper (eg, keywords) or adding visual elements to parts of text in a
progress note (eg, boldfacing, italicizing, or underlining) to remind oneself

Memory aid

[20,39,40,48]Storing patient data that are perceived important by the EHR user for other colleagues or patients
to be noticed (frequently in a data field other than the intended field in the EHR)

Awareness

[20,29-31,45,49,50]Formal or informal, collaborative, and cultural understandings among health care professionals
leading to the creation and dissemination of workarounds (eg, mimicking workarounds devised by
colleagues to accomplish a task or working around the system upon as friendly requested or enforced
by a fellow clinician)

Social norms

[20,33-39]Having insufficient trust in the (new) EHR system or its capabilities, lack of perceived usefulness,
or insufficient confidence in the (completeness) of data

Trust (new)

aEHR: electronic health record.
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Table 5. Overview of rationales for the work system component EHRa system and related technology and related included studies.

StudiesDescriptionRationales

[20,25,28,29,31,41,42,45,46,50-56]High behavioral user cost in accomplishing a taskUsability

[20,25,28,31-33,43,44,51-53,55-61](A part of the) EHR or ancillary technology halting, crashing, or slowing down,
hampering the EHR user in accomplishing a task

Technical issues

[20,55,62]Preferring a different data view (eg, visualization by means of charts or graphs
rather than plain text)

Data presentation

[20]Needing to enter or request patient data with greater or lesser specificity than of-
fered or enforced by the EHR

Patient data specificity

[42,45]EHR not providing or supporting the integration of patient data necessary for care
delivery

Data integration (new)

[29,43,48,54,63]Avoiding or overriding actions enforced by the EHR (eg, bypassing the approval
process of prescribing medication or using a different user account)

Enforced actions (new)

[31,34-36,39,41,42,44,50,57,64-67]Unavailability of data, disparity in data formats (eg, the same data being stored
in multiple different formats in the EHR), lack of standardization, and information
gaps in the EHR

Data quality (new)

[44,50,54,56,64,65]Data not able to be exchanged between health care systems or institutions (eg,
causing data to be unavailable at the right moment and time)

Interoperability (new)

aEHR: electronic health record.

Table 6. Overview of rationales for the work system component organization and related included studies.

StudiesDescriptionRationales

[20,29,31,34,35,37,43,46,47,55,68-70]Using an alternative way of accomplishing a task that improves actual efficiencyEfficiency

[20]Not having (direct) access to required historical data because of data not having

been imported from previously used systems to the current EHRa
Data migration policy

[20,71,72]EHR enforcing user to enter patient data of which neither the user nor the patient
has knowledge of

Enforced data entry

[20,32,71]EHR not offering the required data entry option (eg, 3.75 mg rather than the
available options 2.5 mg or 5 mg)

Required data entry option
missing

aEHR: electronic health record.

Table 7. Overview of rationales for the work system component task(s) and related included studies.

StudiesDescriptionRationales

[20,61]Inability to perform multiple tasks at once (eg, simultaneously treating a patient on

the treatment table as well as entering patient data into the EHRa)

Task interference

[20,34,37,41,44,55,61,73]Valuing patient interaction over computer interaction (ie, writing things down on paper
and afterward entering this into the EHR)

Commitment to patient inter-
action

[34,39]The high complexity of the tasks needing to be conductedTask complexity (new)

aEHR: electronic health record.

Attributes

Although several studies confirmed the previously defined
attributes in SEWA, several included studies also mentioned a
total of 4 new attributes (Table 8). These are concerned with
whether the user is aware of using a workaround [49]

(awareness), whether the workaround is an individual or shared
practice across users [49] (shared), on what medium the
workaround is conducted (eg, paper or computer) [34,41]
(medium), and whether the workaround is a formal or informal
practice (eg, part of a defined process or approved or promoted
by management or not) [56] (formality).
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Table 8. Overview of workaround attributes and related included studies.

SourceDescriptionAttributes

[20]Whether the workaround initiates the creation of 1 or multiple additional workarounds or is an isolated occur-
rence

Cascadedness

[20,32,66,74]Whether the workaround is required to proceed with one’s workflow or optionalAvoidability

[20,74]Whether the workaround is used at known moments in time (ie, the situation in which the workaround is used
is known beforehand) or used unexpectedly

Anticipatedness

[20,56,74]Whether the workaround is ingrained into the workflow (ie, becomes part of daily routines) or used temporar-
ily to overcome workflow constraints

Repetitiveness

[49]Whether the user is aware of using the workaroundAwareness (new)

[49]Whether the workaround is a shared practice across multiple other users of the EHRa or limited to 1 userShared (new)

[34,41]On what medium the workaround is conducted (eg, paper, computer, verbal, or a combination)Medium (new)

[56]Whether the use of the workaround is approved by management and part of a defined processFormality (new)

aEHR: electronic health record.

Types of Impact

The previously defined types of impact in the SEWA framework
were confirmed by many included studies. Multiple additional
types of impact were also identified: privacy/security, data
quality, employee perception of EHR, financial, law/regulations,
and workload (Table 9). Privacy/security relates not only to the
impact a workaround has on the security and privacy of the data

but also to the patient and organization itself. Data quality
concerns the impact on, for example, loss of data, or a lower
data quality because of spelling or formatting mistakes in the
data. Moreover, workarounds can have a positive or negative
financial impact [58], may jeopardize laws and regulations
[63,75], and have a positive or negative impact on the workload
of the user [43].

Table 9. Overview of types of impact and related included studies.

SourceDescriptionImpact

[20,28,29,41,43,46,48,53,54,58,59,67,75-77]The impact on the safety (physical and mental) of the patientPatient safety

[20,28,43,46,54,58,59,67]The effectiveness and quality of the care process performedEffectiveness of care

[20,33,55,60,64,72,76]The impact on the efficiency of the care process in terms of time and
resources expended

Efficiency of care

[32,39,51,52,56,63,68,75]Impact on the security and privacy of data related to the patient or or-
ganization

Privacy and security (new)

[32,33,35,39,41,46,51,52,56,59,69,76]Impact of workarounds on data quality (eg, loss of data or decreased
data quality)

Data quality (new)

[58]Financial implications because of the workaroundFinancial (new)

[63,75]Legal conflicts resulting from the use of a workaroundLaws and regulations
(new)

[43]An increase or decrease in workload of the EHRa user resulting from
the use of a workaround

Workload (new)

aEHR: electronic health record.

Possible Scopes

Only a few studies explicitly discussed possible scopes (ie,
entities impacted) of workarounds and resonated with those in

the SEWA framework [41,43,53,77] (Table 10). No new
possible scopes were identified.

Table 10. Overview of possible scopes and related included studies.

SourceDescriptionScope

[20,43,77]The workaround affects the patients in the care processPatient

[20]The workaround affects the health care professionals such as physicians, nurses, and pharmacistsHealth care professional

[20,41,53]The workaround affects the whole organization, including the supporting departments such as finance
or legal

Organization
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Revised Version of the SEWA Framework

On the basis on the foregoing results, the original SEWA
framework [20] was revised to incorporate new rationales,
attributes, types of impact, and possible scopes identified in the
included studies (Figure 2). The revised SEWA framework still
comprises 2 major parts. The first part concerns the work system
and its components (inspired by the SEIPS framework), [21]
constituting the context in which EHR workarounds are created.

The work system components now include 22 rationales
(previously 15) for workaround creation, and EHR workarounds
are now defined by 8 attributes (previously 4). The second part
concerns the possible scope of workarounds in terms of types
and number of entities affected (still 3), as well as their impact
on patient safety, the effectiveness of care, the efficiency of
care, and 5 newly introduced types of impact. All new items in
the framework are marked with asterisks.

Figure 2. Revised SEWA framework with incorporated rationales, attributes, types of impact, and possible scopes identified in included studies. EHR:
electronic health record; SEWA: Sociotechnical Electronic Health Record Workaround Analysis.

The recommendations [20] for using a scoring mechanism to
indicate whether the impact per workaround is favorable,
unfavorable, or neutral, as well as to indicate whether the impact
is immediate or only observable after a certain period
(direct/time lag) remain. However, we also recommend the
inclusion of a scoring mechanism to indicate the number of
patients and health care professionals and organizational units
affected per applicable scope. This is in line with Carayon et al
[53], who distinguished between workarounds having an impact
at an individual or team level (eg, an entire team of nurses in a

certain hospital ward). Applying a scoring mechanism allows
for a more substantiated view when analyzing and prioritizing
various identified workarounds for resolution.

Discussion

Principal Findings
A scoping review was performed to theoretically validate the
SEWA framework [20] and refine and enrich it with newly
identified rationales, attributes, types of impact, and possible
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scopes of EHR workarounds. The scoping review retrieved 737
studies, of which 62 (8.4%) were included. The included studies
provided extensive support for nearly all the items included in
the original SEWA framework. SEWA was revised and enriched
with 7 new rationales, 4 attributes, and 5 types of impact of
EHR workarounds mentioned in the included studies. The
definitions of several existing rationales were also refined. As
a result, SEWA is now grounded in the existing body of
peer-reviewed empirical evidence on EHR workarounds
published between 2010 and 2021. In addition, this revised
version is likely also applicable in a wider range of health care
settings as input for the original SEWA framework that came
from a single comprehensive case study on EHR workarounds
in an academic hospital.

Comparison With the Literature
The results of this scoping review are in line with prior research
and reviews of EHR workarounds. In an integrative review,
Fraczkowski et al [78] examined nurse workarounds in EHR
use. The categories defined in the review by Fraczkowski et al
[78] are similar to the work system components defined in
SEWA, with the exception of usability being a separate rationale
in the SEWA framework under the work system component
EHR system and related technology [20]. The patient category
in the review by Fraczkowski et al [78] is defined as an impact
and scope category in SEWA [20]. Finally, Fraczkowski et al
[78], similar to Koppel et al [18], did not include a work system
component for person(s) (the users of the EHR) as a category.
Our scoping review is one of the few studies that investigated
the entire spectrum of EHR users. On the one hand, we included
studies of all types of health care professionals in primary,
secondary, and tertiary care who make use of an EHR in their
clinical practice, whereas other reviews merely focused on a
specific population such as physicians, nurses, or secretary
personnel [78]. On the other hand, we excluded studies
researching workarounds in the use of barcode medication
administration systems, whereas other reviews did not [78].

Strengths and Limitations
To maximize the capture of relevant information on EHR
workarounds, comprehensive and structured searches were
conducted in MEDLINE, Embase, CINAHL, Cochrane, and
IEEE databases. Data charting templates and analytic frames
were used to extract relevant information from the reviewed
studies and compare with pre-existing items in the SEWA
framework.

A total of 2 research team members participated in the review
process for both the title and abstract and full-text review phases,
with a Cohen κ value of >0.9. This indicates an adequate
interrater agreement. Despite this, our scoping review is at risk
for selection bias, as we did not identify all available data, such
as gray literature on EHR workarounds. There is a chance that
relevant but nonincluded studies may use terminology other
than the terms included in the search queries.

The broad scope of the retrieved information on EHR
workarounds and the different types of studies reporting a
particular issue made using a formal meta-analytic method to
quantitatively assess the quality of the studies and evidence of

retrieved information difficult. However, given the purpose of
the scoping review to theoretically validate and refine the SEWA
framework, we do not consider this limitation.

Implications for Practice and Future Research
Multidisciplinary teams (comprising, for example, physicians,
nurses, management, and EHR developers) can use the revised
SEWA framework to identify, analyze, prioritize, and resolve
workarounds related to EHR use more accurately. Similarly,
the consequences of current and future configurations of the
work system (health care professionals’ work processes and
activities in relation to their EHR use) can be assessed and
discussed in greater detail to determine how a design and
redesign of the work system would positively or negatively
affect the interaction between work system components. Finally,
as workarounds are subject to gradual change (eg, personal
changes in experience with the EHR, system updates to the
EHR, and hospital policies), more detailed snapshots of the
work system using SEWA can be taken over time and compared
so as to gain valuable insights into how EHR workarounds
evolve over time.

Concerning future research, EHR systems are continuously
subject to technological evolution by developments in, for
example, artificial intelligence, machine learning, and
telemedicine. This may lead to the creation of hitherto
unidentified rationales, attributes, possible scopes, and types of
impact of workarounds on users, patients, and health care
organizations. Similarly, more studies on EHR workarounds
will continue to emerge that may report novel insights not
incorporated into the revised SEWA framework. Therefore, we
expect that SEWA needs a continuous process of refinement
over time. This could be done by repeating the scoping review
using the described search strategy, search queries, and inclusion
and exclusion criteria.

In addition, although the revised SEWA framework is now
theoretically validated, refined, and enriched, practical validation
is still required. The same holds true when investigating its
practicality. The firsthand experience from the application of
SEWA in practice could yield suggestions for further
improvement. A related suggestion is that although the
framework helps in identifying and analyzing workarounds, a
prioritization method for handling these issues is likely required,
as workarounds are generally abundant in any organization, and
resources to resolve them are finite. Therefore, the framework
could benefit from being extended with prioritization
mechanisms and weighting factors for deciding which
workarounds require priority. Similarly, the framework could
be translated into a practical tool such as a scoring matrix to
facilitate use by practitioners.

Finally, the applicability of the SEWA framework could be
explored for systems other than EHRs (eg, enterprise resource
planning, customer relationship management, and content
management) and in other settings (eg, nonacademic hospitals
and general practitioner practices) and even in other industries
(eg, financial services and manufacturing) after appropriate
validation. Although SEWA has an explicit focus on EHRs used
in health care, we expect many of the described workaround
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rationales and attributes to be applicable to other systems, settings, and industries.
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Abstract

Background: In recent years, telehealth has become a common channel for health care professionals to use to promote health
and provide distance care. COVID-19 has further fostered the widespread use of this new technology, which can improve access
to care while protecting the community from exposure to infection by direct personal contact, and reduce the time and cost of
traveling for both health care users and providers. This is especially true for community-dwelling older adults who have multiple
chronic diseases and require frequent hospital visits. Nurses are globally recognized as health care professionals who provide
effective community-based care to older adults, facilitating their desire to age in place. However, to date, it is unclear whether
the use of telehealth can facilitate their work of promoting self-care to community-dwelling older adults.

Objective: This review aims to summarize findings from randomized controlled trials on the effect of nurse-led telehealth
self-care promotion programs compared with the usual on-site or face-to-face services on the quality of life (QoL), self-efficacy,
depression, and hospital admissions among community-dwelling older adults.

Methods: A search of 6 major databases was undertaken of relevant studies published from May 2011 to April 2021. Standardized
mean differences (SMDs) and their 95% CIs were calculated from postintervention outcomes for continuous data, while the odds
ratio was obtained for dichotomous data using the Mantel–Haenszel test.

Results: From 1173 possible publications, 13 trials involving a total of 4097 participants were included in this meta-analysis.
Compared with the control groups, the intervention groups of community-dwelling older adults significantly improved in overall

QoL (SMD 0.12; 95% CI 0.03 to 0.20; P=.006; I2=21%), self-efficacy (SMD 0.19; 95% CI 0.08 to 0.30; P<.001; I2=0%), and

depression level (SMD –0.22; 95% CI –0.36 to –0.08; P=.003; I2=89%).

Conclusions: This meta-analysis suggests that employing telehealth in nurse-led self-care promotion programs may have a
positive impact on older adults, although more studies are needed to strengthen the evidence base, particularly regarding organization
and delivery.

Trial Registration: PROSPERO (Prospective International Register of Systematic Reviews) CRD42021257299;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=257299

(J Med Internet Res 2022;24(3):e31912)   doi:10.2196/31912
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Introduction

Aging populations put tremendous pressure on health and social
care systems. Encouraging self-care practices and independent
living among older adults has been regarded as one of the best
solutions to reduce the demands on costly tertiary and
institutional care services [1]. Older adults have the
responsibility to make an effort to adopt positive personal health
practices according to their own preferences. By adopting such
self-care practices, they can maintain their autonomy and
independence, and enjoy an improved quality of life (QoL) [2].

Nurses are believed to play the most prominent role in
promoting self-care behaviors among older adults [3]. Numerous
studies provide evidence of their competence and capability in
relation to preventive interventions, including their use of
comprehensive and systematic assessments that facilitate early
identification of older adults’ health complaints [3], their
adoption of a holistic caring approach that addresses multiple
complaints [4], their capacity to make referrals to other health
professionals in a multidisciplinary team if needed [5], and their
ability to build a trusting relationship with older adults [6].
However, previous nurse-led self-care promotion interventions
relied heavily on a supportive environment that allowed only
for face-to-face communication, and so can be difficult to
implement in the face of existing barriers in health care
institutions, such as time constraints [7], and transportation
issues for those with physical or functional limitations [8]. These
obstacles can jeopardize the quality of the interventions and the
eventual health outcomes and QoL of the older adults in need
of care [9]. It is thus better to take those interventions to the
community level, including patients’ homes, in the hope of
obtaining sufficient time, geographical convenience, and greater
familiarity and security for the introduction of these preventative
measures. Although the new practice may also cost a
considerable amount of time and manpower, using telehealth
as a solution to delivering care may make possible the realization
of this vision of “nurse-led preventive community care for all.”

Telehealth refers to the services that bring health care directly
to users, generally in their own homes, supported by information
and communication technology [10]. It includes but is not
limited to social alarms, lifestyle monitoring, remote monitoring
of vital signs for diagnosis, and long-distance assessment and
education. With the assistance of telecommunication tools such
as smartphones, audio or video equipment, or tablets, telehealth
changes the geography of health care by introducing
person-centered virtual communication contexts, such as
videoconferencing, telephone calls, and SMS text messages
[11,12]. The benefits of telehealth are evident because from a
geographical perspective it enables care to be delivered at a
distance and improves access to care under different conditions.
For instance, health care providers are able to reach out to older
adults who are socially isolated or physically homebound due
to diseases, disabilities, or other family roles. It has also helped
to minimize the risk of direct transmission of infectious diseases
for both health care providers and older adults during the
COVID-19 pandemic [13]. Meanwhile, from a psychosocial
perspective, it redefines familiar places (eg, the homes of older
adults) into spaces of care [11]. Without geographical

restrictions and the associated concerns, both older adults and
their health care providers can devote more time and attention
on the interventions themselves, resulting in an improvement
in the quality of care that is provided. Indeed, these benefits are
in accordance with López’s [14] view that telehealth is a
technological catalyst for the implementation of
community-based aging-in-place care systems. It elevates both
the access to and quality of nurse-led self-care promotion
programs in the community, transforming them into unique and
holistic preventative measures that effectively increase the QoL
of community-dwelling older adults [15], as well as achieving
the goal of relieving the burden on health systems.

Despite the apparent benefits of nurse-led telehealth programs
on promoting self-care, reviews are lacking of its impact on the
QoL of community-dwelling older adults and on health care
systems. Previous reviews have mainly focused on the impact
of such programs on caregivers instead of on the older adults
themselves [9,16,17]. Some focused on patients with a specific
disease or who were in the terminal phase of their life, instead
of on a sample representing the general population of
community-dwelling older adults [18-20], while others
overlooked the leading efforts of nurses in using telecare to
promote self-care in the community [21]. Little is therefore
known about the effects of nurse-led telecare programs on
promoting self-care among community-dwelling older adults.

This study is, to the best of our knowledge, the first systematic
review and meta-analysis of randomized controlled trials (RCTs)
aimed at summarizing evidence on the effects of nurse-led
telehealth self-care programs on community-dwelling older
adults compared with the usual on-site or face-to-face care. The
particular focus is on the quality of the care that is delivered,
as well as on other outcomes including self-efficacy, depression,
and hospital admissions. Given the popularity of adopting and
sustaining telehealth in promoting self-care during the
COVID-19 pandemic and in the near future, the empirical
evidence from this study may guide the efforts of policymakers
to address challenges in providing services for this large but
still overlooked segment of the population.

Methods

Overview
This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement.

Search Strategy
Three investigators (PKC, WSY, and AYLL) independently
conducted a literature search using CINAHL, MEDLINE
(PubMed), EMBASE (Ovid), PsycINFO (BSCO), Web of
Science, the Cochrane Central Register of Controlled Trials,
and ClinicalTrials.gov to identify RCTs written in English and
published between May 2011 and April 2021. Given the rapidly
changing nature of technology and the major changes that have
taken place in the field of health care within the past 10 years,
the goal was to capture the newest and most relevant evidence
related to the use of telehealth as a self-care promotion
intervention for community-dwelling older adults. Any
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disagreements were resolved by consensus with a fourth author
(AKCW).

The following search strategy was used: (telehealth OR telecare
OR telemedicine OR gerontechnology OR eHealth OR mHealth
OR “mobile health” OR telecommunication OR teleconsultation
OR teleconference) AND (self-care OR self-help OR
self-management OR “self care” OR “self help” OR “self
management”) AND (home OR “home health” OR “home care”
OR community) AND (elderly OR aged OR aging OR ageing
OR old* OR “older adult*” OR senior OR geriatric OR “older
person” OR “elderly person”) AND (nurs* OR nurse-led) AND
(random* OR control* OR “usual care”). The online search was
supplemented by an extensive hand search of the literature
through references identified from retrieved articles. Gray
literature such as abstracts, conference proceedings, and
editorials was excluded.

Study Selection
The criteria for inclusion in this meta-analysis were: (1) RCT;
(2) conducted with adults aged 60 or over and living
independently in the community; (3) using telehealth (defined
as the use of apps, websites, WhatsApp, SMS text messages,
email, social media such as Facebook or Twitter, telephone
calls, tablets, software such as Zoom or Microsoft Teams, home
remote monitoring devices [reactive or proactive], or any
combination of these as a health care delivery channel) as an
intervention group component; (4) using a face-to-face or on-site
care service as the control group component; (5) intended to
empower or promote the self-care of community-dwelling older
adults (ie, self-care refers to an activity that individuals
undertake on their own behalf to stay fit, maintain good health
and functioning, and prevent illness, with or without assistance).
Studies were excluded if (1) they focused on cognitively or
functionally impaired older adults unable to perform self-care;
and (2) they compared 1 or more telecare interventions without
a comparison with a control group or with a no intervention
control group. As this meta-analysis targeted interventions led
by nurses, studies that included an interdisciplinary care team
should have had nurses carry out at least 50% of the
interventions.

For each article included in the review, data about the
participants (country, number of participants, inclusion and
exclusion criteria), interventions (components of both
intervention and control groups, provider, duration), and
outcomes (outcome measures, results) were extracted. These
were then compared and analyzed. If the aforementioned data
were not available, we contacted the corresponding researcher
of the study in question to clarify and request missing
information.

Outcomes
The primary outcome of interest was QoL. Secondary outcomes
of interest were self-efficacy, depression, and hospital
admissions.

Quality Assessment
The potential risk of bias in the included studies was evaluated
using Cochrane Collaboration’s tool for assessing the risk of
bias according to the Cochrane Handbook for Systematic
Reviews of Interventions [22]. This tool was used to assess the
quality of the included studies by monitoring 7 domains: random
sequence generation, allocation concealment, the blinding of
participants and personnel, the blinding of the outcome
assessment, incomplete outcome data, selective reporting, and
other biases [22]. Three authors (PKC, WSY, and AYLL)
independently rated the studies according to the assessment
tool. Disagreements were resolved through discussion with a
fourth author (AKCW).

Data Synthesis and Statistical Analysis
Meta-analyses were conducted using Review Manager (version
5.3). We performed a meta-analysis when a minimum of 2
studies compared the effects of an intervention over the
treatment delivered to the control group at the longest follow-up
time. Because of the foreseeable complexities and
multicomponent nature of nurse-led self-care promotion
programs, the research team decided to conduct a random-effects
meta-analysis a priori. The accuracy of using this method was

tested using a standard χ2 test and an inconsistency index

(I2>50% or P<.05 or both). We planned to run a meta-regression
using R (version i386 3.3.2; R Foundation) to explain the
between-trial heterogeneity, but because fewer than 10 trials
were included, such an approach was not possible [22]. The
standardized mean differences (SMDs) and their 95% CIs were
calculated from the postintervention outcomes for continuous
data, while the odds ratio (ORs) was obtained for dichotomous
data by using the Mantel–Haenszel test. The SMD effect sizes
were considered small, moderate, and large when the value was
<0.4, 0.4-0.7, and >0.7, respectively [22]. Pooled ORs (95%
CI) were calculated and a 2-sided P-value <0.1 was adopted to
indicate statistical significance [22]. Where a sensitivity analysis
was required, the analysis was repeated but with the exclusion
of studies with a low study quality/high risk of bias, or lacking
a thorough explanation of the timeframe of the reported
outcome, the study design, or participant characteristics.
Publication bias was checked using a visual inspection of funnel
plots [22] and calculated using the Egger bias test [23].

Results

Search Outcomes
We identified 1173 publications in our literature search after
the removal of duplicates. Of these, 1140 publications were
excluded based on an evaluation of the title and the brief
abstract. The remaining 33 publications were assessed for
eligibility, and 13 were included in our meta-analysis [24-36].
The most common reason for excluding a study was that the
population studied was ineligible (n=14; Figure 1). A consensus
between 2 independent reviewers was reached in 94% (31/33)
of the publications.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flow diagram.

Quality Assessment and Publication Bias
Overall, the quality of the included RCTs was high, except in
the aspects of the blinding of participants and personnel, and
allocation concealment (Figure 2). Two studies were deemed
to be of poor methodological quality [27,31], 2 of fair quality

[26,32], and the remainder of high quality [24,25,28-30,33-36].
However, 5 studies [26,29-32] were deemed to be at an unclear
risk of additional biases, through possible failures in
randomization, no mention of baseline differences, and concerns
over the power of the study. A summary of the risks of bias of
included studies is shown in Table 1.
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Figure 2. Risk of bias table.

Table 1. Risk of bias in the included studies.

Other biasesSelective
reporting

Incomplete out-
come data

Blinding of
outcome as-
sessment

Blinding of partici-
pants and personnel

Allocation
concealment

Random sequence
generation

Study

HighLowLowHighHighUnclearUnclearChau et al [24]

LowLowLowLowLowLowLowChow and Wong [25]

UnclearLowLowUnclearUnclearLowLowDe San Miguel et al [26]

HighLowHighHighUnclearUnclearUnclearFinkelstein et al [27]

LowLowLowLowLowLowLowFinlayson et al [28]

UnclearHighLowLowLowUnclearLowGellis et al [29]

UnclearLowLowLowHighLowLowJolly et al [30]

UnclearLowLowUnclearUnclearUnclearHighKazawa et al [31]

UnclearLowLowLowLowUnclearLowKleinpell et al [32]

LowLowLowLowLowLowLowOksman et al [33]

HighLowLowUnclearHighUnclearUnclearPecina et al [34]

LowLowLowLowLowLowLowTakahashi et al [35]

LowLowLowLowLowLowLowWong et al [36]

Characteristics of the Studies and Participants
Among the 13 publications, 4097 older adults were included in
the meta-analysis, with 2096 older adults in intervention groups
and 2001 older adults serving as controls [24-36]. The mean
age of the entire sample was 73.2 (SD 4.5) years and females
made up 68% (2669/3925) of the samples. The
telecommunication tools that were adopted in these studies
included telephones [25,28,30,33,36], home telemonitoring

devices [24,26,27,29,32,34,35], and videoconferencing software
or apps [27,31,35]. A total of 3 studies had nurse case managers
providing telehealth services to the participants [25,29,36],
another 3 studies had advanced practice nurses delivering the
intervention [28,32,34], while the remainder involved registered
nurses or community nurses [24,26,27,30,31,33,35]. The
duration of the interventions varied from 4 weeks to 48 weeks,
with a median of 24 weeks. The characteristics of the included
studies are summarized in Table 2.
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Table 2. Characteristics of the included studies.

ResultsOutcome
measures

Dura-
tion

ProvidersControl
group

Intervention

components

Inclusion/exclusion

criteria

Number of
participants

Coun-
try

Study

ORd 2.33 (95%
CI 0.51 to 10.78)

8
weeks

Communi-
ty nurse

Only home
visits with
education

Home visits with
education on self-
care and symptom

N=40

(Ia: 22, Cb:
18)

Hong
Kong

Chau
et al
[24]

•• Hospi-
tal ad-
mis-
sions

Inclusion: aged 60
and older, with moder-

ate or severe COPDc

according to the clas- on self-
care and

management tech-
niques; a device kitsification of the

symptom(a specially de-Global Initiative of
manage-signed mobileObstructive Lung
ment tech-
niques

phone, a respirato-
ry rate sensor, and
a pulse oximeter),

Disease, admitted to
hospital at least once
for exacerbation dur-

which is used foring the previous year.
participants’ self-• Exclusion: unable to

communicate, had monitoring of oxy-
gen saturation,impaired cognitive
pulse rate, and res-
piration rate

function, illiterate,
had hearing prob-
lems, or unable to op-
erate the telecare de-
vice.

4
weeks

Nurse
case man-
agers, se-

Home vis-
its, social
calls

Telephone calls,
comprehensive as-
sessment based on
the OMAHA sys-

N=281

(I: 96, C:
185)

Hong
Kong

Chow
and
Wong
[25]

• SMDf 0.23
(95% CI
–0.01 to
0.48)

• Physi-
cal
compo-
nent of

QoLe

• Inclusion: aged 65
and older; admitted
with a medical diagno-
sis related to chronic
respiratory, cardiac,
type 2 diabetes melli-

nior year
nursing
students

tem, analysis of
self-care barriers,
development of

• SMD 0.03
(95% CI
–0.22 to

• Mental
compo-tus, or renal diseases;

able to speak Can- mutual self-care 0.56)nent of
goals, evaluation
of interventions

tonese and to commu-
nicate; resident in the
hospital service area;

QoL • SMD 0.17
(95% CI
–0.07 to

• Self-ef-
ficacy

and able to be contact- 0.42)
ed by telephone after
discharge.

• Exclusion: identified
as having cognitive
problems, Mini-Men-
tal State Examination
score of <20; dis-
charged to institution-
al care; followed by a
designated disease
management program
after discharge; un-
able to communicate;
and terminally ill.

OR 0.28 (95% CI
0.10 to 0.76)

24
weeks

Tele-
health
nurse

Home vis-
its, educa-
tion book
about
COPD

Telehealth equip-
ment (Health-
HUB), daily mea-
surements, record-
ing and monitoring
of vital signs, as-

N=71

(I: 36, C:
35)

Aus-
tralia

De
San
Miguel
et al
[26]

•• Hospi-
tal ad-
mis-
sions

Inclusion: Silver
Chain clients with a
diagnosis of COPD,
receiving domiciliary
oxygen, able to speak
English, living in the

sessment of gener-metropolitan area.
al state of health,• Exclusion: diagnosed

with dementia, receiv- home visits, educa-
tional book abouting palliative care,
COPD, telehealthdid not have a tele-
instruction manual,phone landline, un-
telephone calls,able to use the tele-
provision of sup-health equipment be-
port/advice/recom-
mendations

cause of cognitive or
physical impairment.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31912 | p.118https://www.jmir.org/2022/3/e31912
(page number not for citation purposes)

Wong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


ResultsOutcome
measures

Dura-
tion

ProvidersControl
group

Intervention

components

Inclusion/exclusion

criteria

Number of
participants

Coun-
try

Study

OR 0.41 (95% CI
0.15 to 1.14)

• Hospi-
tal ad-
mis-
sions

8.5
weeks

Tele-
health
nurse

Usual careHome telehealth
program using the
VALUE worksta-
tion, videoconfer-
ences, electronic
messages, ordering
of health-related
and home care ser-
vices, access to
health-related infor-
mation, general ac-
cess to the internet,
physiological mon-
itoring devices

• Inclusion: aged 60
and older, managing
1 or more chronic
diseases, not receiv-
ing Medicare home
health benefits but
had functional limita-
tions, able to manipu-
late a computer key-
board or a mouse, and
had a broadband con-
nection available in
their area.

• Exclusion: not men-
tioned.

N=84

(I: 40, C:
44)

United
States

Finkel-
stein
et al
[27]

OR 0.40 (95% CI
0.17 to 0.92)

• Hospi-
tal ad-
mis-
sions

24
weeks

Advanced
practiced
nurse, ex-
ercise
physiolo-
gist

Usual care,
exercise
program
without
regular
telephone
follow-ups

Tailored exercise
program, in-home
visits, telephone
follow-ups, rein-
forcement and fur-
ther explanation of
the exercise pro-
gram, advice and
support to the care-
giver

• Inclusion: aged 65
and older; admitted
with a medical condi-
tion; had at least one
risk factor for read-
mission (aged 75 or
older, admitted to a
hospital more than
once in the previous
6 months, multiple
comorbidities, living
alone, poor social
support, poor self-rat-
ing of health, func-
tional impairment, or
a history of depres-
sion).

• Exclusion: requires
home oxygen, depen-
dent on a wheelchair
or unable to walk in-
dependently for 3 m,
lives in a nursing
home, presence of a
cognitive deficit or
progressive neurolog-
ical disease.

N=222

(I: 111, C:
111)

Aus-
tralia

Fin-
layson
et al
[28]

• SMD 0.45
(95% CI
0.04 to

0.86)g

• SMD –1.10
(95% CI
–1.53 to

–0.66)g

• Mental
compo-
nent of
QoL

• Depres-
sion

12
weeks

Home-
care tele-
health
nurse
manager,
registered
homecare
nurses

Usual care,
education

The Honeywell
“HomMed” Health
Monitoring System
for daily monitor-
ing of weight, non-
invasive blood
pressure, pulse,
oxygen saturation,
and temperature;
further evaluation
of abnormal read-
ings by telehealth
nurse, education
and counseling on
disease, self-care
activities, and
symptom manage-
ment strategies

N=94

(I: 48, C:
46)

United
States

Gellis
et al
[29]
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ResultsOutcome
measures

Dura-
tion

ProvidersControl
group

Intervention

components

Inclusion/exclusion

criteria

Number of
participants

Coun-
try

Study

• Inclusion: aged 65
and older, diagnosed
with heart failure or
COPD, experienced
frequent health care
encounters (ie, hospi-
talized twice in the
last 6 months or seen
at least twice in the
emergency room in
the past 2 months),
required 3 or more
home visits per week,
consented to partici-
pate in the program
with random assign-
ment, expressed a
willingness to learn
how to use the tele-
health monitoring
system.

• Exclusion: unable to
learn to use the
HomMED telehealth
device due to physi-
cal disability, cogni-
tively impaired based
on a medical chart di-
agnosis and had no
caregiver, exhibited
behavioral/problems
(eg, aggression, agita-
tion, delirium, para-
noia) that interfered
with learning how to
use the HomMED
telehealth device and
communicating with
the telehealth nurse.

• SMD 0.18
(95% CI
0.00 to

0.36)g

• SMD 0.23
(95% CI
0.06 to

0.41)g

• SMD –0.15
(95% CI
–0.33 to
0.03)

• QoL
• Self-ef-

ficacy
• Depres-

sion

24
weeks

NurseUsual care
with a stan-
dard infor-
mation
leaflet
about the
self-man-
agement of
COPD

Telephone health
coaching with sup-
porting written
documents, a pe-
dometer, and a
self-monitoring di-
ary

• Inclusion: has respira-
tory symptoms consis-
tent with COPD, re-
ported mild dyspnea
at the baseline assess-
ment, had a forced
expiratory volume in
1 second/forced vital
capacity score of <0.7
after postbronchodila-
tor spirometry (consis-
tent with current UK
guidelines) at the
baseline assessment.

• Exclusion: considered
by doctors to be inap-
propriate for inclu-
sion (eg, for having a
terminal disease or a
severe psychiatric
disorder)

N=516

(I: 239, C:
277)

UKJolly
et al
[30]

24
weeks

N=32

(I: 17, C:
15)

JapanKaza-
wa et
al [31]
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ResultsOutcome
measures

Dura-
tion

ProvidersControl
group

Intervention

components

Inclusion/exclusion

criteria

Number of
participants

Coun-
try

Study

• SMD 6.50
(95% CI
–1.44 to
14.44)

• SMD 0.80
(95% CI
–4.02 to
5.62)

• SMD 3.50
(95% CI
0.55 to

6.45)g

• SMD 0.68
(95% CI
–0.15 to
1.51)

• SMD –0.42
(95% CI
–1.23 to
0.39)

• Sys-
tolic
blood
pres-
sure
(mmHg)

• Dias-
tolic
blood
pres-
sure
(mmHg)

• BMI
• QoL
• Self-ef-

ficacy

Nurse
trained in
disease
manage-
ment

Direct
face-to-
face inter-
views and
intermittent
telephone
calls

Distance inter-
views via a tablet
with a featured app
(delivered to the
participants by
postal mail), a
guidebook, a self-
monitoring note-
book, and foot care
monofilament

• Inclusion: had a pro-
teinuria level of ≥2+
or a proteinuria level
of 1+ and a
hemoglobin A1c lev-
el of ≥7.0% (or a
fasting blood sugar
level of ≥130 mg/dL)
at a health check con-
ducted in 2013, and
diagnosed with type
2 diabetes mellitus.

• Exclusion: has type 1
diabetes mellitus or
gestational diabetes,
had initiated dialysis,
scheduled for renal
transplantation in the
near future, undergo-
ing treatment for can-
cer, has a terminal ill-
ness, has cognitive
impairment, or has a
mental disorder.

• SMD –0.13
(95% CI
–0.14 to
0.16)

• OR 0.70
(95% CI
0.32 to
1.54)

• QoL
• Hospi-

tal ad-
mis-
sions

4
weeks

Advanced
practice
nurse

No inter-
vention

Home telemonitor-
ing twice daily of
vital signs includ-
ing heart rate,
blood pressure, and
pulse oximetry,
and daily monitor-
ing of weight, fo-
cused reinforce-
ment of the dis-
charge plan

• Inclusion: aged ≥65
at high risk for postop-
erative complications;
documented history
of congestive heart
failure; New York
Heart Association
functional classifica-
tion of III or IV; ejec-
tion fraction of
≤40%; a history of
atrial fibrillation;
postdischarge compli-
cations of myocardial
infarction, arrhyth-
mias requiring treat-
ment, reoperation,
cardiac arrest, wound
dehiscence, a positive

wound culture; ICUh

stay of >2 days, me-
chanical ventilation
for >2 days; or failure
to meet clinical path-
way discharge goals
by postoperative day
5.

• Exclusion: not men-
tioned.

N=206

(I: 134, C:
72)

United
States

Klein-
pell et
al [32]

• SMD 0.12
(95% CI
0.01 to

0.23)g

• QoL48
weeks

Certified
nurses
and pub-
lic health
nurses

Routine so-
cial and
health care

N=1570

(I: 970, C:
470)

Fin-
land

Oks-
man et
al [33]
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ResultsOutcome
measures

Dura-
tion

ProvidersControl
group

Intervention

components

Inclusion/exclusion

criteria

Number of
participants

Coun-
try

Study

Individual health
coaching by tele-
phone, in addition
to routine social
and health care, in-
cluding 8 key rec-
ommendations de-
veloped by Pfizer
Health Solutions:
(1) know how and
when to call for
help, (2) learn
about the condition
and set goals, (3)
take medicines
correctly, (4) get
recommended tests
and services, (5)
act to keep the
condition well, (6)
make lifestyle
changes and reduce
risk, (7) build on
strengths and over-
come obstacles,
and (8) follow-up
with specialists and
appointments

• Inclusion: has a gly-
cated hemoglobin
(hemoglobin A1c)
level of >7, or a total
cholesterol level of
>4.5, or a low-density
lipoprotein level of
>2.3 for the previous
6 months, identified
by a research nurse as
being eligible for
coaching.

• Exclusion: classified
as ineligible by prima-
ry care physician, un-
able to co-operate or
participate in health
coaching, major elec-
tive surgery planned
within 6 months, his-
tory of major surgery
within the past 2
years, life expectancy
<1 year, pregnancy.

• SMD 0.11
(95% CI
–0.20 to
0.41)

• SMD –0.35
(95% CI
–0.65 to
–0.04)

• SMD –0.02
(95% CI
–0.33 to
0.28)

• SMD 0.00
(95% CI
–0.31 to
0.31)

• QoL
• Physi-

cal
compo-
nent of
QoL

• Mental
compo-
nent of
QoL

Depression

48
weeks

Geriatric
nurse
practition-
er

Usual careTelemonitoring of
biometric data us-
ing an Intel Health
Guide device,
questionnaires on
symptoms, video-
conference visits

• Inclusion: aged 60
years and older with

an ERAi score in the
highest decile. The
ERA score is a com-
posite score of previ-
ous hospitalizations,
age, race, and pres-
ence of chronic dis-
ease. A high ERA
score indicates an in-
creased risk of hospi-
talization and emer-
gency department
visits.

• Exclusion: unable or
unwilling to use the
monitoring equip-
ment, or if there was
a concern about undi-
agnosed dementia af-
ter a mental status
test.

N=166

(I: 77, C:
89)

United
States

Pecina
et al
[34]

• OR 0.93
(95% CI
0.06 to
14.94)

• Hospi-
tal ad-
mis-
sions

48
weeks

Regis-
tered
nurse

Usual careTelemonitoring de-
vice (Intel Health
Guide; Intel-GE)
with real-time
videoconferencing
capability and pe-
ripheral measures
(scales, blood pres-
sure cuff, glucome-
ter, pulse oximeter,
and peak flow da-
ta)

N=205

(I: 102, C:
103)

United
States

Taka-
hashi
et al
[35]
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ResultsOutcome
measures

Dura-
tion

ProvidersControl
group

Intervention

components

Inclusion/exclusion

criteria

Number of
participants

Coun-
try

Study

• Inclusion: aged ≥60;
enrolled in the Em-
ployee and Communi-
ty Health program
primary care panel
and whose ERA score
exceeded 15. The
ERA is an electronic
database used to as-
sess patient risk for
hospitalizations or
emergency depart-
ment visits based on
administrative data
on age, sex, previous
hospitalizations, and
comorbid conditions
(stroke, dementia,
heart disease, dia-
betes mellitus, and
chronic obstructive
pulmonary disease).

• Exclusion: lives in a
nursing home, has a
clinical diagnosis of
dementia or scored 29
or less in the short
test of mental status,
unable to use the tele-
monitoring system
(ie, because of visual
impairment or an in-
ability to use the de-
vice).

• SMD 0.19
(95% CI
0.02 to

0.36)g

• OR 0.84
(95% CI
0.56 to
1.26)

• Self-ef-
ficacy

• Hospi-
tal ad-
mis-
sions

4
weeks

Nurse
case man-
agers,
trained
nursing
students

Home vis-
its, placebo
calls (ie,
social
calls)

Telephone calls,
comprehensive as-
sessment based on
the OMAHA sys-
tem, develop mutu-
al self-care goals,
evaluate interven-
tions

• Inclusion: admitted
with a primary diagno-
sis related to a respira-
tory, diabetic, car-
diac, or renal condi-
tion; Mini-Mental
State Examination
score of >20; able to
speak Cantonese;
lives within the ser-
vice area; can be con-
tacted by phone.

• Exclusion: discharged
to an assisted care fa-
cility, being followed
up by an immediate
designated disease
management program
after discharge, un-
able to communicate,
discharged for end-
of-life care.

N=610

(I: 204, C:
406)

Hong
Kong

Wong
et al
[36]

aI: intervention group.
bC: control group.
cCOPD: chronic obstructive pulmonary disease.
dOR: odds ratio.
eQoL: quality of life.
fSMD: standardized mean difference.
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gStatistically significant.
hICU: intensive care unit.
iERA: Elderly Risk Assessment.

Quantitative Synthesis

Quality of Life

Overview

A total of 5 of the 13 (38%) studies were RCTs that compared
the effects of a nurse-led telehealth self-care promotion program
with the usual care on the QoL of community-dwelling older
adults [30-34]. The pooled SMD in the overall score for QoL
was significantly different (SMD 0.12; 95% CI 0.03 to 0.20;

P=.006; I2=21%), with the participants in the intervention group
having a better QoL than those in the control group.

Physical Component of Quality of Life

Two studies assessed the physical component of QoL by using
the Medical Outcomes Study Short Form Survey [25,34]. Pooled

analyses showed that a telehealth self-care promotion program
did not lead to an improvement in physical component of QoL
over the usual care (SMD 0.01; 95% CI –0.18 to 0.20; P=.93),

with high heterogeneity (χ1
2=8.42; I2=88%; P=.004).

Mental Component of Quality of Life

As shown in Figure 3, the telehealth self-care promotion
program did not significantly improve the mental component
of QoL when compared with the usual care in the 3 studies

(SMD 0.09; 95% CI –0.09 to 0.26; P=.32) [25,29,34]. The I2

statistics reflected moderate heterogeneity among the studies

(χ2
2=3.74; I2=47%; P=.15).

None of these outcomes showed evidence of publication bias
as revealed by a visual inspection of funnel plots or the P-values
of the Egger test (P>.05).
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Figure 3. Forest plots showing the effects of nurse-led telehealth self-care promotion programmes on different outcomes.

Self-efficacy
Four studies assessed self-efficacy [25,30,31,36], of which 2
found that the telehealth self-care promotion program had a
significantly beneficial effect over the usual face-to-face care
[30,36]. The pooled SMD in the overall score for self-efficacy
was significantly different (SMD 0.19; 95% CI 0.08 to 0.30;

P<.001). No evidence of heterogeneity (χ3
2=2.41; I2=0%; P=.49)

was found and there was no sign of publication bias (P=.71).

Depression
The pooled SMD in the overall score for depression was
significantly different (SMD –0.22; 95% CI –0.36 to –0.08;
P=.003) in a meta-analysis of 3/13 studies (23%) [29,30,34].

High heterogeneity (χ2
2=18.2; I2=89%; P=.009) was indicated,

but no sign of publication bias (P=.50) was found.

Hospital Admissions
Hospital admissions were reported as the outcome in 7/13
studies (54%), with 1420 participants [24,26-28,32,35,36].
Moderate heterogeneity was found among these studies

(χ6
2=14.5; I2=59%; P=.02). The number of hospital admissions

in the telehealth group was 152 out of 640 (23.8%) and in the
usual face-to-face group of participants was 218 out of 780
(27.9%). No significant difference was found between the
groups in the number of hospital admissions (OR 0.70, 95% CI
0.45-1.11; P=.13).

The forest plots of all outcomes are presented in Figure 3.

Discussion

Principal Findings
In this review an attempt is made to summarize the evidence to
ascertain the effects of nurse-led telehealth self-care programs
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for community-dwelling older adults in terms of QoL,
self-efficacy, levels of depression, and hospital admissions.
Overall, the findings of this review suggest that nurse-led
telehealth programs may improve the QoL, self-efficacy, and
depression levels of community-dwelling older adults when
compared with the usual face-to-face care. However, no
significant differences across groups were noted in hospital
admissions. Although the studies seem limited in some respects,
the findings of this review offer insights into the potential
effectiveness of employing assistive technologies in
community-based health and social care programs and on how
these technologies affect the daily life of older adults, although
more studies are needed to strengthen the evidence base,
particularly in the aspects of organization and delivery.

Undoubtedly, the emergence of COVID-19 has led to a great
global need to restructure health and social care services across
patient groups, particularly regarding innovative strategies that
actively support clients and their family caregivers even at a
distance [37]. For community-dwelling older adults who require
continuous monitoring, professional support at a distance may
be an invaluable add-on to promote self-care practices. As
highlighted in this review, nurse-led programs of care may lead
to improvements in QoL, self-efficacy, and depression, making
it a form of professional support that merits consideration. Even
in studies where statistically significant findings were not
observed, improvements in health outcomes such as QoL and
self-efficacy were noted [31], as well as improved
self-management practices [30]. A similar pattern of results was
reported among persons living with cancer [38] and type 2
diabetes mellitus [39] who received nurse-led services. Taken
together, the findings seem to suggest that well-designed
nurse-led services delivered by trained staff may be a promising
program of care that can complement and extend existing
services from the health care facility to the home/community.
There is, however, a need to standardize the contents and
dosages of nurse-led services tailored to varied patient groups
and to test these using large-scale, well-designed RCTs to
strengthen the evidence base regarding their effectiveness in
improving other health outcomes. In addition, a process
evaluation following implementation may clarify contextual
factors that can hinder or facilitate the delivery of the nurse-led
programs of care and offer greater explanatory power regarding
the impact of a program.

The telehealth component of the nurse-led programs of care
mainly comprised structured telephone follow-ups that played
an essential role in delivering education, advocacy, and
coaching/behavioral change strategies. In addition, the use of
customized telehealth monitoring systems installed in the homes
of participants or utilized as wearable tracking devices was
noted in 7 studies [24,26,27,29,32,34,35]. Evidently, as the
demand for access to health care grows along with the aging
population, the real-time monitoring of various physiological
parameters will become a significant component of health care.
Telehealth, which represents the intersection of health and
technology, offers unique opportunities to deliver personalized
care. The findings of this study should enable researchers and
policymakers to better understand the various technologies and
their effectiveness. With this understanding, they can better

advise older adults on how to improve their QoL and
self-efficacy and reduce their depression using appropriate
assistive technologies. Besides, governments should recognize
and promote the use of new technologies and the positive impact
of these technologies on society, health care, and the QoL of
older adults. This is because the use of these technologies not
only improves the QoL of older adults but also has a positive
impact on the health care system by potentially reducing health
care service utilization.

Another key finding in this review is the effect of the nurse-led
telehealth services on hospital admissions, which was noted to
be statistically insignificant across groups. In previous studies
evaluating the effects of nurse-led programs of care, the findings
regarding hospital admissions were mixed. A recent integrative
review that included 9 studies concluded that there is no clear
evidence that community nurse–led services for older persons
reduced hospital readmissions [40]. A similar finding was
reported by studies involving other patient groups such as
children discharged from hospital [41] and persons with heart
failure [42]. By contrast, in a nurse-led program of care that
focused on delivering a 4-week self-help and empowerment
program for older adults living with chronic diseases, a
significantly lower admission rate was observed for the
intervention group compared with the control group within 84
days of an index admission [25]. Similar findings on nurse-led
interventions leading to lower readmission rates have also been
reported among persons with heart failure [43,44]. Although
the mixed findings may be related to the nature of the
interventions, the context of their delivery, or the timeline for
the endpoint outcome assessment, it is likely that the intensity
of the needs of the individual patients contributed to the
hospitalization rates that were observed. In addition, the
limitation regarding sample size across studies might make it
difficult to draw conclusions. Thus, future studies are needed
to address this concern/limitation to enable stronger conclusions
to be drawn.

Limitations
This meta-analysis has a few limitations. First, moderate to high
heterogeneity was identified among studies that measured
depression, the physical and mental components of QoL, and
hospital admissions, because only 2 or 3 studies were available
on these outcomes. While these studies also varied in terms of
duration, content, length of follow-up, and telecommunication
tool used in the programs, it was difficult to control for these
differences by conducting a sensitivity analysis or a
meta-regression (because there were fewer than 10 studies).
Second, this study did not exclude disease-specific or transitional
self-management programs that were provided by hospital-based
health care professionals. Although these programs were also
intended to promote self-care and health among older adults,
they emphasized disease-specific skill-based training that may
have been different from that in the other included studies.
Participants might also have been more aware of their health
after hospitalization and more willing to adhere to the
recommendations of health care professionals, which led to the
deviations in the results of the meta-analysis. A subgroup
analysis, however, did not reveal differences between studies
that focused on older adults with a specific disease and a general
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older population. Third, the outcome measures chosen in this
study relied on subjective reports from the participants. Future
RCTs may benefit from incorporating objective measurements
of self-care behavior such as frequency of exercise, BMI, and
the pursuit of a healthy diet.

Conclusions
This meta-analysis of 13 RCTs revealed that nurse-led telehealth
self-care promotion programs may effectively improve quality
of care and self-efficacy, and alleviate depression among

community-dwelling older adults. Despite the methodological
limitations of the studies, including variations in the included
samples, the intervention content, and the duration across
studies, these results may be crucial for policymakers and health
care providers to refer to when planning and designing an
effective self-care health promotion program to empower older
adults to take an active role in taking care of their health, be
responsive to their care needs, and eventually to stay in the
community with optimal well-being through the use of
telehealth.
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Abstract

Background: Digital health technologies (ie, the integration of digital technology and health information) aim to increase the
efficiency of health care delivery; they are rapidly adapting to health care contexts to provide improved medical services for
citizens. However, contrary to expectations, their rapid adoption appears to have led to health inequities, with differences in health
conditions or inequality in the distribution of health care resources among different populations.

Objective: This scoping review aims to identify and describe the inequities of health care services brought about by the adoption
of digital health technologies. The factors influencing such inequities, as well as the corresponding countermeasures to ensure
health equity among different groups of citizens, were also studied.

Methods: Primary studies and literature, including articles and reviews, published in English between 1990 and 2020 were
retrieved using appropriate search strategies across the following three electronic databases: Clarivate Analytics’ Web of Science,
PubMed, and Scopus. Data management was performed by two authors (RY and WZ) using Thomson Endnote (Clarivate Analytics,
Inc), by systematically screening and identifying eligible articles for this study. Any conflicts of opinion were resolved through
discussions with the corresponding author. A qualitative descriptive synthesis was performed to determine the outcomes of this
scoping review.

Results: A total of 2325 studies were collected during the search process, of which 41 (1.76%) papers were identified for further
analysis. The quantity of literature increased until 2016, with a peak in 2020. The United States, the United Kingdom, and Norway
ranked among the top 3 countries for publication output. Health inequities caused by the adoption of digital health technologies
in health care services can be reflected in the following two dimensions: the inability of citizens to obtain and adopt technology
and the different disease outcomes found among citizens under technical intervention measures. The factors that influenced
inequities included age, race, region, economy, and education level, together with health conditions and eHealth literacy. Finally,
action can be taken to alleviate inequities in the future by government agencies and medical institutions (eg, establishing national
health insurance), digital health technology providers (eg, designing high-quality tools), and health care service recipients (eg,
developing skills to access digital technologies).

Conclusions: The application of digital health technologies in health care services has caused inequities to some extent. However,
existing research has certain limitations. The findings provide a comprehensive starting point for future research, allowing for
further investigation into how digital health technologies may influence the unequal distribution of health care services. The
interaction between individual subjective factors as well as social support and influencing factors should be included in future
studies. Specifically, access to and availability of digital health technologies for socially disadvantaged groups should be of
paramount importance.
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Introduction

Background
An evolution in health care services is occurring across the
globe in response to an explosion in readily available digital
technologies. The adoption of digital technologies as a means
for citizens to access health and social care is accelerating at an
unprecedented pace, pushing patient-centered care toward digital
health [1]. Many countries and organizations are paying greater
attention to digital health, which has seen a sharp increase in
the release of health policies and reports, such as the United
Kingdom’s Digital Strategy published in 2012 [2], the European
Union’s Europe’s Digital Decade and Digital Europe
Programme [3], the World Health Organization’s Draft Global
Strategy for Digital Health (2020-2025) [4], China’s Outline
of Healthy China 2030 Plan [5], and so on. Digital health refers
to the use of readily available information and communication
technologies for the following: to provide patients with
preventive services, treatment, and education; to promote disease
tracking and monitoring; and to enable consumers to participate
in health care services [6,7]. Digital health is the integration of
digital technology and health information with the aim of
increasing the efficiency of health care delivery and improving
the health of patients [8]. Digital health technology is the
adoption of digital technology in health, with examples being
seen in electronic health records, telemedicine or telehealth
services, robotics, and eHealth, along with mobile health
supported by the use of smartphones, wearables, mobile apps,
and various monitoring devices [9-11].

Lupton [12] had said that “Digital health technologies are
positioned to enable people to effectively become ‘managers’
of their own health and healthcare.” In our internet-enabled
world, the use of digital health technologies is becoming the
core of health care delivery. Studies have shown that digital
health technology can improve health literacy, enhance patient
participation in health care, enable patients to better manage
their own health, and improve health care efficiency, especially
in patients with chronic diseases [13,14]. Digital health
technology interventions, that is, those delivered through digital
technologies, such as smartphones and websites [15], can
improve health care delivery and contribute to the triple aim of
health care, that is, better care, better health outcomes, and
reduction in medical spending [16]. However, compared with
expectations, the rapid development of digital health
technologies has led to health inequities.

Health inequities refer to differences in health conditions or the
distribution of health care resources among different populations
because of social conditions, such as the citizens’place of birth,
growth, life, or work [17]. Although digital health technologies
are being adopted rapidly, it is likely that those who do not use
the internet or mobile devices regularly or have difficulty in
using them, such as older adults, those living in low-income
regions, and people in remote areas with poor internet

connectivity, will be forgotten [18-20]. This phenomenon not
only represents inequities among income, education, and age
groups and between the healthiest and least healthy [17] but
also represents inequities in access to and availability of
technology, which is a continuing barrier to the use of digital
health services [21].

The potential of technologies to induce health inequities has
been widely recognized [22]. As early as 2016, the World
Bank’s Information Industry Report identified that information
technology innovations have the potential to lead to new
inequities [20]. The report stated that those who are wealthy
and better educated are well positioned to take advantage of the
internet. However, many global citizens do not have access to
the internet. In some regions where women have low
socioeconomic status (SES), they are discouraged from going
on the web and do not have access to cell phones [20]. In
addition, there are still people in parts of the world who are
illiterate and do not benefit from access to the internet. Some
studies found that mobile health interventions can exacerbate
treatment disparities [23,24]. Digital health technology
interventions work better for those who are already better off—a
situation that can induce inequities. This phenomenon is well
established in public health and is referred to as
Intervention-Generated Inequalities [19]. Socially disadvantaged
groups [25] have more challenges in access to and availability
of digital health technologies [26], which may lead to more
severe health inequities.

Objectives
From an ethical perspective, health equity is more important
than health inequity as the latter can have negative social and
economic consequences [27]. The databases of Cochrane, JBI
Evidence Synthesis, and PROSPERO (the international
prospective register of systematic reviews administered by the
University of York’s Centre for Reviews and Dissemination)
show that there is no literature review to date on inequities
caused by the application of digital health technologies in health
care services. The aim of this scoping review is to systematically
review and synthesize information on health inequities in health
care delivery resulting from digital health technologies and to
provide insights for future research and practice. Such a review
can provide a better understanding of the health inequities
caused by digital health technologies, the influencing factors,
and countermeasures and can inform future corresponding policy
decision-making to ensure health equities among different
citizen groups, and thereby achieve social equity and stability.

Methods

Overview
This scoping review used the framework of Arksey and
O’Malley [28], which comprises the following five stages:
identifying the research question; identifying relevant studies;
study selection; data extraction and analysis; and collating,
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summarizing, and reporting the results. The reporting of the
scoping review was guided by the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) checklist; for details of items
included in the checklist, please see Multimedia Appendix 1
[29]. In addition, the study was registered in an open science
framework and an independent registry. The registration type
of this scoping review is open-ended and the registration digital
object identifier is 10.17605/OSF.IO/A5R7F.

Search Strategy
The electronic databases Clarivate Analytics’ Web of Science,
PubMed, and Scopus were searched for articles published in
English between 1990 (in the late 1990s, the combination of

medical care and technology gave birth to a new field called
eHealth [30]) and 2020. Two coauthors (RY and WZ) developed
and performed a Boolean search strategy based on SPIDER
(Sample, Phenomenon of Interest, Design, Evaluation, Research)
type—a search tool used to identify relevant qualitative and
mixed method studies [31]. The search frame included
phenomenon of interest (digital technologies, such as ehealth
or telehealth*), evaluation (inequit*), and research type (primary
studies and literature including articles or reviews; see Table 1
for details). Through a review of the keywords that appeared in
the title or summary field of each article, a list of literature was
retrieved. The title information was then exported to EndNote
X9 (Clarivate Analytics, Inc) for evaluation to promote the
selection process and collaboration among reviewers.

Table 1. Database search strategy.

Number of resultsSearch strategyDatabase

910TS= (eHealth OR telehealth* OR telemedicine OR mHealth OR mobile health OR health IT OR health infor-
mation technolog* OR health informat* OR digital health* OR digital health technolog* OR [ICT AND
(health* OR healthcare settings OR healthcare delivery OR healthcare service*)] OR [technolog* AND
(health* OR healthcare settings OR healthcare delivery OR healthcare service*)]) AND TS= inequit*. Time
span=January 1, 1990, to December 31, 2020.

Web of science

566(1990[Date—Publication]: 2020[Date—Publication]) AND (eHealth[Title/Abstract] OR telehealth*[Title/Ab-
stract] OR telemedicine[Title/Abstract] OR mHealth[Title/Abstract] OR mobile health[Title/Abstract] OR
health IT[Title/Abstract] OR health information technolog*[Title/Abstract] OR health informat*[Title/Abstract]
OR digital health*[Title/Abstract] OR digital health technolog*[Title/Abstract] OR [ICT(Title/Abstract) AND
(health*[Title/Abstract] OR health care settings[Title/Abstract] OR health care delivery[Title/Abstract] OR
health care service*[Title/Abstract])] OR [technolog*(Title/Abstract) AND (health*[Title/Abstract] OR health
care settings[Title/Abstract] OR health care delivery[Title/Abstract] OR health care service*[Title/Abstract])]
OR [telemedicine(MeSH Terms)]) AND (inequit*[Title/Abstract]).

PubMed

849(TITLE-ABS-KEY[eHealth] OR TITLE-ABS-KEY[telehealth*] OR TITLE-ABS-KEY[telemedicine] OR TITLE-
ABS-KEY[mHealth] OR TITLE-ABS-KEY[mobile health] OR TITLE-ABS-KEY[health IT] OR TITLE-ABS-
KEY[health information technolog*] OR TITLE-ABS-KEY[health informat*] OR TITLE-ABS-KEY[digital
health*] OR TITLE-ABS-KEY[digital health technolog*] OR [TITLE-ABS-KEY(ICT) AND (TITLE-ABS-
KEY[health*] OR TITLE-ABS-KEY[healthcare settings] OR TITLE-ABS-KEY[healthcare delivery] OR TITLE-
ABS-KEY[healthcare service*])] OR [TITLE-ABS-KEY(technolog*) AND (TITLE-ABS-KEY[health*] OR
TITLE-ABS-KEY[healthcare settings] OR TITLE-ABS-KEY[healthcare delivery] OR TITLE-ABS-
KEY[healthcare service*])]) AND TITLE-ABS-KEY(inequit*) AND PUBYEAR AFT 1989 AND PUBYEAR
BEF 2021.

Scopus

Inclusion Criteria
Studies were considered eligible if they met the following
criteria: (1) published in English between the years 1990 and
2020, (2) either a primary study or literature review, and (3)
discussed health inequities related to digital health technology
interventions or explored the influencing factors for digital
health inducing health inequities or the countermeasures to
alleviate health inequities.

Exclusion Criteria
Studies considered ineligible included those that only related
to the following: (1) books or book sections or editorials,
commentary, and columns; (2) studies beyond the reach of the
full text; (3) public health intervention and policy intervention
measures; (4) the design of health technology, service systems,
or frameworks to make up for health differences; or (5) studies
that did not explore the relationship between digital health
technologies and health inequities.

Study Selection
After designing the search strategy, inclusion criteria, and
exclusion criteria, the literature was reviewed according to the
PRISMA-ScR process [29]. A total of 2325 records were
collected from the following electronic databases: Clarivate
Analytics’ Web of Science, PubMed, and Scopus. To review
the relevance of the literature, coauthors RY and WZ screened
the titles and abstracts of all remaining records after the removal
of duplicates. All full texts were read and analyzed by 2
individual researchers (RY and WZ), and individual data
extraction forms were then merged into a single, unifying
document that was used for the interpretation and presentation
of results. Discrepancies were adjudicated by the corresponding
authors. Next, the full article text of the retrieved results was
examined by RY and WZ based on the inclusion and exclusion
criteria. Of the 2325 papers, 41 (1.76%) papers were identified
for the systematic analysis, as illustrated in Figure 1.
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) procedural flowchart.

Data Extraction and Analysis
A bespoke data extraction form was used to systematically
extract information relevant to the descriptive information. Data
were extracted from each article to describe the following: (1)
the characteristics of each study (including author, year of
publication, publication country, and methods used), (2) the
concrete embodiment of the inequity of health care services
brought about by the application of digital health technology,
(3) the factors contributing to the inequities in health care
services resulting from the adoption of digital health technology,
and (4) the measures used to mitigate health inequities.

Furthermore, a qualitative descriptive synthesis [30] was
performed to determine the outcomes of this scoping review.

Results

Overview of the Included Studies
Of the 41 papers retained, the earliest publication related to
health inequities caused by digital health technologies was
published in 1993. Thereafter, the number of relevant
publications remained at 0 from 1994-2003, fluctuated between
0 and 2 from 2004-2016, and grew after 2016, reaching a peak
of 14 in 2020, as shown in Figure 2.
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Figure 2. Change in trend of number of publications over time.

The United States published the greatest number of papers on
the topic, accounting for 46% (19/41), followed by the United
Kingdom (8/41, 20%), and Norway (3/41, 7%), whereas other
countries published only 1 or 2 papers, as shown in Table 2. Of
the 41 records, 6 (15%) were literature reviews, 17 (41%)

records used a quantitative approach, 15 (37%) records used a
qualitative approach, and 3 (7%) records used mixed methods.
Specific information on the included studies is presented in
Table 3.

Table 2. Statistics of literature publications in different countries (N=41).

Number of literatures, n (%)Country

1 (2)Australia

1 (2)Bangladesh

2 (5)Canada

1 (2)Indonesia

1 (2)Israel

2 (5)Italy

1 (2)Korea

1 (2)Netherlands

3 (7)Norway

1 (2)Switzerland

8 (20)United Kingdom

19 (46)United States

J Med Internet Res 2022 | vol. 24 | iss. 3 |e34144 | p.134https://www.jmir.org/2022/3/e34144
(page number not for citation purposes)

Yao et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 3. Overview of included studies.

Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies: estab-

IncomeAccess to health care
resource: medical in-
surance access

Quantitative ap-
proach

Korea1993Yang [32]

lish national health insur-
ance

Countermeasures of
technology providers:

Age and SESbN/AaQualitative ap-
proach

Switzerland2004Steiger et al [33]

design high-quality web-
sites

Countermeasures of gov-
ernment agencies: struc-

SESAccess to health care
resource: technical ac-
cess and availability

Qualitative ap-
proach

United States2007Viswanath et al [34]

tural adjustment at the
policy system level

Countermeasures of gov-
ernment agencies: free

Economy, age, and
eHealth literacy

Access to health care
resource: technology
acquisition

Quantitative ap-
proach

United States2009Kim et al [35]

PCs, internet connec-
tions, and help from
nursing students and ac-
commodation staff

N/ASES and health litera-
cy

Health and disease
outcome: disease
mortality

Qualitative ap-
proach

Norway2010Andreassen et al [36]

Countermeasures of gov-
ernment agencies: give

SESHealth and disease
outcome: disease risk

Qualitative ap-
proach

United States2012Goldberg [37]

priority to people with
diseases

Countermeasures of gov-
ernment agencies and

Health condition and
economic barriers

N/AQuantitative ap-
proach

United Kingdom2013Jones [38]

health care service re-
ceivers: provide technical
support, medical institu-
tions take actions or vol-
unteer services

N/AN/AAccess to health care
resource: technology
acquisition

OverviewUnited States2013Jennings et al [23]

Countermeasures of
health care service re-

SES and ageAccess to health care
resource: technology

Combination of
qualitative and
quantitative

United Kingdom2014McAuley [18]

ceivers: develop informa-
tion and skills for access
to digital technology

acquisition; health and
disease outcome: in-
creased risk of disease

N/AAgeAccess to health care
resource: technology
acquisition

Quantitative ap-
proach

United States2015Albright et al [39]

Countermeasures of gov-
ernment agencies: role of

Health conditionHealth and disease
outcome: disease risk

Qualitative ap-
proach

Italy2015Matteucci [40]

community and health
professionals

N/AN/AAccess to health care
resource: digital partic-
ipation

Quantitative ap-
proach

United Kingdom2016Mierlo et al [41]

Countermeasures of
technology providers:

eHealth literacy, age,
SES, rural, and sexual
orientation

Health and disease
outcome: disease
prevalence, mortality;
access to health care

OverviewCanada2017Latulippe et al [42]

universal eHealth care
tool and technology de-
signresource: technology

acquisition
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Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies: health
inequities monitoring
embedded in national
health information sys-
tem

N/AHealth and disease
outcome: Health out-
comes; access to
health care resource:
technical services

Qualitative ap-
proach

Indonesia2017Hosseinpoor et al [43]

Countermeasures of gov-
ernment agencies and
technology providers: in-
vest in resources and
time or technical design
that is easy to understand
and health professionals
publish relevant policies

Education level and
health literacy

N/AQualitative ap-
proach

United States2018Veinot et al [19]

Countermeasures of gov-
ernment agencies: devel-
op more detailed strate-
gies to bridge the digital
divide

Age, education, and
eHealth literacy

Access to health care
resource: digital
health technologies

Quantitative ap-
proach

Netherlands2018Bol et al [44]

N/ASES, health condition,
age, and race

Health and disease
outcome: disease
morbidity and mortali-
ty

OverviewItaly2018Weiss et al [45]

Countermeasures of
health care service re-
ceivers: the role of li-
braries in providing re-
sources

Age, SES, and ruralAccess to health care
resource: technical
services

Qualitative ap-
proach

United Kingdom2019Gann [46]

Countermeasures of gov-
ernment agencies and
medical institutions:
health science re-
searchers should consider
the population with needs
and insufficient coverage

Age and SESAccess to health care
resource: digital
health technologies

Quantitative ap-
proach

United States2019Toscos et al [47]

N/ARaceHealth and disease
outcome: health out-
comes

Qualitative ap-
proach

United States2019Sherman et al [1]

N/AN/AHealth and disease
outcome: health out-
comes

Quantitative ap-
proach

United States2019Parker et al [48]

N/ASES, age, and health
condition

Access to health care
resource: technical
services; health and
disease outcome: dis-
ease morbidity and
mortality

Quantitative ap-
proach

Norway2019Hansen et al [49]

Countermeasures of gov-
ernment agencies: health
promotors must under-
stand and explain the
complex interaction
among digital literacy,
health literacy, and basic
literacy

SES and health litera-
cy

Access to health care
resource: technical
services

Qualitative ap-
proach

Australia2012Baum et al [50]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e34144 | p.136https://www.jmir.org/2022/3/e34144
(page number not for citation purposes)

Yao et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies and
technology providers:
health professionals
should receive better
training in the evidence

and use of DHIc; the par-
ticipant should be consult-
ed during the design and
implementation phase of
the technology

RaceN/AQualitative ap-
proach

United Kingdom2019Banerjee [51]

Policy documents should
focus on inequities

EconomyN/AQualitative ap-
proach

United Kingdom2019Rich et al [52]

Countermeasures of
health care service re-
ceivers: raising public
awareness and political
incentives

Age, SES, and digital
health awareness and
skills

Access to health care
resource: technical
services

Combination of
qualitative and
quantitative

Bangladesh2020Ahmed et al [53]

N/AEducationHealth and disease
outcome: disease
mortality

Quantitative ap-
proach

United States2008Glied et al [54]

N/ARace, income, and
health condition

Health and disease
outcome: health out-
comes

OverviewCanada2020Fujioka et al [55]

N/AAge, SES, rural, and
digital resources

Health and disease
outcome: health out-
comes

Qualitative ap-
proach

United States2020Khilnani et al [56]

Countermeasures of
health care service re-
ceivers: public libraries
provide equipment and
hardware support

Rural and broadband
coverage

Access to health care
resource: technical
services

Quantitative ap-
proach

United States2020DeGuzman et al [57]

Countermeasures of gov-
ernment agencies: encour-
age enterprises to donate
tablets, smartphones, and
laptops, and provided
tablet devices to hospi-
tals, nursing homes, and
hospice care institutions

Economy and ageHealth and disease
outcome: health out-
comes

Qualitative ap-
proach

United Kingdom2020Gann [58]

N/AAge and SESN/AQuantitative ap-
proach

United States2020Bommakanti et al [59]

N/ASESHealth and disease
outcome: health out-
comes

Quantitative ap-
proach

Norway2020Weiss et al [60]

N/ARace, SES, and place
of residence

Access to health care
resource: access and
availability of technol-
ogy

OverviewUnited Kingdom2020Nittas et al [24]

N/ASES, race, age, and
health condition

Access to health care
resource: technical
services

Quantitative ap-
proach

United States2020Karri et al [61]

N/AAge and ruralN/AQuantitative ap-
proach

Israel2020Jaffe et al [62]

N/ADigital literacy and
skills and provision of
broadband facilities

Access to health care
resource: digital
health technologies

Combination of
qualitative and
quantitative

United States2020DeGuzman et al [63]
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Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies:
strengthen the national
digital health strategy
and the governance of
human rights–oriented
digital health technolo-
gies at the national level

Digital literacyAccess to health care
resource: technical
services

Qualitative ap-
proach

United States2020Sun et al [64]

N/ASocioeconomic fac-
tors, age, and race

Health and disease
outcome: health out-
comes and care

Quantitative ap-
proach

United States2019Ukoha et al [65]

N/AAge, race, income, ru-
ral, health condition,
and health literacy

N/AReviewUnited States2020Hamideh et al [66]

N/AIncome level, rural lo-
cation of the hospital
and insurance status

Health and disease
outcome: treatment
results

Quantitative ap-
proach

United States2020Erhunmwunsee et al
[67]

aN/A: not available.
bSES: socioeconomic status.
cDHI: digital health intervention.

Inequities Caused by Digital Health Technologies
Health inequities were reflected in 2 aspects. The first was
access to and availability of digital health technologies by
different social groups, with 19 (46%) of the 41 studies
describing unfair distribution. Among these 19 studies, 9 (47%)
studies referred to a lack of network infrastructure (eg, internet
broadband access, satellite towers, and power) and the
availability of smartphones or computers when using digital
health technologies [32,39,41,43,47,53,57,63,64]. A study
pointed out that access to home-based telemedicine was
inequitably distributed in the United States owing to the limited
reach of fixed broadband in rural areas [57]. Of the 41 studies,
12 (29%) studies reported an unfair phenomenon of digital
exclusion [19,23,24,34,35,41,44,46,49,50,61,64]. A study
described how, without proper planning and safeguards, digital
health technologies can contribute to expanding health inequity,
widening the digital divide that separates those who can from
those who cannot access such interventions [64].

The remaining (17/41, 41%) studies discussed the related health
outcomes caused by the lack of or limited access to digital health
technologies [1,18,36,37,40,42,43,45,48,49,54-56,58,60,65,67].
Researchers have reported different health outcomes following
the introduction of digital health technology interventions,
including disease incidence rates and mortality, with particular
attention paid to chronic diseases and Black groups
[49,56,58,60]. For example, the average blood sugar level of
diabetic patients who use innovative health technologies
generally drops [49], and the use of robotic lobectomy is limited
by sociodemographic factors, leading to significant treatment
differences in patients with lung cancer [67].

Factors Leading to Health Inequities
Most (37/41, 90%) papers reported the factors that influence
health inequities brought about by digital health services. Of
these 37 studies, 18 (49%) studies reported the important role

of age in determining whether patients use or do not use digital
health technologies, especially among the older adults
[18,33,35,39,42,44-47,49,53,56,58,59,61,62,65,66]. Race and
ethnicity have long been considered as one of the causes of the
causes of health inequities [51]; the acknowledged health
benefits of eHealth or mobile health initiatives have seen limited
applicat ion among Black communit ies
[1,24,42,45,51,55,61,65,66]. In addition, some studies (8/41,
20%) reported that citizens living in rural areas were affected
by poor access to and availability of digital health technologies
resulting from limited internet broadband coverage
[24,42,45,46,56,57,62,66]. In rural areas with multiple health
barriers, the unequal distribution of health information is more
complex and, therefore, may exacerbate rather than narrow the
gap [68]. Furthermore, SES (eg, education and income) [69]
was also discussed. Some (18/41, 44%) studies have reported
differences in the acquisition and adoption of digital health
technologies by different groups of citizens based on a
combinat ion of  income and educat ion
[18,24,33,34,36,37,42,44,46,47,49,50,53,56,59-61,64], whereas
others (13/41, 32%) have independently explored the 2
dimensions of income [32,35,38,52,55,58,65-67] and educational
attainment [19,44,54,62].

In addition to the above factors, poor health conditions have
been observed to hinder access to digital health technologies at
a physical level [38,40,45,49,55,61] or a lack of confidence in
health advice and health decision-making at a psychological
level [38,42]. A literature review found that some people may
have difficulty learning to use the internet because of visual or
hearing impairment, arthritis, or hand movement difficulties
[38]. Studies (11/41, 27%) have also pointed out that the
so-called low eHealth literacy (defined as “the ability to seek,
find, understand, and appraise health information from electronic
sources and apply knowledge gained to addressing or solving
a health problem” [70]), including a lack of awareness of digital
health services, literacy, and skills, as well as the understanding
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of the operation mode and availability of digital health, may
reduce acceptance of digital health technologies
[20,35,36,38,41,42,50,53,63,64,66].

Countermeasures Lessening Health Inequities

Measures of Government Agencies and Medical
Institutions
Government agencies and medical institutions are required to
alleviate the inequities in digital health technology interventions.
This study identified that human rights–oriented digital health
technologies should be strengthened at the national level [64]
and new research trajectories for policy documents must explore
how culture, practice, and power relationships influence access,
availability, and engagement with digital health technologies
[34,52]. Furthermore, those who develop and apply these
interventions, including policymakers and public health
professionals, should have a better understanding of whether,
how, and under what circumstances digital health technology
interventions can overcome inequities and realize their potential
[19,40,51,61]. Studies (2/41, 5%) have also recommended that
the monitoring of health inequities be embedded within national
health information systems and suggested that hybrid web-based
and offline interventions can ameliorate health inequities
[20,43].

Studies (4/41, 10%) reported that government agencies and
medical institutions should provide help with resources, whereby
government agencies could establish universal health insurance
[32], provide free PC and internet connection help [35,38], and
provide limited resources to treat disabled populations, such as
those with brain injuries [37]. At the same time, government
agencies should ensure increased public funding input [65] and
encourage companies to donate tablets, smartphones, and laptops
to hospitals, care homes, and hospice facilities [58] to make the
use of services more accessible to socially disadvantaged groups,
such as families who were not originally connected to the
network [47].

Actions of Digital Health Technology Providers
Digital health services are inseparable from the design and
development of targeted digital health technology. A study in
Switzerland [33] proposed the adoption of high-quality internet
portals with hashtags to promote autonomous learning and use
among citizens. A study pointed out that most digital health
technologies were not designed for socially disadvantaged
groups, such as older adults or those with limited health literacy
skills [47]. Therefore, the individual needs of groups should be
carefully considered, including those of groups that need to be
consulted during the design and implementation stage [42,51];
resources and time should be invested in the design of
easy-to-understand language [19] and bespoke digital health
tools should be created and popularized to maximize
acceptability [51].

Recommended Measures for Health Care Service
Receivers
The eHealth literacy of health care service receivers is an
important factor hindering access to digital health services.
Addressing health inequities depends on increasing public

awareness [53]. Some studies (5/41, 12%) suggested that
relevant technical tools and volunteers can be provided [1,38]
to develop patients’ confidence and skills in digital technology
access and improve their eHealth literacy [18,38,50,58]. In
addition, some studies (2/41, 5%) reported on the important
role of libraries. As a special public space, libraries have unique
benefits, including auxiliary digital access, health information
resources and services [46,57], and the voluntary services they
provide, which can help patients improve their health literacy
[46].

Discussion

Principal Findings
This scoping review identifies and describes the health inequities
in health care services brought about by the adoption of digital
health technologies. The evolution of publications over time
and their distribution by country in the included literature
reflects the concerns of related researchers to some extent. The
rate at which the related literature has increased over time is
consistent with the developing trend in health information
technology. The included literature that has been published from
12 countries indicate the specific prevalence of health inequities
on a global scale. Among them, the United States and the United
Kingdom have published the most papers, mainly because they
were the first to invest heavily in digital health information.
Accordingly, health inequities caused by digital health
technologies have been quickly noticed and studied.

The health inequities caused by digital health technologies
highlight that not all citizens have equal access to and use of
interventions, resulting in different health outcomes for the
population. From our analysis of the studies investigated, we
identified that these indicators, including age, race, SES, health
conditions, eHealth literacy, and geographic location, all affect
health inequity among groups. First, most theoretical
frameworks that are widely used to understand the adoption of
new technologies by users, such as the technology acceptance
model, the extended unified theory of acceptance and use of
technology, and the diffusion of innovations theory, have
demonstrated potential individual differences by considering
factors such as age and race. Regarding age, we found that older
patients had less ownership, which was consistent with other
studies [59,71]. During the COVID-19 pandemic, mobile smart
devices have been the most effective way for people to seek
medical treatment. The older adults may be unable to use mobile
devices to register health codes or even for medical service
preregistration. However, their long-term demand for medicines
is higher [46], reflecting the gap in the use of digital health
technologies among different age groups. Rogers [72], in his
book Diffusion of Innovations, proposed that the older adults
belong to laggards; they are relatively conservative when they
encounter technological innovation and they feel skeptical and
cautious about new things, which may affect their health.
Meanwhile, in terms of gender, previous studies have reported
a general trend that women are more involved in health issues,
eHealth, and social media [49]; however, there are also studies
that report that women in Africa are the least likely to use digital
health technologies worldwide [46]. Moreover, previous studies
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have found that gender and some ethnic differences in internet
use may have disappeared among the general population [73,74]
but differences will still expand with age. Health inequities have
gradually become a social issue that has received attention from
government decision-making departments and related
institutions. The National Institutes of Health added a health
information section to its official website, which includes links
to many health care websites, such as child and adolescent
health, men’s health, women’s health, minority health, and older
adult health, to provide users and inquirers with the ability to
obtain web-based health information.

Second, health inequities caused by socioeconomic status are
prevalent throughout society, and digital health technologies
are accessed to a greater degree by individuals with higher social
standing. Link [75] referred to SES as a fundamental factor in
health inequities. Social causality provides a theoretical
explanation for health inequities and maintains that SES, such
as education and income, are an important cause of health
inequities. The knowledge gap hypothesis [76] holds that as the
mass media increasingly disseminate information to society;
higher SES groups access information at a faster rate than lower
SES groups, so the knowledge gap between these groups will
expand. On the basis of existing studies, the main reasons for
health inequities caused by SES are as follows: (1) increased
income can improve living conditions and access to digital
health technologies and (2) a good educational level provides
advantages in the adoption of digital health technologies [77].
As early as 20 years ago, Gordon Brown, the United Kingdom’s
Chancellor of the Exchequer, announced a plan to shrink the
digital divide, proposing the provision of free internet access
for poor communities, free information technology training,
and 100,000 second-hand computers for low-income families.
As early as 2010, the United States enacted the Affordable Care
Act, which promoted access to and availability of health care
information resource services by inquirers, especially those that
were uninsured and low-income [78].

Third, as health literacy in the digital era may be considered a
prerequisite for solving health problems in web-based
environments [44], it requires people to better understand mobile
health devices such as mobile health apps and how to obtain
health information through the internet. In addition, the level
of health literacy in the digital era determines the severity of
health inequities to a large extent and the level of health literacy
in the digital era is not determined by individuals alone.
Compared with individual-level behavioral interventions, policy-
and system-level interventions often have a greater impact on
a population’s health literacy in the digital era [34,79]. In
February 2000, the US government released the report From
the Digital Divide to Digital Opportunity, pointing out that the
importance of bridging the digital divide lies in the
popularization of professional technology, skills training, and
the practicality of network content.

As a result, it can be found that it is necessary for stakeholders
to take some measures to jointly build patient-centric digital
health technology services to reduce inequities, promoting
greater patient access to and use of high-quality digital health
technology services. First, policymakers and medical
decision-makers should promote digital health technologies to

poverty-stricken areas and provide low-income patients with
free and high-quality health information resources and services,
as appropriate [56]. Second, medical institutions should simplify
the web-based service process and create channels for family
members, relatives, friends, and physicians to make
appointments. Manual service windows, such as registration,
payment, and printing test results, should be reserved to deliver
a combination of web-based and offline medical services [24].
Third, related institutions should increase investment in
education and train individuals in health literacy or health
information literacy to improve health outcomes and reduce
health inequities [44]. Meanwhile, it is suggested that relevant
departments should promote and encourage the older adults,
the poor, the poorly educated, and other socially disadvantaged
groups to use the internet and enrich and standardize the health
information and knowledge of the internet to improve their
eHealth literacy [18,38]. In view of the difficulties in the
application of the internet in daily life, industry training
institutions and experts should be organized to carry out special
training to improve their operational ability with digital health
technologies. Finally, when designing tools, health care service
providers must participate in the development of assistive
technologies, simplifying operations to help individuals who
are older, have poor electronic literacy, or are poorly educated
to overcome difficulties in using the internet and consider the
patient’s reading and writing skills and major languages, as well
as the ways and facilities used [80]. In addition, guide
manufacturers should design and produce special easy-to-use
manuals and video tutorials for the functions of products
commonly used by the older adults [51].

Research Gaps
We found that the literature included in this study still had
certain research gaps. First, from the perspective of research
methods, most of the included literature was based on statistical
analysis and a qualitative approach to confirm the influence of
various factors such as age on health inequities. Future research
can use machine learning, deep learning, and other methods to
explore the impact of more indicators on health inequality, dig
deeper into the incidence relation between indicators, and then
analyze the causal relationship of related indicators to propose
more targeted countermeasures.

Second, in terms of influencing factors, scholars have studied
objective factors such as age, race, rural residence, health
conditions, and eHealth literacy. However, subjective factors,
such as an individual’s willingness to use digital health
technologies and attitudes toward the internet, have not been
studied. Age and education also influence eHealth literacy but
the literature we have included does not study the moderating
effect of age, education, and other factors on the relationship
between eHealth literacy and health inequities. Therefore, future
research could include subjective factors and the social support
received by individuals while considering the moderating effects
of multiple factors.

Finally, from the strategy perspective, the included literature
showed that no more innovative technologies were applied to
socially disadvantaged groups. In the new digital health era,
people are demanding more high-quality and personalized health

J Med Internet Res 2022 | vol. 24 | iss. 3 |e34144 | p.140https://www.jmir.org/2022/3/e34144
(page number not for citation purposes)

Yao et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


care services. In the future, services should be provided to
different socially disadvantaged groups based on their population
classification. The integration of multiple digital health
technologies, such as internet multiparty voice call technology
and virtual reality, could be applied to disease diagnosis and
treatment, virtual reality in surgery, telemedicine, and health
management monitoring to assist individuals in obtaining better
health care services.

Limitations
This study had several limitations. First, we only searched the
literature in the three databases of Clarivate Analytics’ Web of
Science, PubMed, and Scopus, which may have resulted in the
related literature not being retrieved. Second, owing to the large
differences in the types of literature studies and outcome
indicators included in the study, only 17 (41%) of the 41
included articles discussed related health consequences, such
as morbidity and mortality, caused by digital health
technologies. Therefore, we failed to perform a meta-analysis
of quantifiable outcome measures. Third, we aimed to reduce
publication bias, and although our inclusion criteria were broad,
our search was limited to articles written only in English.
Finally, the decision to exclude gray literature, including books
and reports, might have led to the exclusion of relevant literature
that could possibly have been used to widen or further support
the perspectives presented in our results. Nevertheless, as gray
literature includes reports and documents often drafted by
political or special-interest organizations, it is more difficult to
assess underlying biases, which may negatively add bias to our
results.

Conclusions
This scoping review investigates the existing literature on
inequities in health care services caused by the adoption of
digital health technologies. We identified health inequities
brought about by digital health technologies, related influencing
factors, and countermeasures against the inequities. The results
of the review show that health inequities caused by the adoption
of digital health technologies in health care services can be
reflected in the following two dimensions: the inability of the
population to obtain and adopt technology (eg, no access to
technology) and the different disease outcomes among
populations under technical intervention measures (eg, disease
mortality). In addition, this study found that factors (including
age, race, region, economy, and education level), health
conditions, and eHealth literacy had an impact on the inequities.
Government agencies, medical institutions, digital technology
providers, and health care service receivers need to initiate
relevant actions to reduce these inequities. Considering the
increasing number of health technology interventions provided
by mobile technologies, digital health plans that may bring
inequities should be implemented and evaluated more carefully.
Meanwhile, all parties should pay attention to the impact of
individual subjective factors, social support, and the interactions
of different factors. The results of this review can help socially
disadvantaged groups acquire and use digital health technologies
more efficiently, thereby ensuring health equity among different
groups of citizens and achieving social equity and social
stability.
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Abstract

Background: Medical crowdfunding provides opportunities for individuals who lack financial resources to access the health
services that they need. Despite the popularity of medical crowdfunding, the current understanding of the success of medical
crowdfunding campaigns is fragmented and inadequate.

Objective: We aimed to comprehensively investigate which factors lead to the success of medical crowdfunding campaigns.

Methods: A search was conducted in PubMed, PsycINFO, Web of Science, ACM Digital Library, and ScienceDirect from
2010 to June 2020. Papers directly and indirectly related to the success of medical crowdfunding campaigns were included. Two
reviewers independently extracted information on the success of medical crowdfunding campaigns.

Results: Our search yielded 441 articles, of which 13 met the inclusion criteria. Medical crowdfunding is increasingly attracting
academic attention, and most studies leverage text analysis as their research methods; however, there is a lack of consensus on
the definition of medical crowdfunding among researchers. Four categories of factors that affect the success of medical crowdfunding
were identified: platforms, raisers, donors, and campaigns.

Conclusions: Although some limitations exist in our systematic review, our study captured and mapped literatures of the success
of medical crowdfunding campaigns systematically, which can be used as the basis for future research on this topic.

(J Med Internet Res 2022;24(3):e30189)   doi:10.2196/30189

KEYWORDS

medical crowdfunding; success factor; systematic review; methodology; theories; preconceptions; crowdfunding; fundraising;
financial resources; health care

Introduction

Crowdfunding has a massive impact on how people access
health care services [1]. Due to the low requirements and easy
set-up of crowdfunding websites, the usage of crowdfunding
platforms for health-related fundraising is growing increasingly
popular. Crowdfunding platforms, such as GoFundMe,
Kickstarter, and FundRazr, are highly utilized for raising funds
for a variety of causes, especially medical needs [2]. Some
crowdfunding websites report that the category medical
campaigns ranks as the top-grossing [3]. The usage of

crowdfunding websites for medical expenses is expected to
increase by 25% annually [3]. Web-based medical crowdfunding
emerged after 2008, during which the economic crunch led to
an equally enthusiastic increase in the use and accessibility of
social media platforms [4]. Medical crowdfunding is
donation-based and is used to raise money for those who have
medical costs. Medical crowdfunding may represent how people
respond to the gaps in national health payment systems [5];
many health needs that are not met by national health insurance
coverage are reflected in medical crowdfunding platforms [5-7].
The lower the national insurance coverage, the greater the
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number of medical crowdfunding projects [8]. The benefits of
medical crowdfunding include expanding funder participation
in the health market, improving the access to financial support,
drawing funding to neglected health issues, and improving social
engagement [9]. Medical crowdfunding also has been shown
to reduce the rate of personal bankruptcy [10]; therefore, it is
becoming an important way to deal with medical financial
issues.

Generally, the success of a medical crowdfunding campaign
could be defined as the degree to which the medical
crowdfunding campaign achieves or exceeds the goals set by
fundraisers. However, despite the convenience and popularity
of medical crowdfunding websites, the success rates of medical
crowdfunding campaigns on different platforms vary
dramatically. For example, in China, campaigns have been
reported to achieve just 18% of their goals [11], whereas, in the
United States, medical crowdfunding campaigns have achieved
over 40% of their goals on average [4]. Overall, only 10% of
medical crowdfunding campaigns have been reported to reach
their fundraising target [4], and some campaigns reach their
fundraising targets within a short time, while others struggle to
raise their target amount. Success factors of medical
crowdfunding campaigns are factors that lead the campaigns to
achieve or exceed the target amount [12]. Thus, knowing these
factors could help improve the success rate of medical
crowdfunding campaign.

Medical crowdfunding can not only make up for the deficiencies
of health insurance systems but can also address problems such
as limited financing channels and low private capital utilization
rates [1,13,14]. However, the negative consequences of medical
crowdfunding have also become apparent and have been
increasing [3,15-17]. Factors such as low-entry barriers to launch
or donate to campaigns, too much separation between raisers
and donors, and anonymity could increase the risk of fraud in
medical crowdfunding campaigns [18,19]. In addition, the
current understanding of medical crowdfunding success factors
is limited. The importance and potential issues of medical
crowdfunding have stimulated the interest of academic
researchers [20]. Although the success factors of medical
crowdfunding campaigns have been previously considered, each
study has examined the factors from different perspectives and
using samples from different countries. For example, Durand

et al [12] analyzed success factors only from text features. Thus,
current literature on the success factors of medical crowdfunding
campaigns is segmented, lacking the ability to give a holistic
understanding of the factors. A systematic review [21] was
needed to systematically search, critically appraise, and
synthesize studies, to explore the success factors of medical
crowdfunding campaigns. We aimed to comprehensively and
systematically investigate the factors leading to the successes
of medical crowdfunding campaigns.

Methods

Overview
We chose to conduct a systematic review, rather than choosing
another method, for the following reasons: First, a systematic
review could provide a comprehensive understanding concerning
the success factors of medical crowdfunding campaigns. The
comprehensive understanding could be a solid basis for further
studies on this topic. Second, a systematic review could limit
bias in identifying and rejecting bias by using explicit methods.
Third, conclusions of the systematic review may be more
reliable and accurate because it summarizes previous literature
systematically. Fourth, the findings of systematic review could
be used to reduce the delay between scientific discoveries and
implementation. The generalizability of findings could be
established by comparing studied success factors of medical
crowdfunding campaigns [22].

Literature Search
We used PubMed, PsycINFO, Web of Science, ACM Digital
Library, and ScienceDirect databases. These databases were
chosen because they cover most disciplines that study medical
crowdfunding, namely, medicine, information, psychology,
global health, computer science, and business economics.
Keywords and synonyms used in this search revolved around
2 concepts—crowdfunding, and health (Textbox 1). Database
searches were conducted on June 8, 2020 by 2 authors (LZ and
XH) with Library and Information Science expertise. The results
were exported to Zotero (version 5.0.0.0; Corporation for Digital
Scholarship) and organized into folders by database. PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses) was used to document the review process was
used.

Textbox 1. Search strategy. The terms were searched in keyword, Boolean/phrase search modes, and all fields, within PubMed, PsycINFO, Web of
Science, ACM Digital Library, and ScienceDirect respectively

• 11 crowdfunding or crowd funding

• 22 health or disease or illness or medical or hospital or treatment

• 33 1 and 2

Inclusion and Exclusion Criteria
Papers that focused on the success of medical crowdfunding or
other factors related to the success of crowdfunding (eg,
narrative strategies and ethical factors of medical crowdfunding)
published between 2010 and 2020 (because medical
crowdfunding emerged after 2008) within conference
proceedings or journals were included, and papers without

research design details or results or not be written in English
were excluded.

Quality Assessment
Papers were rated for quality using the McGill Mixed Methods
Appraisal Tool version 2018 [23]. Its internal reliability,
usability, and content validity have been verified in several
studies [24,25]. Quality criteria are applied based on the study
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design (qualitative research, quantitative research, mixed method
research) and methodology (such as randomized controlled,
nonrandomized and descriptive studies). We used criteria [23]
for quantitative descriptive studies: (1) Is the sampling strategy
relevant to address the quantitative research question? (2) Is the
sample representative of the population understudy? (3) Are
measurements appropriate? (4) Is there an acceptable response
rate? We also used a quality threshold (75%, ie, meeting at least
3 criteria) defined by a previous study [26]. Papers that did not
meet the threshold were excluded.

Data Analysis
Metadata were extracted and listed in a spreadsheet (Excel,
Microsoft Inc): author region, publication date, data sources,
research questions, data collection settings, methods, results,
discussions, conclusions, and bibliographies. To interpret our
findings, all authors discussed how to present our findings
systematically. Since the conception of medical crowdfunding
is dynamic, we discuss the conception, then summarize
bibliographic and study information. The success factors are

based to the contextual structure of medical crowdfunding.
Since there are 3 main actors in medical crowdfunding, and
they interact with each other based on specific campaigns [7],
we categorized the success factors by platforms, raisers, donors,
and campaigns. Because of the heterogeneity of outcome
measures in studies included in our review, it was impractical
to conduct a meta-analysis. Therefore, findings were qualitative.

Results

Search Results
A total of 441 papers were identified from the 5 databases. After
removing 46 duplicates, titles and abstracts were screened by
2 authors separately. When a difference in opinion arose, a third
author was involved to mediate the discussion to reach
agreement. Using inclusion and exclusion criteria, 27 papers
were chosen for full-text review. After full-text review, 19
papers were assessed for quality, 13 papers were included
(Figure 1).

Figure 1. Summary of literature search and study selection process.

Medical Crowdfunding Preconceptions
Despite the acknowledgment of the benefit of medical
crowdfunding in strengthening health care, there is still a lack
of consensus on what constitutes crowdfunding campaigns in
health care. However, to study the success factors of medical

crowdfunding, we need to have a basic understanding of medical
crowdfunding. Based on previous studies [6-8], we define the
scope of medical crowdfunding as crowdfunding for medical
expenses in hospitals, new drugs in scientific research
institutions, and new treatments (eg, hospitalization expenses,
scientific research funds).
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Description of the Studies
Of the 13 studies (Table 1), 9 studies [4,8,12,27-32] relied
entirely on crowdfunding websites such as GoFundMe. There
were 4 main analytical methods used: text analysis, regression
analysis, semistructured interviews, and exploratory spatial
analysis. Text analysis was used most, with 4 studies using only
text analysis [4,29-31], and 2 studies using text analysis partially
[12,33]. Of the 13 studies, 6 studies were directly related to the

success of medical crowdfunding, and the remaining 7 studies
were indirectly related. The number of publications appears to
be steadily increasing over time, which indicates that this field
is getting more and more attention from scholars and
practitioners because of the particularity of medical
crowdfunding [6,20]. Most studies were from high-income
countries, with the largest source of articles being the United
States [4,12,27,32,33], followed by Canada [30,34].
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Table 1. Study information.

Success factorsMethodData sourcesStudy aimCountryPublication
date (year,
month)

Reference

Campaign description
length; goal amount;

Text analysis, mul-
tiple linear analy-

YouCaringTo identify the factors influenc-
ing the success of crowdfunding
campaigns

United
States

2018,6Durand et
al [12]

third-person description
perspective; cognitive
state

sis, logistic regres-
sion analysis

AuthenticitySemistructured in-
terviews

GoFundMe, YouCar-
ing, Fundly

To investigate how beneficiaries
present their situations and how
contributors view the information
presented

United
States

2018,4Kim et al
[27]

Socioeconomic status;
demographic

Exploratory spatial
analysis

Cancer-related activi-
ties published by Cana-
dians; The 2016 Census

To explore the role of socioeco-
nomic status in medical crowd-
funding campaigns

Canada2019,6van Duyn-
hoven et al
[34]

Profile for aggregate
dissemination area and
area boundaries; for-
ward sortation area
boundaries

Narrative strategiesThematic narrative
analysis

Easy FundraisingMake clear the narrative strategy
of medical crowdfunding article

China2019,8Xu and
Wang [28]

Credibility; individual
prestige

Text analysis and
semistructured in-
terviews

(1) Comment on Reddit
related to the medical
crowdfunding cam-
paign, (2) 20 partici-
pants

To assess the credibility of web-
based medical crowdfunding
campaigns

United
States

2016,5Kim et al
[33]

Number of tweeters; goal
amount; platform avail-

Ordinary least
square regression

Consano, ExperimentTo investigate the determinants
of successful crowdfunding
campaigns in medical research

France2019,7Aleksina et
al [35]

ability; total campaign
number; total fundraising
amount; total donor
number

Media attention; platform
audit; demographic infor-
mation of donors

Text analysisKickstarter, IndiegogoTo determine whether crowdfund-
ing of pharmacy-related products
through popular web-based plat-
forms

United King-
dom

2019,4Holmes et
al [29]

Personal connections;
depth of need; giving
back; ethics

Text analysisFundRazr, Generosity,
GoFundMe, YouCaring

To explore how Canadians can
demonstrate to others that they
should fund their health needs

Canada2017,6Snyder et
al [30]

Professional organization
support; stakeholder sup-

Text analysisA web-based donation
platform

Identify key factors for the suc-
cess of crowdfunding for grown-
up congenital heart patients

Netherlands2018,12Koole et al
[31]

port; easy-to-understand
message

Social media (Facebook)
sharing; demographic in-

Hierarchical multi-
ple regression
analyses

GoFundMeInvestigated how transgender
communities utilize crowdfund-
ing expenses related to gender
affirming medical care

United
States

2019,1Barcelos
and Budge
[32] formation of raiser (age,

location, race, identity)

Medical literacy; media
literacy

Text analysisGoFundMeExplore the usage, impacts, or
consequences of the increasing
reliance on crowdfunding for
health

United
States

2017,8Berliner et
al [4]

Platform type; social re-
turn

Negative binomial
regressions

76 crowdfunding plat-
forms that host health
care campaigns

Examine the worldwide popula-
tion of health care crowdfunding
platforms and explore the rela-
tionship between health care

Italy2019,8Bassani et
al [8]

crowdfunding success and nation-
al health systems
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Success factorsMethodData sourcesStudy aimCountryPublication
date (year,
month)

Reference

Platform design (Search
engine, lists, webpage,
etc); Partnership with
traditional media; Deserv-
ingness; Narratives

Exploratory con-
ceptual and empiri-
cal analysis

An ethnography of US
medical crowd-funding;
a study of global health
crowdfunding; a project
of US medical crowd-
funding campaigns

Map and document how medical
crowdfunding is shaped by, and
shapes, health disparities

Norway2019,11Kenworthy
[36]

Success Factors

Platforms
For platforms, the factors influencing the success of medical
crowdfunding campaigns can be divided into 2 aspects: technical
and social (Table 2).

The technical aspect reflects the functionality of medical
crowdfunding platform in terms of platform audit, platform
availability, platform types and platform design. Platform audit
is the review of campaigns by platforms and could impact
donor’s decision on donation. Review of campaigns by

crowdfunding platforms is closely related to the eventual success
of the crowdfunding campaigns [2]. Platform availability is the
degree to which a medical crowdfunding platform is available
to their users. The availability of the platform positively affects
donor incentive, and thus, project funding results [36]. In
addition, the type of platform can also have impact on
fundraising. Platforms with more extensive publicity are more
popular than specialized, smaller platforms [8]. Platform design
affects donors’ experiences—supportive behavior and word of
mouth helps fundraisers attract the attention of potential donors
[36].

Table 2. Factors influencing the success of medical crowdfunding campaigns from the platforms.

ReferenceFunctionsDefinitionsDimensions and factors

Technical

Holmes et al [29]Reviews of campaigns by crowdfunding plat-
forms affect donor decisions.

Review of campaigns on crowdfunding plat-
forms

Platform audit

Aleksina et al [35]The availability of the platform affects donor
incentives, and thus, campaign funding results.

The degree to which the platform is available
to users

Platform availability

Bassani et al [8]

Aleksina et al [35]

Platforms with more extensive publicity are
more popular than specialized smaller plat-
forms.

Whether the platform is specialized or generalPlatform types

Kenworthy [36]Platform design determines donors’ experi-
ences, and consequently, their donation behav-
ior.

Design elements of the platform including
search engine, lists, webpage, etc

Platform design

Social

Aleksina et al [35]With more categories and projects, more poten-
tial donors visit the platform.

Total number of campaigns initiated in the
platform

Total campaign number

Aleksina et al [35]Higher total amounts raised on the platform
represent higher recognition and acceptance
of the platform.

Total money raised in the platformTotal fundraising amount

Aleksina et al [35]

Barcelos and Budge
[32]

With more donors in the platform, there is a
better possibility of getting funding.

Total number of donors appears in the platformTotal donor number

Kenworthy [36]Traditional media can help medical crowdfund-
ing campaigns get more donors.

Platform collaboration with traditional media
to disseminate the information of its campaigns

Partnership with tradition-
al media

The social aspect reflects interactions inside and outside the
platform in terms of total campaign number, total fundraising
amount, total donor number and total and partnership with
traditional media. The larger the number of categories and
campaigns contained, the larger the number of potential donors
attracted by the platform, and the greater the probability of
receiving donations [37]. If the total amount of fundraising on
the platform is higher, fundraisers who publish campaigns on
the platform have more confidence that they will raise the

amount they want [35]. Moreover, to some extent, the total
number of donors can represent the amount that could be raised
[38]. The number of registered institutions in the platform also
reflects the platform’s position within the industry and the
resources that are available to campaigns in the platform [3].
In addition, partnerships with traditional media allow campaigns
to have opportunities to access mass media and their audiences,
increasing the number of potential donors. With more
interactions, there is more social capital, with higher fundraising
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possibilities [39]. The larger the potential donor base, the higher
the possibility of reaching the target amount [9].

Raisers
The influencing factors from raisers (ie, the beneficiaries) can
be analyzed in terms of 3 aspects: demographic, individual
characteristics, and social (Table 3).

The demographic characteristics of the raisers include age,
nationality, and geographic locations. Younger individuals were
more likely to succeed in health crowdfunding [32]. Location
was also an important factor—raisers in remote areas are less
successful in raising money, while raisers in affluent areas, in
there are more social resources, are more likely to succeed in
raising money [37]. Moreover, raisers with higher levels of
education and higher income were shown to be more likely to
attract the attention of potential donors and thus get donations
[34].

Successful crowdfunding campaigners had better media literacy
and medical literacy [4]. Raisers with high media literacy are
more likely to spread their message across social media
platforms and attract potential donors. Raisers with higher
medical literacy are more likely to provide accurate
disease-related and health care information [4]. In addition,
once raisers are perceived to be deserving, their campaigns
attract many donors and succeed in raising funds [36].

Social factors included personal connections, stakeholder
support, professional organization support, and individual
prestige. Raisers’personal connections establish social networks
and can share links, which allows more potential donors to see
the information of the campaigns, thus obtaining more funds.
Gaining the support of stakeholders and professional
organizations makes it easier to successfully raise funds for
medical crowdfunding campaigns [31], and if raisers have high
individual prestige, they are more likely to gain trust and support
from donors in social networks [30].

Table 3. Factors influencing the success of medical crowdfunding campaigns from the raisers.

SourcesFunctionsDefinitionsDimensions and factors

Demographic

Aleksina et al [35];
Barcelos and Budge
[32]

Younger people are more likely to succeed in
health crowdfunding.

AgeAge

van Duynhoven et al
[34]

Raisers with higher levels of education are more
likely to attract the attention of donors (higher
donation possibility).

Level of educationEducation level

van Duynhoven et al
[34]

Raisers with higher income are more likely to at-
tract the attention of donors (higher donation
possibility).

IncomeIncome

Barcelos and Budge
[32]

Raisers are more likely to get help from people
in or near their districts, especially in wealthier
places.

Where raisers resideGeographical location

Individual characteristics

Berliner and Kenwor-
thy [4]; Holmes et al
[29]

The raisers of successful crowdfunding campaigns
have good media literacy.

Raisers’ ability to make use of different
media

Media literacy

Berliner et al [4]A certain level of medical literacy (of raisers) fa-
cilitates the proper description of the disease and
relevant understanding of the health care system.

Raisers’ability of leverage different medical
knowledge

Medical literacy

Kenworthy [36]Once raisers are perceived to be deserving, their
campaigns attract many donors, and they succeed
in raising funds.

The degree to which raisers are thought to
be deserving of receiving donations

Deservingness

Social

Snyder et al [30]The scale of raisers’ personal connections has a
positive effect on the success rate of fundraising.

Raisers’ personal connections with others
including their families, friends, and col-
leagues

Personal connections

Koole et al [31]The support from stakeholders and professional
organizations makes fundraising easier.

Raisers get support from different stakehold-
ers and professional organizations

Stakeholder and profes-
sional organization sup-
port

Kim et al [33]; Sny-
der et al [30]

The prestige of raisers can serve as the signal of
the credibility and success of their campaigns.

Raisers’ personal respect and admiration
from others inside and outside the platform

Individual

prestige
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Donors
The determinants of intention to donate in donors can be mainly
divided into demographic and individual characteristics (Table
4).

Donor gender [40,41], age [29], education level [29], income
[29], and geographical location [35] had significant effects on
donation behaviors. Younger donors were more willingness to
donate [32], and people with higher education and income level
were more likely to donate [42]. Donors were more willing to
contribute to crowdfunding campaigns in or near their own
regions [35]; therefore, geographic inequity exists, which is
compounded by social, technological, and cultural issues [4].

Individual characteristics included cognitive state and social
returns. Cognitive state is state invoked in the donor in reading
a campaign’s description [12]. If donors feel threatened by
reading the negative campaign descriptions, they hesitate to
donate. When donors are aware the importance and urgency of
the raiser's medical crowdfunding campaigns, they have higher
willingness to donate [43]. Social return is a major intrinsic
motivation for individuals or groups to donate to medical
crowdfunding campaigns [4]. People with prosocial values and
who participate more in charitable activities donate more
willingly [44]. Donors with intrinsic motivation have high
willingness to donate.

Table 4. Factors influencing the success of medical crowdfunding campaigns from donors.

SourcesFunctionsDefinitionsDimensions and factors

Demographic

Holmes et al [29]Younger donors have higher willingness to donate.AgeAge

Holmes et al [29]Donors with higher levels of education have higher willing-
ness to donate.

Level of educationEducation level

Holmes et al [29]Donors with higher income have higher willingness to do-
nate.

IncomeIncome

Aleksina et al [35];
Berliner and Kenwor-
thy [4]

Donors are more willing to contribute to crowdfunding
campaigns in or near their own regions.

Where raisers resideGeographical location

Individual characteristics

Durand et al [12]Donors may feel threatened by negative campaign descrip-
tions and social pressure to donate. The positive cognitive
state invoked by the campaign description would promote
donors’ donation behavior.

The cognitive state of the donor
when they read the campaign

Cognitive state

Bassani et al [8]The more returns to the society from the donation, the more
possibility donors would donate.

The intrinsic motivation of donors
to give back to society

Social returns

Campaigns
Success factors for campaigns can be divided into 2 aspects:
the format and the content (Table 5).

Format-related factors include goal amount, campaign
description length, third-person description, and social media
sharing. When a campaign is close to its fundraising goal, it
encourages donation behavior and increases the likelihood of
project success [40,45]. Longer campaign descriptions and
higher goal amount were significantly associated with amount
raised [12]. In addition, third-person perspective in the
description can convey a patient’s positive qualities in a way
that would be not acceptable in the first-person perspective due
to the testimonial effect [12]. It is also critical for crowdfunding
campaigns to leverage social media [35]. The amount raised
was strongly correlated with updates and shares in social media
[12]. One additional tweet or retweet with more personal
comments could enhance the probability of success of
crowdfunding campaigns [35].

Content-related factors included the narrative strategy,
authenticity, credibility, being easy to understand, giving back,

and depth of need. Illness narratives represent the personal story
and illness experience that patients are sharing verbally or in
writing [28]. The narration style not only affected the efficiency
of the dissemination of health information but also heavily
affected on the potential donors' cognitions, attitudes, and
behaviors [28]. Authenticity, which can be conveyed by pictures
of raisers that depict their medical conditions, increases the
possibility of donations. Funding is more accessible when the
presented narratives of campaigns were credible [46]. To
demonstrate the credibility of campaigns, many methods,
including collective endorsements, presenting details of external
financial support, displaying off-site verification details (of
ailment, incident, and treatment), providing verification of
fundraiser and beneficiary identities, and using a popular and
trusted platform, can be used [33].

Easy-to-understand information in the campaign description
gives potential donors a clear picture of the campaign [31]. In
addition, portraying the beneficiary as someone who selflessly
gives back to society not only helps establish the positive image
of raisers, but also, inspires the donors themselves [30]. Patients
in urgent need of funds because of disease or for treatment are
easy to obtain donations from potential donors [30].

J Med Internet Res 2022 | vol. 24 | iss. 3 |e30189 | p.153https://www.jmir.org/2022/3/e30189
(page number not for citation purposes)

Hou et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 5. Factors influencing the success of medical crowdfunding campaigns from campaigns.

SourcesFunctionsDefinitionsDimensions and factors

Format

Durand et al [12];
Aleksina et al [35]

Goal amount has a positive impact on cam-
paign success.

The objective amount of money the campaign
plan to raise.

Goal amount

Durand et al [12]Campaign description length has a positive
impact on campaign success.

The length of the medical crowdfunding cam-
paign description.

Campaign description
length

Durand et al [12]The third-person perspective makes the story
more objective and realistic, which makes it
more convincing.

The narrative perspective of the campaign is
the third person.

Third-person description
perspective

Barcelos and Budge
[32]

The more shares and likes potential donors see,
the more likely they are to donate.

The number of shares and likes of campaigns
in social media which connect to the platform.

Social media sharing

Content

Durand et al [12];
Koole et al [31];
Kenworthy [36]

Narrative strategies such as more positive
emotions, more information, and appropriate
arousal level have impacts on crowdfunding
success.

The way that raisers describe their illness and
ask for donations.

Narrative strategy

Kim et al [27]Potential donors payed attention on their im-
pression of raisers’ authentic medical condi-
tions and make their decisions based on it.

The content of medical crowdfunding cam-
paigns is authentic.

Authenticity

van Duynhoven et al
[34]; Kim et al [33];
Koole et al [31]

Credibility of campaigns which could be
formed based collective endorsement have
impacts on the success of medical crowdfund-
ing campaigns.

Credibility of medical crowdfunding cam-
paigns.

Credibility

Koole et al [31]Easy-to-understand information helps potential
donors get a sense of the raisers’ intention,
which in turn helps donors make decisions.

The degree to which the message is easily un-
derstood.

Easy-to understand mes-
sage

Snyder et al [30]The past efforts of the raisers on behalf of
others were used as a rationale for the potential
donors to contribute to the crowdfunding
campaign.

Portraying the raisers as someone who selfless-
ly gives back to society.

Giving back

Snyder et al [30]The urgency of need for help would determine
the success of raising money.

Campaign content reflects the urgent need of
funds to solve health problems.

Deep of need

Discussion

Principal Findings
By investigating 13 studies, the key factors of successful medical
crowdfunding campaigns were extracted. On this basis, we
conducted a more in-depth review and provide a comprehensive
understanding of the factors that influence successful campaigns.
We find the success factors of medical crowdfunding campaigns
could be divided into 4 categories: platforms, raisers, donors,
and campaigns. The success factors involve the main actors in
the whole medical crowdfunding campaigns, but campaign
factors were more frequently studied than other factors. Platform
factors, however, played an important role in medical
crowdfunding [47], because platforms are important in linking
donors and raisers [48]. There were relatively few studies related
to donors; thus, future studies could pay more attention to this
area. Despite the widespread use of medical crowdfunding, to
the best of our knowledge, this is the first systematic review
that examines the factors that lead to successful medical
crowdfunding campaigns.

Implications
The 4 categories of successful factors that are actors in medical
crowdfunding interact with each other [7,49,50]. First, raisers
register in the platforms to initiate campaigns to raise money
for medical expenses with illness narratives, which include
fundraising goals, fundraising time, and fundraising events.
Second, the medical crowdfunding platforms conduct a
preliminary review to release the campaigns. Third, managers
of the platforms give the funds raised from the public to the
campaigners after the relevant processing charges are collected.
A crowdfunding campaign will be success if all the above steps
are were successfully implemented.

Theory for understanding the success factors of medical
crowdfunding can be developed from our findings. None of
articles included in this review take strong theoretical
perspective to help analyze, explain, and predict the success
factors of medical crowdfunding and convey few theoretical
implications. Therefore, it is necessary to apply more theories
to better understand this topic. Second, more methods or mixed
methods could be employed to investigate this topic. Although
text analysis was used most often, more insights could be
explored using other methods that possess different advantages.
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We found that data were collected from single sources, which
may result inherent biases; collecting data from multiple sources
could allow validation to proposed research models and used
methods in different studies.

Limitations and Future Directions
Our study has some limitations. First, no new factors and
relationships about medical crowdfunding could be explored
through systematic review. This was the most significant
inherent limitation of our study since we relied on previously
published literature. Second, additional literature could have
been included in our systematic review. Literature written in
other languages from other databases may also have discussed
the success factors of medical crowdfunding. Third, bias may

still exist in the process of selection and evaluation of literature.
Although we attempted to minimize bias from differences
between reviewers, such as solving conflicts in judgment by
discussion among reviewers, bias cannot be excluded. Fourth,
heterogeneity exists in the literature included in the review;
therefore, the quality of our review results may be impacted.
Other categories of success factors, such as health systems or
national economic status, could be also be considered.

Conclusion
By examining platform, raiser, donor, and campaign–related
success factors, we provide information that can be used as the
basis for future research and future medical crowdfunding
campaigns.
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Abstract

Background: Mental health apps (MHAs) provide opportunities for accessible, immediate, and innovative approaches to better
understand and support the treatment of mental health disorders, especially those with a high burden, such as bipolar disorder
(BD). Many MHAs have been developed, but few have had their effectiveness evaluated.

Objective: This systematic scoping review explores current process and outcome measures of MHAs for BD with the aim to
provide a comprehensive overview of current research. This will identify the best practice for evaluating MHAs for BD and
inform future studies.

Methods: A systematic literature search of the health science databases PsycINFO, MEDLINE, Embase, EBSCO, Scopus, and
Web of Science was undertaken up to January 2021 (with no start date) to narratively assess how studies had evaluated MHAs
for BD.

Results: Of 4051 original search results, 12 articles were included. These 12 studies included 435 participants, and of these,
343 had BD type I or II. Moreover, 11 of the 12 studies provided the ages (mean 37 years) of the participants. One study did not
report age data. The male to female ratio of the 343 participants was 137:206. The most widely employed validated outcome
measure was the Young Mania Rating Scale, being used 8 times. The Hamilton Depression Rating Scale-17/Hamilton Depression
Rating Scale was used thrice; the Altman Self-Rating Mania Scale, Quick Inventory of Depressive Symptomatology, and Functional
Assessment Staging Test were used twice; and the Coping Inventory for Stressful Situations, EuroQoL 5-Dimension Health
Questionnaire, Generalized Anxiety Disorder Scale-7, Inventory of Depressive Symptomatology, Mindfulness Attention Awareness
Scale, Major Depression Index, Morisky-Green 8-item, Perceived Stress Scale, and World Health Organization Quality of
Life-BREF were used once. Self-report measures were captured in 9 different studies, 6 of which used MONARCA. Mood and
energy levels were the most commonly used self-report measures, being used 4 times each. Furthermore, 11 of the 12 studies
discussed the various confounding factors and barriers to the use of MHAs for BD.

Conclusions: Reported low adherence rates, usability challenges, and privacy concerns act as barriers to the use of MHAs for
BD. Moreover, as MHA evaluation is itself developing, guidance for clinicians in how to aid patient choices in mobile health
needs to develop. These obstacles could be ameliorated by incorporating co-production and co-design using participatory patient
approaches during the development and evaluation stages of MHAs for BD. Further, including qualitative aspects in trials that
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examine patient experience of both mental ill health and the MHA itself could result in a more patient-friendly fit-for-purpose
MHA for BD.

(J Med Internet Res 2022;24(3):e29114)   doi:10.2196/29114

KEYWORDS

child and adolescent mental health; scoping review; bipolar disorder; mental health

Introduction

Background
There are many critical factors that can influence the course
and outcome of mental health disorders. Two key factors are
(1) early and accurate identification of the first onset and
subsequent relapses of the disorder, leading to the institution
of appropriate management, and (2) access to appropriate
treatment locations. For bipolar disorder (BD), the average delay
between the onset of symptoms and the first institution of
treatment can be as long as 10 to 15 years [1-3]. Between 35%
and 50% of patients with mental health disorders receive no
treatment because appropriate treatment locations are rare [4].
BD is no exception to this rule. A United Kingdom–based 2015
study found that the median diagnostic delay in the South

London and Maudsley National Health Service (NHS) Trust
was 62 days, with the median treatment delay being a further
31 days [5]. Research regarding pathways to redress these delays
is urgently required, and with the potential to reliably scaffold
processes and scale to both large numbers and remote locations,
digital technology holds considerable potential to address these
challenges.

In 2020, an estimated 6 billion smartphones were in use across
the globe [6]. In the United Kingdom, there has been a 79%
increase in the number of 5- to 15-year-old children owning
mobile phones since 2015 [7]. Although smartphone ownership
tends to be more common in high-income countries, as
economies develop, the price of smartphones will decrease, and
this correlation will reduce [6]. One form of digital technology
that can capitalize on this increased smartphone usage globally
is mental health apps (MHAs).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for scoping reviews.

Prior Work
Currently, MHAs can be seen to improve engagement and
accessibility for individuals in rural areas where health care
provision is increasingly difficult to access [8,9], and they are
well accepted by service users [10]. So much so that financial
incentives have been implemented for behavioral health
information technologies in US policy [11]. Such advances in
digital mental health care have now been adopted by clinicians
in the treatment of common mental disorders in the United
Kingdom [9]. Cost-effectiveness is crucial to health care,
especially in a government-funded system as comprehensive
as the NHS. Evidence suggests that the use of tele-psychiatry
interventions reduced pressure on mental health services in low-

and middle-income countries in comparison to a control group
[12], but noted the importance of rigorous app evaluation. This
is echoed by Tal et al [13], who described both the potential
opportunities and risks posed by digital mental health, and how
they must be balanced in order to achieve meaningful change.

The socioeconomic cost of BD in the United Kingdom is well
recognized [14]. Previous literature suggests that the use of
MHAs for BD can increase patient engagement and provide
real-time symptom monitoring to allow for improved recognition
of symptoms of relapse [15]. Subsequently, this reduces barriers
to treatment, such as lack of resources and time. However, the
efficacy of MHAs for BD is unclear [16], and a paucity of
evidence in how to assess and evaluate MHAs for BD makes
these statements difficult to qualify. To date, there is a lack of
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regulatory guidelines regarding MHAs, including those for BD,
as health technologies are a relatively new resource within the
NHS. This could potentially lead to unsafe use and practice
[17]. Little is known about how MHAs (including those for BD)
are developed and scrutinized, and studies predict that
consumers, policymakers, health services, and funders will
demand a robust evaluation process before funding, prescribing,
or using these services [18].

As the development of an MHA for BD requires iterative
processes with stakeholders outside of the academic and clinical
research environment, process evaluation is important (in
addition to more traditional outcome measure methods) to ensure
the app remains user-friendly and functional without
compromising clinical outcomes. This scoping review aims to
address this research gap through mapping existing literature
on process and outcome evaluation methods of MHAs for BD
to increase the understanding around currently available
evaluation tools and the latest practice.

Aim
The aim of this scoping review is to systematically explore
current process and outcome measures to identify the best
practice for evaluating MHAs for BD. The focus is on apps for
BD designed for individuals across the lifespan. Conducting a
scoping review will allow health care systems to be more
structurally informed on how to accurately evaluate the
effectiveness of such technologies when implementing them
into routine care [19]. The specific objectives of this scoping
review, based on the detailed framework of Levac et al [20],
were to map the available evidence and report on (1) process
evaluation methods (ie, participant usability and functionality),
(2) outcome measure methods (ie, data on how widely a measure
is used and concordance of the target population with completing
a measure), (3) outcome measures used to measure mental health
improvement (eg, well-being measures), and (4) methods for
best practice in the evaluation of MHAs for BD.

Methods

Overview
The review was informed by the Arksey and O’Malley 5-step
framework [19], which was further developed by the Levac,
Colquhoun, and O’Brien model [20]. This includes identification
of a research question, study selection and criteria, data
extraction, and content analysis. Employing this methodological
framework will support in examining the broader field of the
evaluation of MHAs for BD to identify the best practice.

Search Strategy
A scoping search was initially performed in the following
databases: PsycINFO, MEDLINE, Embase, EBSCO, Scopus,
and Web of Science. Relevant search terms were identified from
key papers, and the search strategy was developed iteratively
in MEDLINE and then translated across the other databases,
up to January 2021. Due to time constraints, grey literature
sources were not investigated, and the search was limited to
articles published in English, as no resources were available to
undertake translation work. Broad search terms were used to
reduce the likelihood of article omission. The complete search

strategy for MEDLINE is available in Multimedia Appendix 1.
The reference lists of included studies were hand searched for
additional reports of relevance.

Selection Criteria
For studies to be included in this review, they needed to meet
the following inclusion and exclusion criteria. Studies were
included if they (1) were related to BD, (2) targeted individuals
across the lifespan, (3) included qualitative and/or quantitative
evaluation methods and measures, (4) were published in the
English language, (5) had no start date limit, (6) included any
type of study design, (7) included participants with symptoms
of BD or diagnosed with BD according to International
Classification of Diseases-10, Diagnostic and Statistical Manual
of Mental Disorders-IV, or Diagnostic and Statistical Manual
of Mental Disorders-5, (8) included evaluation of the
functionality of the MHA and/or evaluation of the participant
outcomes, and (9) included any function (eg, screening, mood
monitoring, or medication adherence). Studies were excluded
if they (1) were based on a web-based intervention with no
MHA counterpart, (2) included MHAs that were only
psychotherapeutic intervention specific with no evaluation, (3)
were based on MHA development only, and (4) included a
participant population without symptoms of BD or not diagnosed
with BD. Where systematic review papers were identified, these
were not included. However, their reference lists were hand
searched to identify primary articles relevant for inclusion.

Given that the aim of the study was to recognize the scope of
research already conducted, both qualitative and quantitative
research designs were included. As few studies focused on
children and adolescents as their participant population, no age
limits were applied.

Selection Process
The search was completed by 2 researchers (IT and PK), who
independently screened articles by the title and abstract against
the inclusion criteria. Articles that fulfilled the inclusion criteria
were then subjected to full-text screening by IT and PK.
Conflicts were discussed with a third researcher (EBM) to reach
consensus. Eight conflicts arose altogether, including 6 when
screening the title, 1 when screening the title and abstract, and
1 when screening the full paper.

Data Collection Process
Characterization of the data and the results were exported into
a customized data extraction form that was piloted in a subset
of included studies. Data extracted included study name, authors,
year, country, study design, MHA for BD, whether the MHA
for BD was independent or adjunctive, sample size, mean age
of the participants, gender of the participants,
inclusion/exclusion criteria for the participants, results, tools
used, measures used, time points, and whether it addressed any
of the 4 objectives.

Data Synthesis and Quality Assessment
EC and IT analyzed the data using narrative synthesis and placed
this in the context of the current literature to formulate
conclusions. The studies were assessed using the Mixed Methods
Appraisal Tool (MMAT) [21].
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Results

Overview
The original database search yielded 4051 articles. Hand
searching of relevant review articles was conducted, which
yielded a further 5 articles. After duplicates were removed, 3730
articles remained. Screening of the title and abstract resulted in
3642 articles being excluded. The remaining 88 articles were
then subjected to full-text screening, and 76 articles were
excluded (71 due to a lack of focus on BD, 2 could not be
located, 1 only focused on app development, 1 did not diagnose
participants according to our specified criteria, and 1 had no
app evaluation).

Study Characteristics
Overall, 12 studies were identified as part of this review, which
evaluated 7 MHAs for BD. Multimedia Appendix 2 describes
the characteristics and assessment compliance of each study
[22-33], and Multimedia Appendix 3 describes the results of
the respective compliance with the standards set out in the
MMAT [22-33]. Across all 12 studies, data from 435
participants were analyzed (343 with BD). Five out of the 12
studies stated the type of BD for 167 participants (112 had
bipolar I disorder, 52 had bipolar II disorder, and 3 had bipolar
disorder not otherwise specified). Eleven of the 12 studies
provided the mean age (37 years) of the participants with BD.
All 12 studies provided information on the gender (M:F of
137:206) of the participants with BD.

Assessment of the quality of all 12 studies (quantitative and
mixed methods) was performed (IT and EBM) using the MMAT
(version 2018) [21]. The results of their respective compliance
with the standards set out in the MMAT can be found in
Multimedia Appendix 3. Scores ranged from 20% to 100%.
However, low-quality studies were not excluded in order to
summarize the small pool of available literature.

Process Evaluation
Six studies examined the self-perceived participant usability
and functionality of the MHAs for BD. This examination ranged
from detailed feedback questionnaires given to the participants
[22,23] to participant feedback suggesting that a reminder
prompt from the MHA for BD increased completion rates. Only
1 study mentioned functionality problems in MHAs for BD.
Bardram et al [23] commented that MONARCA only worked

63 out of the 69 days of the study period and the information
quality score was lower due to unresponsive error messages.
The authors also noted that the Android market locked the app
during the study period, negatively affecting the pattern of usage
during that time.

Two studies recognized that technical problems were likely to
arise and so implemented a system to solve these problems.
Hidalgo-Mazzei et al [34] supplied participants with technical
support via telephone, so they could contact the researcher for
further assistance. A similar system was put in place by Schärer
et al [24]. Subjects were able to report errors and receive
immediate assistance by phone or personal communication.
However, it was found that the MHA for BD required a certain
amount of knowledge as a prerequisite, which restricted its use
in comparison to a text message equivalent [24].

Outcome Evaluation
A variety of validated outcome measures were used to evaluate
the selected MHAs for BD. The most widely employed measure
was the Young Mania Rating Scale (n=8) [35]. The Hamilton
Depression Rating Scale [36] was applied 3 times, and the
Altman Self-Rating Mania Scale [37], Quick Inventory of
Depressive Symptomatology [38], and Functional Assessment
Staging Test [39] were used on 2 occasions. The Coping
Inventory for Stressful Situations [40], EuroQoL 5-Dimension
Health Questionnaire [41], Generalized Anxiety Disorder
Scale-7 [41], Inventory of Depressive Symptomatology [42],
Mindfulness Attention Awareness Scale [43], Major Depression
Index [44], Morisky-Green 8-item [45], Perceived Stress Scale
[46], and World Health Organization Quality of Life-BREF
[47] were all utilized just once. Other measures were assessed
in 9 different studies, 6 of which used MONARCA. These
measures included mood, sleep length, medication taken, activity
level, irritability, mixed mood, cognitive problems, alcohol
consumption, stress level, menstruation, individualized early
warning sign, energy level, anxiety, elation, sadness, anger,
speed of thoughts, and impulsivity. Mood and energy level were
the most commonly utilized measures, being used 4 times each.

Outcome Measure Methods
Eleven of the 12 studies presented a debate on the confounding
factors affecting the efficacy of MHAs for BD. These
confounding factors and the number of times they were
mentioned in the 11 studies are shown in Table 1.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e29114 | p.162https://www.jmir.org/2022/3/e29114
(page number not for citation purposes)

Tatham et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Identified potential confounders for mental health app efficacy.

Number of studies in
which mentioned

Potential confounder

4Participants were mainly stable or euthymic

3Participant insight when experiencing a manic phase varies

3Sample size was too small

3Length of study was too short

2Low retention or adherence rate

2Method of objective data collection was not robust enough

1Patients were found to be capable of experiencing both manic and depressive symptoms concurrently

1Questionnaires given were too simplistic

1Opportunity of free-text input not given

1Error in the app

1Change in mobile phone communication habits

1Low prevalence of manic symptoms

1Potential sampling bias

1Order of questions in the questionnaire did not vary and so was open to mindless input

1Scales not delivered often enough

1Participants switched the mental health app (MHA) off during the study

1Participants may have chosen not to complete the surveys due to their mood

1Subjective scales

1The MHA gave daily confrontation with depressive symptoms

1The MHA was not sensitive enough to manic or depressive symptoms

1Participants were already involved in a medication adherence intervention

Evaluation of MHAs for BD
Only 5 of the 12 studies commented on the future of the
evaluation of MHAs for BD. Streicher et al [48] suggested that
instead of measuring relapse or recurrence of affective episodes,
a more sensitive measure would be assessment of mood
instability or subsyndromal symptoms. They also commented
that future research should include patients with bipolar disorder
not otherwise specified, as this patient group may represent a
large proportion of patients with BD. Hidalgo-Mazzei et al [34]
acknowledged the low retention and adherence rates of MHAs
for BD, and stated that researchers should focus on developing
new approaches to motivate and engage patients with the
intervention in the long term. The authors suggested adopting
a user-centered design approach or incorporating gamification
elements into a formal psychoeducation process.

Osmani et al [25] commented on the personalization of MHAs
for BD, with a focus on physical activity; however, the authors
found it difficult to generalize their results to the wider
population. This was due to substantial variations between
patients for both overall physical activity levels and physical
activity levels within daily intervals. Therefore, the authors
considered that an adaptive approach to user modeling would
be better suited to detect early warning signs of the onset of
episodes of BD and facilitate timely intervention. This involves
personalizing goals and achievements around each patient’s

individual needs. This has been evidenced in previous
conference proceedings [48].

Schwartz et al [26] found that the generalizability of the results
was limited due to a lack of a comparison group with a differing
psychiatric diagnosis, which may exhibit overlapping symptoms.
They recommended that future research should use additional
comparison groups to better differentiate between symptoms.

Faurholt-Jepsen et al [27] proposed that emphasis should be
placed on the differentiation between day-to-day difficulties
and depressive symptoms. A positive reinforcing feedback
mechanism may help minimize the negative processing bias
and so, in theory, relieve the sustained depressive symptoms.
They addressed the notion that it can be difficult for an
intervention to have an effect on both depressive and manic
symptoms, given the complexity of BD [27]. These suggestions
are in keeping with the existing literature [49].

Discussion

Principal Findings and Comparison With Prior Work
The aim of this scoping review was to better understand how
MHAs for BD are being evaluated, particularly in terms of the
process of use and outcome measures. Due to the scarcity of
studies evaluating MHAs for BD specifically, inferences for
discussion have been assumed from studies evaluating general
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MHAs. This relies on the assumption that the functions are
similar.

The need for effective and diligent evaluation of MHAs for BD
is well established in the literature; no credentialing is currently
required for their development and release. Karcher et al [50]
warned that the “questionable content” and sparse evidence
base of the myriad of current MHAs available warrant careful
consideration. Effective robust evaluation systems would be
required in aiding patients and practitioners in making
individualized appropriate decisions regarding their role and
treatment options in patient care. The NHS in the United
Kingdom made considerable progress in this area when they
launched their Digital Technology Assessment Criteria (DTAC)
in February 2021. This provides a “simpler and faster assessment
process to help give staff, patients, and the public confidence
that the digital health tools they use meet NHS standards” [51].
The DTAC bring together legislation and good practice into a
core document [52] that all digital health technologies have to
meet in order to be recommended by clinical policy teams within
NHS England and NHS Improvement. Though this goes so far
to provide the public with centrally regulated technologies,
clinicians may lack the knowledge and skills required for the
effective recommendation of an MHA [25-27,43-54].
Mindfulness and meditation MHAs are the most commonly
recommended by general practitioners in Australia [54].
However, the clinical presentation of BD and its specialist
management may deter general practitioners from researching
or recommending MHAs for its monitoring or management.
Therefore, training health care professionals’skills in identifying
and selecting high-quality MHAs for BD would be beneficial
for patients. If, as the literature suggests, the use of MHAs
decreases service use [10], the financial benefit may outweigh
the cost of the additional training required.

One barrier in the development of MHA evaluation systems is
the adherence rate. O’Connell [55] reported that 74% of users
stop engaging with an MHA after only 10 uses. Low adherence
reduces the confidence with which researchers can generalize
their results [56]. Aforementioned personalization and
gamification of MHAs for BD have been recommended;
however, engagement can tail off once the initial novelty effect
of the feature has subsided. It has been suggested that a change
in the communication approach may help to solve this problem.
Kenny et al [57] surmised that it is possible that in studies where
participants (specifically young people) are aware of the
importance of their input to achieve the research objective,
engagement levels may be higher. This brings into focus the
importance of participatory co-design and co-production of
MHAs for BD. Eight of our 12 studies mentioned adherence
rates (adherence rates were not applicable in 2 studies, and
another 2 studies failed to mention the rates), with the average
rate being 84%. In fact, Tsana et al [28] experienced 91%
adherence over the first 3 months of the study period and 81.9%
in the following 9 months. The variability between the studies
by O’Connell [55] and Tsanas et al [28] illustrates that there is
still work to be done to achieve successful and reliable
compliance with such apps.

Interestingly, one reason for the low utilization of MHAs for
BD may be decreased motivation, which is often a key feature

of depressive episodes [57]. Previous literature suggests that
“communities of practice” around an MHA can improve
long-term concordance, with social interaction and communal
use (whether in person or digitally), encouraging users to
continue to access it [49,50]. Integrating a “days since last
updated” screening tool would help identify early relapse in the
usage of MHAs for BD, and aid in assessing clinical usability
[18].

Torous et al [58] interviewed adolescent patients to identify
which factors would be useful to bear in mind for MHA
development. The results included safety, engagement,
functionality, social interaction, awareness, gender, and
participative engagement by young people. One study strongly
suggested the abandonment of randomized controlled trials as
a method of evaluating and improving apps, and instead called
for iterative participatory research or single case designs [59].
As such, MHA developers would work in collaboration with
patients throughout the design and development process in order
to gain regular ecologically valid feedback so that relevant
appealing prototypes are established. This could take the form
of consumer-used tools or accreditation portals [60]. Then, when
pilot and nonpilot studies are performed, both qualitative and
quantitative data could be obtained in order to receive valuable
feedback in how to further improve the app. The role of
randomized controlled trials can then be established in validating
the MHAs at later stages. Torous et al [58] theorized further
reasons for low engagement, including poor usability, lack of
a user-centric design, privacy concerns, and lack of trust.
Another study found that MHA efficiency, effectiveness,
memorability, and learnability and cognitive load were major
usability barriers to continuing MHA use [61]. This evidence
lends further strength to the argument that streamlining of the
usability of MHAs should be at the core of future iterative
development stages of MHAs in order to increase adherence
rates and improve the ecological validity and reliability of
evaluations.

Torous et al [58] also recognized accessibility as a factor to
consider when developing MHAs. The Office for National
Statistics stated that in 2018, 10% of the UK adult population
were internet “nonusers” [62], meaning they had never used the
internet or had not used it in the last 3 months. This brings the
idea of the digital divide into the spotlight and shows the
complexities it brings with it along with merely accessibility.
The digital divide cannot be solved by just providing patients
with devices, as they will also need digital literacy skills to use
the device to its full potential. Even though Torous et al [58]
interviewed adolescents, their study does illustrate the need to
consider the skill level of the intended audience. Ennis et al [63]
found that lack of technological skills was the reason for
nonengagement with computers and mobile devices.
Furthermore, Ennis et al found that only a quarter of their 121
participants reported familiarity and easy access to smartphones.
Therefore, throughout the MHA evaluation process, patients’
skill sets, in addition to access, should be taken into
consideration.

As well as employing participative engagement in MHA
development, improving user awareness can come from creative
measures, such as describing or advertising the MHA
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appropriately. Over a quarter of MHAs for depression failed to
mention depression in the title or description [64].

Moving to the user-identified priority of safety [29,58], third
parties obtaining confidential information is considered the
greatest threat to MHA use [65]. Tools are available that can
increase device security [50]; however, threats to privacy are
continually emerging and endangering data security. For
example, identity cannot be confirmed unless a video-calling
app is used and personal devices are easily lost or stolen, leaving
data vulnerable [50]. Karcher et al [50] determined that the
greatest threat to patient privacy in MHA use was the possibility
of confidential information being shared with third parties,
whether via patient or clinician devices. Hacking of secure
devices and new viruses were also identified as challenges to a
secure patient database on MHAs. As well as being its own
point for consideration when overcoming the challenges of
evaluating the clinical effectiveness of MHAs, the complex
legal and ethical considerations involved in MHA use are a
consideration for clinicians themselves [50]. This has been
highlighted in recent news, where contact tracing apps used to
help curb the spread of COVID-19 have been the subject of
widespread debate.

From a more pragmatic standpoint, MHA cost may be a factor
in choosing the right MHA for BD, with 76% of people surveyed
reporting interest in using their mobile phones for mental health
monitoring and self-management if the MHA was free of charge
[15]. Moreover, Larsen et al [66] reported that an MHA
clinically relevant for depression is being removed from the
market every 2.9 days. This furthers the challenge faced by both
patients and clinicians in trying to identify a relevant and
appropriate MHA for BD. If the MHA for BD is to be paid for
and could be removed from the market without warning, it is
difficult to justify its recommendation and purchase.

Limitations
This review had its own limitations. Only 7 MHAs for BD were
evaluated, somewhat limiting the generalizability of the results

of this review. Furthermore, only 5 studies commented on the
future of the development and evaluation of MHAs for BD.

Conclusion
The studies in our review focused on patient monitoring as an
indicator for process and outcome evaluation in MHAs for BD.
They based their conclusions on whether the app improved
assessment scores rather than interviewing patients on their
experience of using the app. Although this is suggested to be a
reliable way of measuring the process and outcome values, as
modern medicine shifts to holistic patient-centered care, more
emphasis should be put on users’ experiences rather than
quantitative outcomes. In the long term, this will make patients
feel respected and involved in the design of MHAs for BD,
increasing adherence rates in both the short and long term.

Personalized medicine is a rapidly emerging movement in the
field of health care. It is defined as a move away from the “one
size fits all” approach to treatment, with new approaches and
targeted therapies allowing for flexibility in the management
of diseases. With this in mind, more MHAs for BD should be
easily available in order to encourage patient choice and freedom
to choose an MHA that is best suited to them. At the moment,
MONARCA dominates the market, reducing the range and
scope of MHAs for BD. As NHS England suggests [60], it can
be difficult for an intervention to address both depressive and
manic symptoms given the complexity of BD. This is all the
more reason to develop a wider variety of apps, with some apps
perhaps only focusing on either mania or depression.

The field of MHAs for BD shows promise in both improving
patient care and creating a more cost-effective health care
service [10]. However, as with any new development in health
care, it must be appropriately evaluated and regulated. By
encouraging patient co-design and co-evaluation, we can
develop a new frontier in personalized digital health, while
improving patient experience and care.
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Abstract

Background: Accurate and user-friendly assessment tools for quantifying alcohol consumption are a prerequisite for effective
interventions to reduce alcohol-related harm. Digital assessment tools (DATs) that allow the description of consumed alcoholic
drinks through animation features may facilitate more accurate reporting than conventional approaches.

Objective: This review aims to identify and characterize freely available DATs in English or Russian that use animation features
to support the quantitative assessment of alcohol consumption (alcohol DATs) and determine the extent to which such tools have
been scientifically evaluated in terms of feasibility, acceptability, and validity.

Methods: Systematic English and Russian searches were conducted in iOS and Android app stores and via the Google search
engine. Information on the background and content of eligible DATs was obtained from app store descriptions, websites, and
test completions. A systematic literature review was conducted in Embase, MEDLINE, PsycINFO, and Web of Science to identify
English-language studies reporting the feasibility, acceptability, and validity of animation-using alcohol DATs. Where possible,
the evaluated DATs were accessed and assessed. Owing to the high heterogeneity of study designs, results were synthesized
narratively.

Results: We identified 22 eligible alcohol DATs in English, 3 (14%) of which were also available in Russian. More than 95%
(21/22) of tools allowed the choice of a beverage type from a visually displayed selection. In addition, 36% (8/22) of tools enabled
the choice of a drinking vessel. Only 9% (2/22) of tools allowed the simulated interactive pouring of a drink. For none of the
tools published evaluation studies were identified in the literature review. The systematic literature review identified 5 exploratory
studies evaluating the feasibility, acceptability, and validity of 4 animation-using alcohol DATs, 1 (25%) of which was available
in the searched app stores. The evaluated tools reached moderate to high scores on user rating scales and showed fair to high
convergent validity when compared with established assessment methods.

Conclusions: Animation-using alcohol DATs are available in app stores and on the web. However, they often use nondynamic
features and lack scientific background information. Explorative study data suggest that such tools might enable the user-friendly

J Med Internet Res 2022 | vol. 24 | iss. 3 |e28927 | p.170https://www.jmir.org/2022/3/e28927
(page number not for citation purposes)

Wiemker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:charlotte.probst@uni-heidelberg.de
http://www.w3.org/Style/XSL
http://www.renderx.com/


and valid assessment of alcohol consumption and could thus serve as a building block in the reduction of alcohol-attributable
health burden worldwide.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020172825;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020172825

(J Med Internet Res 2022;24(3):e28927)   doi:10.2196/28927

KEYWORDS

alcohol consumption; harmful and hazardous drinking; screening; assessment methods; eHealth; mobile apps; visualization;
animation features; AUDIT; primary health care

Introduction

Background
Alcohol-related injuries and diseases are major causes of
morbidity and mortality worldwide, although, at least in theory,
they are fully preventable [1]. The well-directed implementation
of monitoring, prevention, and treatment programs requires
accurate assessment tools to quantify the users’ alcohol
consumption. To date, consumption assessments are generally
based on standardized self-report questionnaires or brief
interviews. At the population level, they form the foundation
for public health monitoring, quantification of
alcohol-attributable harm, and evaluation of alcohol policies.
At the individual level, they constitute the cornerstone of
effective harm reduction strategies such as screening and brief
intervention (SBI) programs. SBI programs link the routine
administration of a screening tool to identify harmful or
hazardous drinking, often a questionnaire, to a tailored brief
intervention, most commonly comprising a short motivational
interview or structured advice [2]. They have been shown to be
highly effective in reducing excessive drinking among adults
[3,4] and are recommended in national and international policy
guidelines for reducing alcohol-attributable harm [5,6].
However, the implementation of SBI programs in public health
systems remains low [7,8]. Relevant implementation barriers
include a perceived lack of knowledge or skills among health
care professionals and environmental context factors such as
time restrictions and limited resources [9].

Although the measures used in epidemiological surveys differ
between countries and regions [10-12], to date, most of them
ultimately require the counting of standard drinks consumed.
Routine screening tools for primary care such as the Alcohol
Use Disorders Identification Test (AUDIT) developed by the
World Health Organization [13] and its abbreviated form
AUDIT–Consumption (AUDIT-C) [14] also rely on this
concept. The standard drink, defined as a beverage volume
containing a fixed amount of pure alcohol, facilitates the
comparison and assessment of alcohol quantities across different
beverage types with varying alcohol content. However, this
concept is problematic for 2 main reasons. First, standard drink
sizes differ considerably between countries, cultures, and
settings, with national definitions varying even within Europe
from 8 g of pure alcohol in the United Kingdom to 20 g in
Austria [15]. In fact, the majority of countries worldwide do
not have an official definition [15]. In addition, relevant AUDIT
items are often not adapted to account for differing national
standard drink sizes, as required in the AUDIT manual [13,16].

Second, even in countries where the standard drink concept is
officially used to standardize the size of retail alcohol,
consumers are often not acquainted with the concept and many
are unable to convert their consumption correctly [17,18]. For
instance, when asked to pour their usual drink and subsequently
estimate the number of standard drinks it contained, primary
health care patients in the United Kingdom over- or
underestimated their actual drink size by at least 0.5 standard
drinks in more than half of the cases [19]. In a study conducted
among health care professionals in the United States, <20% of
the interviewed clinicians could correctly state the volume of
a standard drink of liquor [20]. Alongside other known biasing
factors, such as memory and social desirability bias or
underreporting because of alcohol-related stigma, this might
contribute to the considerable underestimation of the total
alcohol recorded through official statistics by approximately
50% in nationally representative surveys [21-24].

Evidence suggests that the assessment results of digital and
traditional administration modes are comparable in
epidemiological surveys as well as in screening situations
[25-27]. Promises of digitally administered tools, such as
increased standardization and time efficiency, adaptability of
the assessment flow based on user input, and seamless
integration with electronic health records [28], may thus help
address central SBI implementation barriers [29]. Importantly,
digital assessment tools (DATs) can replace the standard drink
concept by using individualized, interactive animation features
to assess the type and amount of alcohol consumed. Related
research fields such as nutrition epidemiology have already
recognized the usefulness of visualization features to improve
the quantification of consumption [30,31].

Currently, there is a growing body of literature focusing on the
effectiveness and availability of evidence-based alcohol
reduction apps [32,33]. These apps often contain a screening
part quantifying the user’s consumption, which might be text
based [34] or based on interactive animations [35]. However,
to the best of our knowledge, the current availability of
interactive animation features in alcohol DATs has not been
systematically evaluated. There is also no systematic review of
the effects of such features on assessment feasibility,
acceptability, and validity.

Research Questions
This review seeks to answer the following two questions with
a focus on DATs quantifying alcohol consumption (alcohol
DATs), which use animation to support users in describing their
consumption:
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1. What freely available animation-using alcohol DATs exist
in the English or Russian language, and what are their core
characteristics?

2. To what extent have such tools been scientifically evaluated
in terms of feasibility, acceptability, and validity?

Methods

Study Design
This systematic review was performed in 2 parts. In part 1, an
app store search and a web-based search were conducted to
identify existing freely available alcohol DATs. Part 2 comprised
a systematic literature search to identify studies that evaluated
the feasibility, acceptability, and validity of animation-using
alcohol DATs.

The study protocol was published in PROSPERO (International
Prospective Register of Systematic Reviews; registration
number: CRD42020172825) [36]. We adhered to the standards
set out in PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 [37]. Where applicable, we
also followed the recommendations for methodological reporting
of systematic searches in app store environments proposed by
Grainger et al [38].

Part 1: Existing DATs

Eligibility Criteria
This review focused on animation-using alcohol DATs, defined
as tools that allow the assessment and quantification of the
user’s alcohol consumption via an electronic display device (a
PC, laptop, or a mobile device). Aiming to include any alcohol
DATs using interactive visualizations as opposed to purely
text-based quantification tools, a broad definition of the term
animation was chosen. Specifically, tools were considered to
be using animations if they included ≥1 of the following
features: (1) selection of a drink or a beverage type from a
number of visually displayed options; (2) selection of a drinking
vessel from a number of visually displayed glasses and, in some
instances, bottles; and (3) simulated interactive pouring of a
drink—that is, continuously adjusting the beverage level
displayed in the chosen drinking vessel. The availability of each
of the listed features was recorded to classify the complexity of
the animation used. In addition, tools had to allow for the
quantification of the user’s alcohol consumption over a defined
reference period or occasion, be available in English or Russian,
and be accessible free of charge. English-language apps form
the largest language group among all apps available in the iOS
App Store and the Google Play Store [39]. The mentioned app
stores represent approximately 95% of the app market share
worldwide [40] and offer ≥95% of the available apps free of
charge [41,42]. Given the language background of the authors,
the review additionally focuses on Russian-language apps.
Russia has one of the highest proportions of alcohol-attributable
mortality worldwide, and digital health interventions might
become part of the promising prevention efforts currently taken
and underway [43]. Our search for Russian-language alcohol
DATs aims to identify relevant Russian-language alcohol DATs
and gauge the potential of repeating the systematic search in
additional languages in the future.

Search Strategy
The German app store versions of Google Play Store and iOS
App Store were searched in June and July 2020, with English
as the preferred app language. As app store search functions do
not allow the systematic combination of search terms, 4
independent searches were performed on each platform, using
the search terms alcohol, alcohol screening, alcohol test, and
drinking. We recorded the first 250 results per platform using
the search term alcohol. Given the high overlap between search
results and decreasing relevance after the first 50 to 70 results,
a maximum of 100 search results were screened for each of the
other search terms. The Google search engine was searched in
August 2020 using three sets of search terms (alcohol screening
online, alcohol test online, and drinking test online). A total of
90 websites were included in the screening.To further explore
the extent of regional adaptation in alcohol DATs and potential
content differences between national app stores, we conducted
additional searches in January and February 2021 in the Russian
version of the Google Play and iOS App Store, with Russian
as the preferred app language, using translated search terms.
All search results were screened. The Russian Google search
engine was searched in February 2021.

Screening and Selection of Tools
The URLs and titles of all identified app store entries or websites
were recorded. After removing duplicates with identical URLs,
the remaining app store descriptions and websites were screened
for eligibility. A random sample of 25 English app store entries
was independently screened by a second reviewer, and
agreement was quantified to ensure the objectivity of the
eligibility criteria. After screening, potentially eligible mobile
tools were downloaded and completed on mobile devices (for
English searches: Huawei Honor 9 Lite LLD-L31, Android
version 9 and iPhone SE (2016), iOS version 14.0.1; for Russian
searches: Samsung Galaxy Tab A 7.0 SM-T285 8 Gb, Android
version 9 and Apple iPad (2018), iOS version 11.2). Web-based
tools were completed on the web via the Safari and Google
Chrome browsers to determine eligibility.

Data Extraction
The following data were extracted from the app store entries
and linked websites and through testing the apps or web-based
tools: general information (tool name, developer, responsible
organization, link to website, scientific background or
development process, country of publisher, year of the last
update, and number of downloads), content features (reference
period, underlying questionnaire, feedback on the user’s
consumption quantity, use of standard drink concept, target
group, and characteristic additional features), and animation
features (availability of abovementioned features and options
to adjust further drink characteristics).

Part 2: Studies on Feasibility, Acceptability, and
Validity

Eligibility Criteria
Part 2 of the review aimed to identify (1) validation studies
comparing animation-using alcohol DATs with established
assessment methods (eg, paper–pencil, interview, or web-based
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questionnaires such as the AUDIT [13], AUDIT-C [14],
Alcohol, Smoking, and Substance Involvement Screening Test
[44], Alcohol Timeline Followback [45]; drinking diaries;
standardized clinical interviews; or alcohol biomarkers) and (2)
studies reporting on feasibility or acceptability of
animation-using alcohol DATs. Eligibility was restricted to
completed and fully reported studies. The same eligibility
criteria for animation-using alcohol DATs were used as in part
1. When it was not possible to determine whether the eligibility
criteria for using animations were met or when a study used a
sample of participants aged <15 years, the study was excluded.
Studies conducted among general and specialized populations,
such as patient populations, were eligible. No geographical,
language, or time restrictions were applied.

Search Strategy
A systematic literature search was performed using Embase,
MEDLINE, PsycINFO, and Web of Science. Search terms
(Multimedia Appendix 1) were adapted to the requirements of
each web-based database with regard to medical subject
headings and wildcards. The searches covered publications from
January 2000 to August 2020.

Screening and Selection of Studies
After removing duplicates, titles and abstracts were screened
by a first reviewer, and a subsample of 100 records was
independently screened by a second reviewer. In a second step,
the full texts were obtained to decide about final inclusion.

Data Extraction
Information on general study characteristics (title, authors, year
of publication, and type of study), study methods (setting,

design, comparator, sample and recruitment strategy, period of
data collection, outcomes, and outcome measurement), main
findings, and information on the tested alcohol DATs were
extracted. Owing to the high heterogeneity of the study designs,
no standardized risk of bias assessment was performed.

Where possible, evaluated DATs were accessed and assessed
against the same criteria as the DAT identified in the systematic
app store search.

Results

Part 1: Existing DATs—Tools Identified and Included

Overview
A total of 1062 app store entries and 171 web entries were
identified through app store and web searches (Figure 1). The
searches in the Russian language yielded a much lower number
of results than the English-language searches. After removing
duplicates, of the 1233 total entries, 874 (70.88%) entries were
screened for eligible alcohol DATs. Agreement between the
reviewers was 92% for exclusion decisions after screening. A
total of 54 mobile tools and 38 web-based tools were considered
and tested for final inclusion. Finally, 35% (19/54) of mobile
tools and 8% (3/38) of web-based tools were eligible. Of the
19 included tools, 16 (84%) were available in English only, 3
(16%) were available in both English and Russian without
adaptations in content [46-48], and none were available in
Russian only. All included mobile tools were available in
German app stores; all but 16% (3/19) of mobile tools [49-51]
could also be downloaded from Russian app stores.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of tool selection.
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Content Characteristics
The core characteristics of the 22 alcohol DATs are summarized
in Table 1 (detailed in Multimedia Appendix 2) [46-65]. Of the
19 mobile tools, 9 (47%) were available for both iOS and
Android operating systems, 5 (26%) were published only in the
iOS app store, and 5 (26%) were published only in the Google
Play Store. The year of the last update ranged from 2014 to
2020, with 55% (12/22) of tools updated in 2020 or the previous
year. The download numbers (only available for Android apps)
ranged from ≥100 [49] to 50,000 [48,52]. Approximately 36%
(8/22) of tools were developed in the United Kingdom [51-57],
and 5% (1/22) each in Ireland [49], Canada [58], Russia [47],
France [48], Denmark [46], Germany [59], and Japan [50]. The
country of origin could not be identified for 18% (4/22) of tools
[60-62,66]. There was no information available regarding any
regional or cultural adaptation, and for tools available in both
Russian and English, no cultural adaptations were evident.
Publishing institutions included public actors [51,53,58],
registered charities in the field of alcohol use prevention and
general health [52,56,63], and private companies
[46-48,54,55,59]. No information about the legal status of the
publishing institution could be identified for 32% (7/22) of tools
[49,50,57,61,62,66]. For only 14% (3/22) of tools, a scientific
background and development process was mentioned [51,58,59].
With the exception of 5% (1/22) of tools designed for health
care professionals [51], all tools targeted the general adult
population, with a focus on individuals wanting to monitor or
cut down their alcohol consumption.

Out of 22 identified tools, 3 (14%) were primarily designed to
assess risky drinking in a one-time screening [51,53,54] and
led to a structured feedback section, including or enabling (1)
an estimate of the user’s alcohol-related health risk, (2) a
comparison of the individual consumption to a relevant guideline
or reference group, and (3) additional information on the
standard drink concept and alcohol-related health risks. A total
of 14% (3/22) of the identified tools were designed to deliver
individualized programs to reduce or quit drinking [46,58,59]

and started with a brief prospective [59] or retrospective [46,58]
assessment of the user’s baseline consumption, followed by a
tailored reduction scheme. All remaining tools relied on
real-time assessment and were designed to either estimate the
users’blood alcohol concentration (blood alcohol concentration
calculators; 4/22, 18% of tools) [50,60,63,66], count the number
of standard drinks at a drinking occasion (standard drink
counters; 1/22, 5% of tools) [48], or keep track of the alcohol
consumed over a longer period (drinking diaries; 8/22, 36% of
tools) [47,49,52,56,57,61,62]               .

Although none of the tools relied on the standard drink concept
in the assessment part, most (13/22, 59% of tools) referred to
this concept in their results and feedback sections
[48,51-58,61,63,66,67]. In addition to alcohol-related health
risk and consumed alcohol quantity, 45% (10/22) of tools
reported money spent on alcohol, calories consumed, and
hypothetical money or calories saved by cutting down drinking
[48,50,52-56,58,61,63]                 .

Similar to the mobile tools, all 3 included web-based alcohol
DATs addressed the general adult population. They were
provided by nonprofit organizations from Ireland [64,65] and
the United Kingdom [56], with copyright claims absent [56] or
dating to the current (2020) [65] or past year [64]. All
organizations provided contact details of support services
helping to cut down drinking. Out of 22 identified tools, 2 (9%)
[56,64] were digital versions of the World Health Organization’s
AUDIT. The functionality of standard drink calculation was
directly embedded into AUDIT-C item 3 (“How many units of
alcohol do you drink on a typical day when you are drinking?”),
preserving the questionnaire’s original item structure. Both led
to a detailed feedback section, including AUDIT score and risk
category, information on standard drinks, and calories consumed
on a typical day. The third tool converted the user’s reported
consumption into standard drinks [65] and provided additional
feedback items, including a comparison of the user’s alcohol
consumption to a weekly low-risk drinking guideline [68].    
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Table 1. DATsa quantifying alcohol consumption (alcohol DATs) in the English language: core characteristics of the included tools (N=22).

Extra featuresUser feedbackAdjust

drinksc

(n=13)

Animation featuresTool name (year of last updateb;
country)

Additional feedbackhUnit of consump-

tiong
Pourf

(n=2)
Vesselse

(n=9)
Drinksd

(n=21)

Mobile app: 1-time assessment of risky drinking

Text-based AUDITi;
drink pourer tool

Physiology or nutri-
tion

Standard drinks✓✓✓Drinks Meter (2020; United
Kingdom) [54]

Alcohol unit guide—jStandard drinks✓✓Know Your Numbers (2017;
United Kingdom) [51]

Beverage-specific sound
animations

Physiology or nutri-
tion

Standard drinks✓✓Know Your Units (2017;
United Kingdom) [53]

Mobile app: individualized program to reduce or quit drinking

——Alcohol quantity✓✓✓MeSelfControl (2016; Ger-
many) [59]

Text-based DATs; avail-
able in Russian

—Alcohol quantity✓ReduceYour Drinking
(2015; Denmark) [46]

Explanation of standard
drink concept

Positive effectStandard drinks✓✓✓Saying When (2016; Cana-
da) [58]

Mobile app: BAC k calculator

—Physiology or nutri-
tion

Alcohol quantity✓alcCalc (2014: Japan) [50]

——Standard drinks✓Alcohol Diary (2019; not
provided) [67]

—Physiology or nutri-
tion

Alcohol quantity✓✓Alcohol meter (2019; not
provided) [60]

—Physiology or nutri-
tion; negative effect

Standard drinks✓✓✓DrinkWatch Unit Checker
(2016; United Kingdom)
[63]               

Mobile app: drinking diary

Photorealistic drink im-
ages; available in Rus-
sian

Physiology or nutri-
tion; negative effect

Alcohol quantity✓✓AlcoExpert (2019; Russia)
[47]

—Physiology or nutri-
tion

Alcohol quantity✓✓✓Alcofy (2020; not provided)
[62]

Visualized drinking
scene; link to animation-
enhanced AUDIT

Physiology or nutri-
tion; positive effect

Standard drinks✓✓DrinkCoach (2020; United
Kingdom) [56]

Photorealistic drink im-
ages

Negative effectStandard drinks✓✓DrinkControl (2020; not
provided) [61]

—Positive effectStandard drinks✓✓✓Dry Days (2020; United
Kingdom) [55]

BAC calculator—Standard drinks✓✓Drynk (2020; Ireland) [49]

—Negative effectStandard drinks✓Simple Alcohol Unit Track-
er (2020; United Kingdom)
[57]

AUDIT-ClPhysiology or nutri-
tion; positive effect

Standard drinks✓✓✓Try Dry (2020; United
Kingdom) [52]

Mobile app: SD counter

Available in RussianPhysiology or nutri-
tion

Standard drinks✓✓✓Wise Drinking (2019;
France) [48]
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Extra featuresUser feedbackAdjust

drinksc

(n=13)

Animation featuresTool name (year of last updateb;
country)

Additional feedbackhUnit of consump-

tiong
Pourf

(n=2)
Vesselse

(n=9)
Drinksd

(n=21)

Web-based tool: 1-time assessment of risky drinking

Visually enhanced AU-
DIT; linked to the
DrinkCoach mobile tool

Physiology or nutri-
tion

Standard drinks;
AUDIT risk score

✓✓DrinkCoach Alcohol Test
(not provided; United King-
dom) [56]

Visually enhanced AU-
DIT

Physiology or nutri-
tion

Standard drinks;
AUDIT risk score

✓HSE Self-assessment tool
(2019; Ireland) [64]

Web-based tool: SD counter

Drink selection depends
on chosen drinking con-
text

Physiology or nutri-
tion; negative effect

Standard drinks✓Drinkaware Drinks Calcula-
tor (2020; Ireland) [65]

aDAT: digital assessment tool.
bAt time of data extraction (2020).
cNonvisually adjust drink characteristics.
dChoose drinks from visual selection.
eChoose vessels from visual selection.
fSimulated interactive pouring of drinks.
gStandard drinks, alcohol quantity (pure ethanol consumed [eg, in g or L]), and AUDIT risk score.
hPhysiology- or nutrition-related feedback (eg, calories, ingested sugar, alcohol quantity equivalent in volume of beer or vodka, burger equivalent,
exercise time to burn calories, typical symptoms at intoxication level, time until sober); negative effect of consumption (eg, money spent, heavy drinking
days, drinking days per week); positive effect of reduced consumption (eg, money saved, sober days).
iAUDIT: Alcohol Use Disorders Identification Test.
jNot available.
kBAC: blood alcohol concentration.
lAUDIT-C: Alcohol Use Disorders Identification Test–Consumption.

Use of Animation
The 3 animation features defined in the eligibility criteria
represent different levels of animation complexity. The
distribution of these animation features in the identified alcohol
DATs is summarized in Textbox 1.

With the exception of 9% (2/22) of tools using photorealistic
images [47,61], all tools presented a selection of abstract and
often simplified drink icons. Examples of the assessment screens
are shown in Figure 2. More than half of the tools (12/22, 55%)
offered only 1 animation feature (selection of a drink or a
beverage type from a number of visually displayed options).
The number of drinks to choose from differed considerably.
Tools with fewer choices (<10 drink icons)
[46,49,50,57,63,64,66] did not allow for any individualization
of the chosen drink, whereas tools with more choices (16-29
drink icons) [47,56,61] enabled the user to individually adjust
certain drink characteristics, including standard units of alcohol
[56], drinking vessel size [61], volume consumed [47], and
alcohol content of the consumed beverage. The Know Your
Units tool [53] featured a virtual bar animation [53], allowing
the user to drag a predefined drink icon from a shelf onto a bar
table, where it was emptied out, accompanied by a
beverage-specific sound animation.

Most other tools (8/22, 36%) relied on a 2-step process to
describe consumed drinks. After choosing a beverage category,

users could choose their glass or bottle from a beverage-specific
selection. In the group of mobile tools, the choice of available
beverage categories and vessels per category differed from basic
(3-7 beverage categories; ≤3 vessel icons per category)
[48,59,62] to detailed (6-7 beverage categories; 4-10 vessel
icons per category) [52-55]. All but 25% (2/8) of these tools
[48,59] displayed all individualization steps on 1 overview
screen (eg, Figure 2, Try Dry). All tools allowed for nonvisual
adjustment of beverage alcohol content [48,52-55,59] or
consumed beverage quantity [59,62]. The DrinkCoach
web-based tool [56] lets users choose from 12 beverage
categories, as well as 3 to 7 vessels per beverage category, but
did not allow for further adjustment of drink characteristics.

Only 9% (2/22) of the included tools featured the simulated
interactive pouring of a drink; that is, continuously adjusting
the beverage level displayed in a drinking vessel [58,60]. One
of these tools used a nonchangeable standard vessel icon and a
standard-colored beverage for the animation [60]. The other
tool allowed users to choose the beverage and the vessel before
pouring their drink (Figure 2, Saying When) [58]. The poured
volume was displayed in real time during the pouring action,
in milliliters as well as in standard drinks. The color of the liquid
matched that of the chosen beverage. Further features to enhance
the 3D character of the pouring experience, such as shadows,
sound animations, or pouring-induced movement of the liquid
surface were not identified.
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Textbox 1. Identified animation features in mobile and web-based alcohol digital assessment tools.

Identified animation features

• Most of the included tools (21/22, 95%) offered the selection of a drink or a beverage type from a number of visually displayed options (1-step
visual description).

• Less than half of the tools (9/22, 41%) additionally offered the selection of a drinking vessel from a number of visually displayed glasses and,
in some instances, bottles (2-step visual description).

• Only 9% (2/22) of tools allowed the simulated interactive pouring of a drink; that is, continuously adjusting the beverage level displayed in the
chosen drinking vessel.

Figure 2. Screenshots of drink input sections in mobile digital assessment tools quantifying alcohol consumption. From left to right: Simple Alcohol
Unit Tracker [58] and Know Your Units [54] (both 1-step visual description); Try Dry [53] (2-step visual description); Saying When [59] (2-step visual
description with adjustment of the vessel fill height).

Part 2: Identification of Feasibility, Acceptability, and
Validity Studies

Overview
A total of 1585 records were identified through a systematic
literature review search in Embase, MEDLINE, PsycINFO, and

Web of Science (Figure 3). Removal of duplicates left 73.56%
(1166/1585) of records for the title and abstract screening. In
the random sample of 100 records screened by 2 reviewers, the
agreement was 92% for inclusion decisions. Of the 81 full-text
articles assessed for eligibility, 5 (6%) met the inclusion criteria.
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Figure 3. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study selection. eSBI: electronic screening
and brief intervention.

Study Characteristics
All included studies used a 1-arm study design with convenience
sampling to explore the feasibility, acceptability, or validity of
the alcohol DAT in question, or several of these concepts (Table
2). Of the 5 studies, 3 (60%) were conducted in Australia
[69-71], 1 (20%) in Canada [72], and 1 (20%) study used a
combined sample of participants recruited in Canada and
Switzerland [73]. Data collection took place between 2015 and
2017; 40% (2/5) of papers [70,71] did not report the period of
data collection.

Participants were recruited at primary health care and addiction
centers [69,71] and through researcher networks [70],
advertisements on university campus [70,72], social media, and
internet forums [70,73]. Of 5 studies, 2 (40%) recruited
participants from the general population [70,72]; 20% (n=1) of
studies focused on adults with risky alcohol use [73]; and 40%
(n=2) of studies used quotas to include nondrinkers,
nondependent drinkers, and dependent drinkers [69,71]. Sample
sizes ranged from 50 [72] to 671 [70] participants, with balanced
proportions of men and women.
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Table 2. Overview of included studies (N=5).

Main findings on acceptability and criterion or conver-
gent validityRecruitment

Study sample (age in
years)

Country; time of da-
ta collection (tested

alcohol DATa)Reference

Acceptability and feasibility studies

Primary health care
and addiction center

246 patients (18-78)
with and without prob-
lematic alcohol use; 5
field research assistants

(—b)

Australia; 2016-
2017 (Grog Survey
app)

Lee et al [69] • Acceptability: 97% of patients rated alcohol DAT
as easy to use or okay to use (rather than hard to
use); staff suggested a high potential for the app to
be used in primary health care settings, noted that
participants appeared engaged and required mini-
mal assistance

Social media and in-
ternet forums

130 participants (mean
32.8, SD 10) with prob-
lematic alcohol use

Switzerland and
Canada; 2015 (Al-
cooquizz)

Bertholet et al
[73]

• Acceptability: Low self-reported frequency of al-
cohol DATs use during the 3-month study period
(only 53.6% of participants reported using it more
than once); moderate rating for appreciation and
usefulness of the alcohol DAT (mean 6/10 points,
IQR 5-8)

Validation studies

Primary health care
and addiction cen-
ters

238 participants (18-78)
with and without prob-
lematic alcohol use

Australia; 2019c

(Grog Survey app)

Lee et al [71] • Criterion and convergent validity: Moderate
(Spearman correlation between alcohol DAT and
clinical interview for consumption quantity: r=0.68;
P<.01); compared with interviews, alcohol DAT
recorded higher numbers of standard drinks con-
sumed per drinking occasion (median 17.0, IQR
10.5-27.9 and median 15.4, IQR 9.6-23.2)

• Criterion validity: Equal or better correlation of
the presence of self-reported withdrawal tremors
with the self-reported quantity of alcohol consump-
tion in the alcohol DAT (r=0.40; P<.05) than with
consumption estimate in the clinical interview
(r=0.32; P<.05)

Researcher networks
and social media and
internet forums

671 participants (16-56)
with unknown alcohol
use

Australia; 2018c

(CNLab-A)

Poulton et al
[70]

• Convergent validity: Acceptable or high, with a
significantly higher percentage of drinking days
(P=.007) and total alcohol intake (P<.001) assessed

by EMAd alcohol DAT compared with 21-day

TLFBe; alcohol DAT recorded significantly higher

hourly alcohol intake compared with AUQf

(P=.002); no significant difference between AUQ
and DAT in estimated weekly average consumption
(P=.13)

Advertisement on
university campus

50 participants (16-30)
with unknown alcohol
use

Canada; 2016 (Bev-
erage Frequency
Questionnaire)

Vanderlee et al
[72]

• Convergent validity: High correlation with 7dFRg

for number of drinks (Pearson r=0.58; P<.001) and
consumed volume (r=0.78; P<.001)

• Acceptability: Good comprehensiveness assessed
through cognitive interviewing (78% of participants
reported no trouble in selecting a beverage image).

aDAT: digital assessment tool.
bNot available.
cYear of study, as the year of data collection is not available.
dEMA: ecological momentary assessment.
eTLFB: Alcohol Timeline Followback.
fAUQ: Alcohol Use Questionnaire.
g7dFR: 7-day food record.

Characteristics of the Evaluated Tools
The evaluated alcohol DATs included 3 mobile apps and 1
web-based tool (Table 3), none of which had been identified in

this review through the systematic app store and web search.
Only 25% (1/4) of tools were publicly available in the German
or Russian app stores [73]. They were designed to screen for
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risky alcohol use and collect consumption data at the population
level [69,71], enable real-time assessment of alcohol intake
[70], deliver a program to reduce drinking [73], and conduct
epidemiological research [72].

Of the 4 tools, 2 (50%) presented a low number of visually
displayed drink choices (<10 drink icons) [70,73]; 25% (1/4)

of tools offered the additional choice of a drinking vessel (16
vessel icons in 4 alcoholic beverage categories) [72]. The Grog
Survey app offered a wide range of region- and culture-specific
beverages and drinking vessels and the additional feature of
pouring a drink [71,75].

Table 3. Scientifically evaluated DATsa quantifying alcohol consumption: overview of core characteristics.

Extra featuresUser feedbackAdjust

drinksb
Animation featuresTool name (year of study)

Additional feedbackgUnit of consump-

tionf
PoureVesselsdDrinksc

eSBIhfor problematic alcohol use (mobile app)

Comparison to reference
group

Physiology or nutri-
tion; negative effect

Risk score✓Alcooquizz (2017) [73]

Ecological momentary assessment alcohol DAT (mobile app)

——jN/Ai✓✓CNLab-A (2018) [70]

One-time assessment of risky drinking (mobile app)

Visualizations partly use us-
er-generated drinks

—AUDITk risk score✓✓✓Grog Survey app (2019)
[71,74]

One-time alcohol consumption assessment for epidemiological research (web-based)

Also assesses consumption
of nonalcoholic drinks

—N/A✓✓Beverage Frequency
Questionnaire (2018) [72]

aDAT: digital assessment tool.
bNonvisually adjust drink characteristics.
cChoose drinks from visual selection.
dChoose vessels from visual selection.
eSimulated interactive pouring of drinks.
fStandard drinks, alcohol quantity (pure ethanol consumed [eg, in g or L]), AUDIT risk score, and DAT designed for epidemiological research, did not
report the results to the user.
gPhysiology or nutrition-related feedback (eg, calories, ingested sugar, and alcohol quantity equivalent in volume of beer or vodka, burger equivalent,
exercise time to burn calories, typical symptoms at intoxication level, and time until sober); negative effect of consumption (eg, money spent, heavy
drinking days, and drinking days per week); positive effect of reduced consumption (eg, money saved; sober days)
heSBI: electronic screening and brief intervention.
iN/A: not applicable; DAT designed for epidemiological research, did not report the results to the user.
jNot available.
kAUDIT: Alcohol Use Disorders Identification Test.

Findings Regarding Acceptability and Feasibility
Of the identified 5 studies, 2 (40%) focused on the acceptability
and feasibility of the evaluated alcohol DAT (Table 2) [69,73].
Both used participant rating scales, rating appreciation and
usefulness [73] and ease of use, respectively [69]. One of the
tools, which was offered to study participants to be used at their
discretion during a 3-month period, recorded the self-reported
frequency of use [73]. In the second study, conducted in a health
care setting, quantitative and qualitative staff observations were
taken into account.

User evaluations of alcohol DATs were moderate to favorable.
The animation-using personal feedback module of the first tool
received an average participant rating of 6/10 in both the
appreciation and the usefulness scales [73]. However, the
self-reported frequency of use was low. The second tool was

rated as easy to use or okay to use rather than hard to use by
97% of the study participants. Staff observations concluded that
it could be completed with or without minimal assistance across
different age groups [69].

Findings Regarding Validity
In total, 60% (3/5) of studies aimed to explore the validity of
the respective alcohol DAT [70-72]. Established assessment
methods to quantify alcohol consumption, such as clinical
interviews or the alcohol Timeline Followback questionnaire,
were used as comparators. One of the studies additionally
evaluated the correlation between physical signs of addiction
and the self-reported quantity of alcohol consumption [71].

The reported convergent validity was moderate in one of the
studies [71] and moderate to high in a second study [72]. In
40% (2/5) of studies, the alcohol DAT recorded higher alcohol
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consumption than the established assessment method [70,72].
In one case, comparing an alcohol DAT designed for real-time
drinking assessment with a 21-day retrospective assessment,
this difference was statistically significant for the percentage
of drinking days and the total alcohol intake but not for the
number of heavy drinking occasions [70]. In the other study,
the number of standard drinks consumed per drinking occasion
did not significantly differ between the alcohol DAT and the
established assessment method [71]. Furthermore, consumption
estimates recorded in the alcohol DAT predicted physical signs
of addiction as good or better than a clinical interview [71].

Discussion

Principal Findings
This systematic review is the first on DATs using animation
features to support the quantitative assessment of alcohol
consumption, a novel approach in the emerging field of digital
health. Only 9% (2/22) of the alcohol DATs identified in part
1 of the review used animation in the sense of dynamically
animated images that can be modified through user interaction
(pouring a drink). Most animation features were implemented
in a simplistic manner and did not exploit the full visualization
potential of the available technology. The addition of dynamic
visual hints, such as foam, bubbles, or visible movement of the
beverage, could potentially help users recall their drinking habits
in greater detail, which is thought to enhance the accuracy of
reporting [76,77]. The results indicate that these features remain
underused and that there is ample room for exploration and
development.

In the identified alcohol DATs, relevant information regarding
the responsible organization, scientific background, and
development process was often incomplete or unavailable, which
prevented a well-founded quality assessment. A larger degree
of transparency is urgently required to fully exploit the potential
of animation-using alcohol DATs. Similarly, none of the
included tools provided information on the cultural or regional
adaptation of the offered beverages and drinking vessels [15,78]
or the approach and data sources used for this process.
Additional searches with Russian search terms, aiming to
identify relevant Russian-language alcohol DAT and gauge the
potential of repeating the systematic search in additional
languages in the future, showed a high availability of
English-language apps in Russian app stores. However, they
did not yield evidence of efforts to account for different cultural
contexts in different language versions of the same app.
Moreover, to the best of our knowledge, none of the tools
identified in the first part of the review had been scientifically
evaluated, underlining the lack of evidence for animation-using
alcohol DATs publicly available in app stores [79].

The second part of this review identified 5 exploratory studies
on the feasibility, acceptability, and validity of 4
animation-using alcohol DATs. These data showed fair to high
convergent validity between established consumption assessment
methods and animation-using alcohol DATs, whereas some
alcohol DATs were shown to record higher quantities of alcohol
consumption than the established measure. Considering the
worldwide underestimation of self-reported alcohol consumption

[22-24], these results could arguably be interpreted as a sign of
improved assessment accuracy [21]. Animation-using alcohol
DATs might thus contribute to reducing the well-known bias
of standard surveys.

Strengths and Limitations
To not miss any relevant alcohol DAT using interactive
visualizations, as opposed to purely text-based quantitation
tools, a broad definition of the term animation was chosen,
encompassing any apps that allow an image-based interaction
with the user to quantify personal alcohol consumption. In part
1, systematic searches were conducted in Android and iOS app
stores and via the Google search engine. These sources do not
provide access to tools that are published in smaller stores, such
as Amazon App Store, Samsung Apps, or Windows Store, or
on open-source platforms, such as Github [80]. Alcohol DATs
developed for health institutions or researchers may also have
been missed, as they often use ways of dissemination not
covered in this review [81]. We restricted our search to apps
available free of charge. More than 95% of the apps in the
Android market [41] and >99% of all downloaded and installed
apps [42] are estimated to meet this criterion.

The specific limitations of part 1 stem from the characteristics
of nonscientific search engines and app stores as search
environments. The providers of the platforms searched for this
review do not disclose their search algorithms [38,82]. Search
parameters, such as language and region settings and
customization based on previous search behavior, are known
to influence the choice and order of results, reducing the
replicability of searches. Copyright regulations and the differing
contents of national app stores further limit the selection of apps
available for review. Separate searches in all available national
app stores would not have been feasible with the available
resources. On the basis of the team’s locations, we searched the
German and Russian app stores, which showed a high content
overlap with US and UK app stores [39]. The searches allowed
for the identification of alcohol DATs from several countries.
Obtaining true global or regional representativeness is beyond
the scope of this review.

Moreover, digital app stores can be considered very unstable
sources of information. Their contents change quickly over time
and although for research articles stable identifiers, such as the
digital object identifier number, have been developed, so far,
there is no equivalent for mobile apps. Analyzing app store data
through systematic searches is a relatively novel approach; thus,
accepted reporting guidelines are not yet available. However,
first recommendations have been developed [38,82], which
guided the reporting in this review.

Many studies identified in part 2 focused on the evaluation of
electronic SBI programs to reduce alcohol consumption and
provided no information on the use of animation features in the
alcohol DAT that was tested. If this information could be
obtained through a web search, the study was excluded from
the review. Therefore, it is possible that some studies evaluating
animation-using alcohol DATs were falsely excluded.
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Comparison With Prior Work and Future Research
Perspectives
Today, >318,000 health apps are available on the app stores
[83], most of which are not recognizably evidence based [79,84].
Many apps, especially in the field of alcohol use, even promote
harmful behavior [85]. Efforts have been undertaken to develop
frameworks for app quality evaluation [86,87], as well as
provide systematic evaluations of the apps available in specified
health fields [88-90]. There are promising data on both the
efficacy of health apps to reduce harmful alcohol consumption
[32,33] and on the effect of interactive elements and
gamification in health apps [91-93]. This review adds a separate
evaluation of the availability and effects of interactive animation
features on alcohol DAT.

Further research is needed to evaluate the differences between
regional app markets within and beyond the English- and
Russian-language markets. To facilitate the implementation of
animation-using alcohol DAT in existing health care systems,
target group–specific evaluations, analyzing the perspective of
different age groups, and professional versus patient experiences
with animation-using alcohol DAT would be highly valuable.
The cognitive and psychological mechanisms underlying the
effects of animation features also warrant further evaluation.
For future research and tool development, the field of alcohol
assessment might benefit from deepening the dialog with

nutritional and dietary studies that have already started the
development of interactive tools using more elaborate animation
features that showed high validity and user-friendliness
[30,94,95].

Conclusions
Research in the field of DATs is rapidly advancing. This is
especially true for the area of mental health assessment tools,
platforms, and resources and seems particularly urgent in light
of the current COVID-19 pandemic [96-98]. By facilitating the
collection of internationally comparable data as part of
population-based surveys and improving the delivery of
electronic SBIs for hazardous and harmful alcohol use,
animation-using alcohol DATs might contribute to reducing
alcohol-attributable health burden in the future. However, the
potential of using animation features for the quantification of
individual alcohol intake in DATs has not been fully exploited
to date and has received little scientific attention. Further
research is needed to explore the extent to which such features
could improve the accuracy and user-friendliness of the
assessment and identify the underlying mechanisms. However,
although mostly using nondynamic animation features and often
deficient in scientific background information, first
animation-using alcohol DATs are available in app stores and
on the web, and the explorative study data generated so far
support their novel approach.
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Abstract

Background: Overweight and obesity are major problems worldwide, and they lead to an increased risk for several diseases.
The use of technology in the treatment of obesity is promising, but in the existing literature, there is considerable uncertainty
regarding its efficacy. In this review, we included web- and mobile-based weight loss interventions that were implemented
remotely in rehabilitation settings.

Objective: The aim of this systematic review is to study the effectiveness of physical activity-promoting web- and mobile-based
distance weight loss interventions in rehabilitation settings on body composition in comparison with control groups that did not
use technology.

Methods: Studies were searched from 9 databases. The inclusion criteria were as follows: population: age 18-65 years;
intervention: physical activity-promoting web- and mobile-based distance weight loss interventions; comparison: control groups
without the use of technology; outcome: changes in BMI, waist circumference, or body fat percentage; study design: randomized
controlled trial. The quality of the studies was assessed by 2 researchers. Meta-analysis was performed, and we also conducted
a meta-regression analysis to evaluate the factors associated with the changes in body composition outcomes if statistical
heterogeneity was observed.

Results: The meta-analysis included 30 studies. The mean quality of the studies was 7 of 13 (SD 1.9; range 3-10). A statistically

significant difference was observed in BMI (mean difference [MD] 0.83, 95% CI 0.51-1.15 kg/m2; P<.001), waist circumference
(MD 2.45, 95% CI 1.83-3.07 cm; P<.001), and body fat percentage (MD 1.07%, 95% CI 0.74%-1.41%; P<.001) in favor of the
weight loss groups using web- or mobile-based interventions. Meta-regression analyses found an association between personal
feedback and BMI (P=.04), but other factors did not play a role in explaining statistical heterogeneity.

Conclusions: Web- and mobile-based distance weight loss interventions significantly reduced BMI, waist circumference, and
body fat percentage. Future studies should focus on the comparability of the intervention content. Future studies are needed to
better understand weight loss and identify which components are essential in achieving it.

Trial Registration: PROSPERO CRD42016035831; https://tinyurl.com/7c93tvd4

(J Med Internet Res 2022;24(3):e25906)   doi:10.2196/25906
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Introduction

Background
Overweight and obesity are conditions that may influence
people’s health [1]. In 2016, more than 1.9 billion adults were
overweight and 650 million were obese [1]. Overweight is

defined as a BMI of ≥25 kg/m2, and obesity is defined as a BMI

of ≥30 kg/m2 [1]. However, the BMI categories seem to differ
based on cultural and racial backgrounds. For example, in Asian

populations, the BMI categories are as follows: <18.5 kg/m2 is

underweight, 18.5 kg/m2 to 23 kg/m2 is increasing but acceptable

risk, 23 kg/m2 to 27.5 kg/m2 is increased risk, and ≥27.5 kg/m2

is high risk [2]. BMI is widely used to define overweight and
obesity because it is simple to use, and it is the same for adults
of all genders and ages [1]. However, BMI does not consider
the distribution of fat, and it does not separate the weight of
muscle mass from that of fat mass [3].

Waist circumference has been used to identify abdominal fat
distribution [3]. Abdominal fat is metabolically more active
than fat in the hips or thighs [3]. However, waist circumference
is an imprecise indicator because it does not separate
subcutaneous fat from visceral fat [4]. Another limitation is that
the cutoff points cannot be applied universally [5]. However,
increased waist circumference has been shown to be associated
with cardiovascular diseases such as hypertension [5]. Body fat
percentage provides valuable information about the distribution
of fat [3]. Bioimpedance, dual-energy x-ray absorptiometry
(DXA), and skinfold thickness are generally used, but their
reliability has been called into question. For example, Sun et al
[6] found that bioimpedance was reliable in people with normal
body fat range, but it tended to underestimate body fat in people
who were thin, overweight, or obese. Bioimpedance measures
the electrical properties of body tissues as alternating electric
current flows through a human body using parameters such as
fat-free mass or total body water [7]. Another example is DXA,
which is a 3-component model (1 component of fat mass and
2 components of fat-free mass), but it is not widely used because
of its high cost and risk of unnecessary radiation exposure for
patients [8].

Several studies have highlighted the role of the combination of
physical activity and nutrition in weight loss [9-12]. However,
physical activity and nutrition are not the only features affecting
weight loss. For example, the gastrointestinal tract, genetics,
psychological stress, and medication also affect weight loss
[13]. Physical activity has a large role in weight loss in
maintaining the amount of fat-free mass and improving the body
composition of participants [14]. In addition, it has many health
benefits [10,15,16], such as improving the cardiorespiratory
system and muscular strength, that are associated with health
and functional capacity [17]. It also improves blood pressure
and increases insulin sensitivity and fat oxidation [15]. Physical

inactivity increases the risk of several diseases [16,18] as does
overweight [3].

Physical activity is an important factor in the prevention and
treatment of noncommunicable diseases such as stroke, heart
diseases, diabetes, and breast and colon cancer. It is also
important in the prevention of risk factors of noncommunicable
diseases, such as hypertension. Physical activity can be defined
as a movement that has been produced by the skeletal muscles
and requires energy expenditure [19]. Physical activity is an
integral part of rehabilitation because it has a variety of effects
on many organs and functions, such as lowering blood pressure
[20]. Physical activity-based rehabilitation has been used, for
example, in home-based rehabilitation [20], cardiac
rehabilitation [21], and spinal cord injury rehabilitation [22],
as well as with various chronic disabilities (eg, musculoskeletal
or neurological problems) [23]. Rehabilitation plays a critical
role in preventing as well as in minimizing the limitations of
functioning that are associated with different conditions [24].
Rehabilitation is needed by anyone with health conditions, not
only people with disabilities [24]. In this review, we were
interested in weight loss interventions in rehabilitation settings
and because of the role of physical activity in rehabilitation
[19,25], we included only studies that included physical activity.

The use of technology has increased in the rehabilitation
environment in the past decade. For example, technology has
shown benefits for rehabilitation focused on cardiac
rehabilitation [26,27], nonalcoholic fatty liver disease [28],
serious mental illness [29,30], and older adults [31]. These
studies focused on weight loss [27-29,31], lifestyle changes
[30], and decreasing coronary risk factors [26]. The studies
contained, for example, mobile health technology (eg,
smartphones and SMS text messages) and social media to
increase motivation and facilitate self-monitoring and peer
support [29]; a Facebook group-based lifestyle program where
participants were able to connect and support each other with
regard to healthy eating and exercise goals [30]; an SMS text
messaging intervention where the messages provided education
on nutrition, exercise, and stress management, as well as
improving motivation [28]; videoconferencing sessions
consisting of nutrition and exercise sessions [31]; and mailed
written materials, a pedometer, and coaching and goal-setting
sessions through the telephone [27]. The study by Varnfield et
al [26] included smartphones for monitoring health and exercise
and delivered motivational and educational materials. It also
provided access to a web portal where participants received
weekly consultations [26].

Many systematic reviews have studied the effectiveness of
technology-based distance weight loss interventions among
adults [32-38], but only in a few reviews was the primary
outcome related to body composition [32-34]. In other reviews,
the primary outcome was weight change [35-38]. There is
evidence that technology-based distance weight loss
interventions improved weight loss and body composition
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outcomes compared with usual care without the use of
technology [35-37], no treatment [34] or minimal intervention
(information) [33], pamphlets [34], and self-help written
materials (eg, dietary guidelines) [35]. There was a variety in
the selected study designs in the previous systematic reviews.
For instance, most reviews included randomized controlled
trials (RCTs) [32-38], but quasi-RCTs [34], single-group
intervention studies [36], non-RCTs [36], comparative
effectiveness trials [36], retrospective cohort studies [36], and
pre-post and quasi-experimental studies [32] were also included.
There was variation in the inclusion criteria of the reviews in
terms of control groups. Two reviews [34,35] determined what
content they would accept for the control groups. They included
usual care [34,35], educational materials [34], telephone
interventions [34], in-person interventions [34,35], a
no-intervention control group [35], or another eHealth
intervention [35]. One review [32] had no restrictions about the
content of the control group, 2 reviews [33,37] did not mention
the content of the control group in the inclusion criteria, and in
2 reviews [36,38], all the studies did not include a control group.
There was statistical heterogeneity in most of the reviews
[32-37].

Only three previous reviews have used body composition
outcomes: BMI [32,34] and waist circumference [33,34]. None
of these reviews included all body composition outcomes (BMI,
waist circumference, and body fat percentage). Other reviews
investigated solely the effectiveness of weight loss (measured
in kilograms) [35-37]. Although these systematic reviews have
presented positive results, there is also contrary evidence. In
body composition outcomes, no difference between the
technology user group and control group was found [32];
technology-based interventions achieved smaller weight loss
than in-person interventions [34]; or there were inconsistent
results [38]. Previous reviews have been heterogeneous in terms
of technology. They have described the technology used as
eHealth interventions [32,35,36], internet-based interventions
[33,37,38], an intervention that used a PC or mobile device [37],
or an interaction-enabled computer-based intervention [34].
This review has focused on web- and mobile-based
interventions, and the outcome variables were BMI, waist
circumference, and body fat percentage.

Only 1 previous systematic review [33] has used meta-regression
analysis to investigate the association between personal
characteristics and waist circumference. The authors found that
baseline waist circumference, gender, and social support were
significantly associated with a reduction in waist circumference
[33]. However, the meta-regression analysis only focused on
waist circumference and studies that included internet-based
interventions. Similar meta-regression analyses have not been
conducted on other outcomes such as BMI and body fat
percentage, which may increase the knowledge that should be
considered in future treatment strategies for weight loss
interventions. This meta-regression analysis provides a more
comprehensive analysis than other previous reviews. In addition,
this review discusses how different studies have implemented
distance weight loss interventions that use web- and
mobile-based intervention.

It has been suggested that technology-based distance health
promotion interventions should be theory-based [39] and
strengthen self-regulatory skills, which are essential in
maintaining behavior change [40]. Widely used theories in
technology-based weight loss interventions are cognitive
behavioral [41] and social cognitive theories [40]. The cognitive
behavioral theory is based on the assumption that all behavior
is learned and internal and environmental factors are related to
the behavior. It teaches to explore, identify, and analyze
dysfunctional patterns of thinking and acting. Strategies related
to cognitive behavioral theory include self-monitoring, goal
setting, and social support. [41]. According to the social
cognitive theory, people learn by observing social interactions
and experiences. According to the social cognitive theory,
effective strategies are demonstration, modeling, and social
support [41].

Objective
The aim of this systematic review is to study the effectiveness
of physical activity–promoting web- and mobile-based distance
weight loss interventions in rehabilitation settings on body
composition in comparison with control groups that do not use
technology. We conducted a comprehensive systematic review
with meta-analysis of absolute changes in BMI, waist
circumference, and body fat percentage. We also conducted a
meta-regression analysis to evaluate the factors associated with
the changes in body composition outcomes if statistical
heterogeneity was observed.

Methods

Data Sources
The following 9 databases were searched from January 2000 to
January 2016: PsycINFO, Cochrane Central Register of
Controlled Trials, Embase, CINAHL, Ovid MEDLINE,
OTseeker, PEDro, Web of Science, and PubMed. An updated
search of the following 5 databases was performed from January
1, 2016, to March 31, 2020: PsycINFO, CINAHL, Ovid
MEDLINE, PEDro, and PubMed. It was decided to conduct the
updated search only in the databases from which we retrieved
all the included studies in the first search. Our updated search
resulted in 2684 studies, and this number is considered
sufficient; it is unlikely that the updated search would have
resulted in missing out on studies relevant to our review. In all,
2 information specialists (HL and AR) performed the searches
using search terms related to technology and physical activity
as well as terms reflecting RCT and clinical trial study designs.
The search strategy is presented in Multimedia Appendix 1. A
manual search was conducted using the reference lists acquired
from the studies found in the search. This systematic review is
registered with PROSPERO (CRD42016035831).

Study Selection
With the support of a research team, 1 researcher (HL) was
responsible for searching for studies related to the outcomes of
this study. The studies were screened by 1 reviewer (HL) using
the Population, Intervention, Comparison, Outcomes, and Study
Design (PICOS) approach recommended in the PRISMA
(Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses) checklist [42]. The inclusion criteria were set
according to the PICOS framework and were as follows:
population: adults aged 18 65 years; intervention: physical
activity–promoting web- and mobile-based distance weight loss
interventions in rehabilitation settings in the experimental group;
comparison: control group without the use of technology;
outcome: changes in BMI, waist circumference, or body fat
percentage; and study design: RCT. We decided to set the upper
age limit as 65 years because Finnish legislation categorizes
people aged >65 years as elderly [43]. Rehabilitation is defined
as a set of interventions designed to optimize functioning and
reduce the disability of individuals who have health conditions
[14]. As this review explores the benefits of web- and
mobile-based interventions in rehabilitation settings, the
interventions in the included studies had to involve participants
requiring rehabilitation. We defined web-based interventions
as interventions that are performed through the internet and
mobile-based interventions as interventions that are performed
through mobile devices [44]. Interventions had to be
implemented remotely so that the participant was able to use
the technological device without the presence of the health care
provider. The only exceptions were monthly measurement visits
or introduction lessons, seminars, or discussion visits. As
outcome variables, we used European BMI categories. However,
in different racial groups, BMI categories differ. Studies
published in Finnish, English, or Swedish were included. In the
reporting of the review, the PRISMA guidelines [42] were
adhered to.

Methodological Quality of the Included Studies
The methodological quality of the RCTs was evaluated using
the 13-point scale introduced in the guidelines for systematic
reviews in the Cochrane Collaboration Back Review Group
[45]. Two assessors (HL and AR) from the research group
evaluated the studies. Both assessors evaluated the studies
independently at first, after which the results were discussed.
If necessary, a third reviewer (TS) was consulted to resolve any
disagreement. However, a consensus was reached for each study.
If a criterion was fulfilled, the domain was considered a Yes
and counted as a score. If a criterion was not fulfilled, it was
considered a No. If a criterion was unclear, it was considered a
Don’t know, symbolized by ?. The main quality domains were
the following: A1: randomization; B2: concealed treatment
allocation; C3: blinding of the patients; C4: blinding of the care
providers; C5: blinding of the outcome assessors; D6: dropout
rate; D7: analysis of participants in the groups to which they
have been assigned; E8: selective outcome reporting; F9:
similarity of groups at baseline; F10: similarity or absence of
cointerventions; F11: compliance; F12: timing of outcome
assessments, and F13: other types of biases. After summing the
Yes scores, the maximum score obtainable was 13. The quality
points were used as a covariate in the meta-regression analysis.

Data Analysis
The meta-analysis consisted of mean difference (MD) analyses
for three parameters: BMI, waist circumference, and body fat
percentage. A positive MD was considered to favor the
experimental group. MD was calculated using groupwise MDs;
if these groupwise MDs (and corresponding SDs or SEs) were

reported inadequately, only end point measures were used.
Instead of SDs or SEs, some studies reported P values or CIs.
In this case, the corresponding SDs were calculated from P
values or CIs, assuming a 2-tailed t test. If the median was
reported instead of the mean, the median was used to estimate
the mean by using the formula range/4 [46]. The authors of the
included studies were contacted if the required data were missing
or not adequately reported. Responses were received from 11
authors.

All 3 analyses were conducted in 2 phases. First, an ordinary
meta-analysis (fitted with restricted maximum likelihood) with
no covariates was conducted to estimate the average MD, the
heterogeneity among the studies, and the possibility of
publication bias. Analyses were conducted using R with a
meta-analysis package (metafor; The R Foundation for Statistical
Computing) [47]. The level of heterogeneity was measured

using the I2 measure, and its significance was tested using the

Cochran Q test. Thresholds for the interpretation of the I2

measure were as follows: low (0%-40%), moderate (30%-60%),
substantial (50%-90%), and considerable (75%-100%) [48].
Publication bias was assessed visually using funnel plots and
by using a regression test. The regression test measures the
association between the effect sizes and the corresponding SEs
[49]. If the funnel plot is symmetrical, publication bias does not
exist [48].

Second, the influence of covariates was studied using
meta-regression analysis. Forward selection starting with a
model without covariates was used. Model fit was measured by
corrected Akaike information criterion (AICc): the smaller the
AICc, the better the model fit. Models were fitted with
maximum likelihood, which enables model comparison. Finally,
the model to be chosen (if not the same as in the first phase)
was fitted with restricted maximum likelihood to produce
unbiased P values and CIs. A 3-level meta-analytic model [50]
was applied in both phases. Dependence induced by multiarm
studies was treated with the method proposed in the study by
Gleser and Olkin [51].

Meta-regression analysis was used to explain the statistical
heterogeneity. A prior decision was made to investigate the
study-level characteristics. Covariates were related to the PICOS
framework: population: mean age of the participants, the
proportion of men, and analysis of the prevention; intervention:
length of the intervention, personal goals, self-reporting,
personal feedback, and using theory; comparison: the content
of the control group; study design: quality of the studies (for
the coding of these variables, see Table 1).

The 9 covariates chosen for the meta-regression analysis were
based on the findings from previous systematic reviews.
Covariates related to the population were based on mixed
findings of previous studies. The results were mixed with regard
to weight loss and age [52,53] or gender [37,52,54] of the
participants. In previous reviews, too, the results were mixed
in studies concerning primary prevention [34], secondary
prevention [33,55,56], and tertiary prevention [52,57]. Primary
prevention means that a participant is healthy and the prevention
is targeted at preventing diseases. In secondary prevention, a
participant has symptoms of a disease, and the actions are
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targeted to prevent more symptoms or the development of a
disease. For example, a participant may have increased blood
pressure and the actions are targeted to prevent hypertension.
Tertiary prevention means that a participant already has a disease
such as hypertension and the actions are targeted to decrease
the effect of the disease [58]. Regarding the interventions, the
duration of weight loss interventions [52,59] and the best
methods to achieve greater weight loss [34,57,60] were
considered. Previous systematic reviews have indicated that
self-reporting [34,61], intervention personalization [61],
in-person feedback, and targeted structured lifestyle coaching
are important in facilitating weight loss [34]. Because of these
results, personal goals, self-reporting, and personal feedback
were chosen as covariates. Previous reviews [33,37,38] have
observed that several studies use theories; therefore, using a

theory was also chosen as a covariate. Regarding comparison,
we decided to study whether the content of control groups
influences the heterogeneity. In this review, the content of the
control groups varied greatly. A study by Johns et al [62] found
that control groups who received more advice or counseling
lost more weight than control groups who received, for example,
only pamphlets. We generated five categories that were
compared with a wait-list or no intervention (0): (1) usual care,
(2) usual care plus minimal guidance (eg, pamphlets), (3) paper
instructions, (4) paper instructions plus minimal instructions
(eg, introduction lesson); and (5) other intervention concerning
weight loss. Finally, we included a covariate reflecting the level
of study quality because previous systematic reviews have
discussed the variability of the quality of the studies
[33,38,57,60,63] and the heterogeneity of the studies [33,55-57].

Table 1. Description and coding of the covariates used in the meta-regression analysis.

CodingDescriptionCovariate

Years (continuous variable; range 20.0-69.1)Mean age • Mean age of the participants

Range 0-1; the scale has been changedProportion of men • Relative proportion of men from 0% to 100%

S: secondary prevention; T: tertiary preventionAnalysis of prevention • Secondary and tertiary prevention were compared with primary
prevention

Weeks (continuous variable; range 4-8)Length of the intervention • Length of the intervention

No (0) or Yes (1; dichotomous variable)Personal goals • If the intervention included setting personal goals for the weight
loss intervention

No (0) or Yes (1; dichotomous variable)Self-reporting • If the intervention included self-reporting of values needed in the
study (eg, weight, steps, and diet)

No (0) or Yes (1; dichotomous variable)Personal feedback • If the participants received personal feedback about their progress
(eg, weight loss or physical activity)

No (0) or Yes (1; dichotomous variable)Using theory • If the intervention used motivational or behavior change theories

Six-level factor using the wait-list group or no-
intervention group as a reference group (categor-
ical variable)

Content of the control
group

• 0=wait-list or no-intervention group
• 1=usual care or content of the control group has not been men-

tioned
• 2=usual care plus minimal guidance (eg, pamphlets)
• 3=paper instructions
• 4=paper instructions plus minimal instructions (eg, introduction

lessons)
• 5=other intervention concerning weight loss (eg, annual physician

appointment and fitness test)

Range 0-13 (continuous variable) [38]Quality of the studies • The level of quality assessment

Results

Overview
The search strategy yielded a total of 9006 potentially relevant
studies, of which 8976 (99.67%) were excluded, meaning 30
(0.33%) studies met the inclusion criteria and were included in
the meta-analysis and meta-regression analysis. A detailed
description of the citation screening and selection process is
presented in Figure 1.

Among the 30 included studies, the outcome variable was BMI
in 19 (63%) studies [64-82], waist circumference in 25 (83%)
studies [64,66,68-76,78-91], and body fat percentage in 11
(37%) studies [64,70,72,73,76,78,80,86,89,92,93]. All outcome
variables were included in 20% (6/30) of the studies
[64,72,74,76,78,80]. In the 11 studies using body fat percentage
as an outcome, 7 (64%) used bioimpedance
[64,72,73,76,78,89,93], 1 (9%) used DXA [86], and 1 (9%)
used skinfold [80], whereas in 2 (18%) studies, the methods
were not mentioned [70,92]. A detailed description of the
included studies is presented in Multimedia Appendix 2 [43-72].
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Figure 1. Flowchart of the study selection.

Methodological Quality of the Studies
The mean methodological quality of the studies was 7 out of
13 (SD 1.9; range 3-10). The quality assessment revealed great
variability in the quality of the studies, with the most frequent
source of bias being insufficiently reported blinding of the
participants or care provider. There was also insufficient
reporting on compliance with the intervention, avoidance of
cointerventions, dropout descriptions, and analysis of

participants in the assigned groups. The methodological quality
of the studies is presented in Multimedia Appendix 3 [64-93].

Description of the Participants
A total of 6103 participants were included in the studies, and
the mean percentage of men was 42% (SD 7.7%). The mean
age of the participants was 40.2 (SD 17.1) years. In a study by
Sakane et al [79], the average age was not reported, but the age
range of the participants was used. Therefore, the average age
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was imputed from the average age of Japanese people aged
20-65 years [94], weighted with the proportions of men and
women in the study. A similar imputation was made by
Anderson et al [65], except only the lower bound (18 years)
was reported; the average age of American people aged 18-84
years [95], weighted with the proportions of men and women,
was used. The number of participants in the experimental groups
was 3624 (mean 88.4, SD 98.4), and the mean percentage of
men was 38.8% (SD 31.2%). The number of participants in the
control groups was 2490 (mean 80.3, SD 106.8), and the mean
percentage of men was 41.1% (SD 31.8%). A detailed
description of the participants is presented in Multimedia
Appendix 2.

Description of the Interventions
The mean duration of the interventions was 30.4 weeks (SD
17.9; range 4 weeks to 2 years). In the included studies, weight
loss was set as the main aim of the study in 60% (18/30) of the
studies [64,66,68,71-74,76-82,85,86,89,91]. Of the 30 included
studies, 3 (10%) aimed to increase the level of physical activity
[70,88,92], whereas 2 (7%) focused on both increasing the
participants’ physical activity and decreasing their weight
[84,93]. Of the 30 included studies, 6 (20%) aimed at more
specific interventions such as disease management in diabetes
[65], lifestyle modification [67], reducing blood pressure [69],
health management [83], reducing cardiovascular risk and
weight loss [90], and improving quality of life [87]. The
included studies were implemented in rehabilitation settings.
The instructions for the intervention were given by a health care
professional (eg, general practitioner or physician), or the studies
were performed in the field of health science (eg, a department
of health and physical activity). A primary outcome was weight
l o s s  i n  3 7 %  ( 1 1 / 3 0 )  o f  t h e  s t u d i e s
[64,66,67,71,72,74,76,79,80,82,86], both weight loss and
physical activity in 33% (10/30) of the studies
[68,73,77,78,81,84,89-91,93], and physical activity in 10%
(3/30) of the studies [70,88,92]. Weight change was a secondary
outcome in 7% (2/30) of the studies [65,87], and weight loss
without definition was the primary or secondary outcome in
10% (3/30) of the studies [69,83,85]. A detailed description of
the interventions is presented in Multimedia Appendix 2.

The included studies used mainly mobile- or web-based
interventions. Of the 30 included studies, 5 (17%)
[65,71,85,87,90] used only mobile phones and 3 (10%)
[70,79,83] were only web-based. Both mobile- and web-based
interventions were included in 30% (9/30) of the studies
[66,69,72,74,75,77,78,80,82]. Altogether, a mobile-based
intervention was included in 73% (22/30) of the studies
[65,66,68,69,71-75,77,78,80,82,84-91,93], whereas a web-based
intervention was included in 60% (18/30) of the studies
[64,66,68-70,72,74-80,82,83,87,91,92]. Most of the studies used
combinations of technological devices, such as email in 17%
(5/30) of the studies [66,68,75,82,91], pedometers in 37%
(11/30) of the studies [64,69,73,76,77,84,86,88,89,91,93], and
DVDs in 10% (3/30) of the studies [64,69,76]. Other
technologies used were a step counter [66], an activity tracker
[67], an activity-measuring device [78], digital scales [84], video

clips [74], and an armband [80]. Of the 30 studies, 4 (13%)
combined a web-based intervention with a step counter [66] or
pedometers [64,76,91], 9 (30%) combined a mobile-based
intervention with an activity tracker [67] or pedometers
[69,73,84,86,88,89,91,93], and 2 (7%) used both web- and
mobile-based interventions with a pedometer [77] or an
activity-measuring device [78].

There was a large variation in the frequency of technology use.
The participants were contacted by telephone every week [77],
every other week [64,71,88,90], every 4-6 weeks [87], or 4 and
8 weeks after baseline measurements [72]. In the study by
Rimmer et al [77], telephone calls were reduced from weekly
calls to monthly calls, and in the study by Anderson et al [65],
call frequency depended on the risk stratification of the
participants. There was also variation in the guidance regarding
the frequency of using websites, smartphone apps, emails, and
accelerometers as a technology. In the studies using websites
and smartphone apps, guidance for logging in varied from daily
use [66,69,81], use at least once a week [74], use 3-4 times per
week [76,92], and use at least five times per week [72]. Of the
30 studies, 5 (17%) did not report the frequency of using a
website [68,78,80,83,91]. The frequency of emails was weekly
in 7% (2/30) of the studies [68,76]. In the studies using
pedometers and accelerometers, guidance for wearing them
varied from daily use [69,73,84,86,88] to 2 days a week
[64,76,80,89,92]. In the study by Rimmer et al [77], the
frequency was not reported.

There was variation in the content of the control groups. The
control group included usual care in 27% (8/30) of the studies
[65,74,82,84,88,90,92,93], a wait-list in 20% (6/30) of the
studies [66,68,76,77,83,85], and minimal treatments such as
brochures [67,69,71,86,87,90,91] or an annual physician’s
examination [72,87] in other studies. Group meetings [78,86],
introductory sessions [69], and mailed feedback about the
baseline assessment [89] were also used as content in the control
groups. Of the 30 studies, 9 (30%) [66,68,69,76,78-80,86,91]
included >1 intervention group, all of which were compared
with the same control group.

The Effectiveness of Web- and Mobile-Based Distance
Weight Loss Interventions on BMI Compared With
Control Groups Without the Use of Technology
Web- and mobile-based distance weight loss interventions were
0.83 units more beneficial to BMI than the control groups
without the use of technology (MD 0.83, 95% CI 0.51-1.15

kg/m2; P<.001; Figure 2). The studies were considerably

heterogeneous (I2=90%; P<.001). On the basis of the regression
test, there were no signs of publication bias (P=.61). According
to the AICc, studies using personal feedback have an impact
on BMI reduction compared with the included studies that did
not have personal feedback (0.32, 95% CI 0.02-0.62; P=.04).
However, other covariates did not have any effect on the
reduction in BMI. Detailed information about the covariates of
BMI is presented in Multimedia Appendix 4, and the analysis
of BMI is presented in Multimedia Appendix 5 [43-61].
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Figure 2. Forest plots describing the effectiveness of web- and mobile-based weight loss intervention on BMI compared with control groups without
the use of technology [64,70,72,73,76,78,80,86,89,92,93]. EN-TECH: enhanced technology-based system; GWL: group-based behavioral weight loss
program; GWL + SWA: group-based behavioral weight loss program + The SenseWear Armband; RE: random effect; SWA: The SenseWear Armband;
TECH: technology-based system.

The Effectiveness of Web- and Mobile-Based Distance
Weight Loss Interventions on Waist Circumference
Compared With Control Groups Without the Use of
Technology
Web- and mobile-based distance weight loss interventions were
2.45 units more beneficial to waist circumference than the

control groups without the use of technology (MD 2.45, 95%
CI 1.83-3.07 cm; P<.001; Figure 3). Substantial heterogeneity

was observed (I2=78%; P<.001). On the basis of the regression
test, there were no signs of publication bias (P=.73). According
to the AICc, none of the covariates explained the variability in
waist circumference reduction (Multimedia Appendices 4 and
6 [43,45,47-55,57-70]).
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Figure 3. Forest plots describing the effectiveness of web- and mobile-based weight loss intervention on waist circumference compared with control
groups without the use of technology [64,66,68-76,78-91]. EN-TECH: enhanced technology-based system; GWL: group-based behavioral weight loss
program; GWL + SWA: group-based behavioral weight loss program + The SenseWear Armband; RE: random effect; SWA The SenseWear Armband;
TECH: technology-based system; VFA: visceral fat measurement group.

The Effectiveness of Web- and Mobile-Based Distance
Weight Loss Interventions on Body Fat Percentage
Compared With Control Groups Without the Use of
Technology
Web- and mobile-based distance weight loss interventions were
1.07 units more beneficial to body fat percentage than the control
groups without the use of technology (MD 1.07%, 95% CI

0.74%-1.41%; P<.001; Figure 4). The heterogeneity was low

(I2=18%; P=.54). On the basis of the regression test, there were
no signs of publication bias (P=.81). According to the AICc,
none of the covariates explained the variability in body fat
percentage. However, the quality of the studies indicated that
it might have an impact on the reduction in body fat percentage,
but it was not statistically significant (estimate 0.12, 95% CI
–0.01 to 0.25; P=.06; Multimedia Appendices 4 and 7
[43,49,51,52,55,57,59,65,68,71,72]).
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Figure 4. Forest plots describing the effectiveness of web- and mobile-based weight loss intervention on body fat percentage compared with control
groups without the use of technology [64,70,72,73,76,78,80,86,89,92,93]. EN-TECH: enhanced technology-based system; GWL: group-based behavioral
weight loss program; GWL + SWA: group-based behavioral weight loss program + The SenseWear Armband; RE: random effect; SWA: The SenseWear
Armband; TECH: technology-based system.

Discussion

Principal Findings
This systematic review and meta-analysis indicated a statistically
significant difference in BMI, waist circumference, and body
fat percentage in favor of the physical activity-promoting web-
and mobile-based distance weight loss experimental groups
when compared with the control groups without the use of
technology. Previous systematic reviews have also observed
that weight loss [32,33,38] and waist circumference reduction
[38] were significantly greater in technology-based experimental
groups when they were compared with usual care without the
use of technology or with minimal interventions (eg, pamphlets).
Although in our meta-analysis, the experimental groups achieved
greater reduction in BMI, waist circumference, and body fat
percentage, the reductions in all outcome variables were
relatively small and not clinically meaningful. Previous
systematic reviews have indicated similar results [32,96]. They
found that although the results were statistically significant,
they were not clinically meaningful.

Despite using a vast number of different covariates in our
meta-regression analysis, only personal feedback showed a trend
toward an effect on the variability of the body composition
outcome measurements. Our meta-regression analysis did not
indicate that the level of study quality affected the findings,
although it was close to statistical significance. This is reassuring
for researchers who are conducting RCTs to investigate weight
loss. Variability was also considered large in all meta-regression
analyses; therefore, a firm scientific conclusion is challenging
to draw. The review by Seo et al [33] found that mean waist

circumference at baseline, proportion of male participants, and
social support were related to significant waist circumference
changes. Other intervention content-related covariates were not
significant in the reduction in waist circumference. In the review,
the mean age of the participants, existing diseases, and the status
of general obesity also had a significant effect on waist
circumference reduction [33]. Despite important elements found
in previous studies (self-monitoring [8,61], in-person feedback
[34], targeted and structured lifestyle coaching [34,61], program
use [61], and social support [61]), only personal feedback and
the quality of the studies were related to greater changes in body
composition in our findings. Khaylis et al [97] qualitatively
studied components that are effective in facilitating weight loss.
According to the researchers, self-monitoring, counselor
feedback and communication, social support, structured
programs, and individually tailored programs are effective in
technology-based weight loss interventions [97]. In this
systematic review, self-reporting, personal goals, and personal
feedback were used as covariates, but the study did not find an
effect on body composition.

In this review, the interventions of the experimental groups
were web- or mobile-based. However, only 27% (8/30) of the
studies [65,70,71,79,83,85,87,90] used solely web- or
mobile-based technology, whereas the other studies used
multiple technologies in their interventions combining web- or
mobile-based technology with, for example, a pedometer [88],
or a DVD and pedometer [76]. In the included studies, there
were none in which the experimental group and control group
had similar interventions, with the only difference being that
the experimental group used technology and the control group
did not. In the experimental group, the content of the
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intervention might have included several methods, such as
telephone calls, self-reporting, personal feedback, and
pedometers, whereas the control group had only brochures.
Therefore, it is difficult to identify the real effects of
technology-based distance weight loss interventions on body
composition. In addition, several other factors, such as those
related to motivation and commitment to the intervention, could
have affected the results. However, in rehabilitation,
communication between the participant and health care provider
is essential. Although we recognized that the level of
communication and social support may complicate investigating
the effectiveness of the technology itself, in rehabilitation
settings this is unavoidable. Therefore, we included motivation
with personal feedback and personal goals as a factor in the
meta-regression analysis because this has been found to be a
contributing factor in weight loss interventions [97-99].
According to our findings, these covariates did not influence
the results of this study and only personal feedback had a
statistically significant result in decreasing BMI.

This review provides insight into how weight loss interventions
can be implemented in rehabilitation settings, both with and
without the use of technology. We explored the benefits of the
web- and mobile-based weight loss interventions that were
mainly implemented remotely and promoted physical activity.
The interventions included, at minimum, access to a basic
web-based program [68] or telephone calls [65]. The most
intensive intervention included, for example, a meeting with
the health educator, individual reports of measurements, a 2-hour
group seminar, basic guidance for healthy eating and physical
activity, self-monitoring of daily food intake and physical
activity, weekly individual feedback reports on diaries, step
counters, monthly email newsletters, telephone consultations,
and monthly clinic visits with discussions about behavioral
strategies [66]. There was also variation in the content of the
control groups. Usual care and wait-list were most commonly
used. However, pamphlets, annual physician appointments,
self-monitoring by means of paper diaries, and weekly group
meetings were also examples of the content of control groups.
There are various ways to implement weight loss interventions
that use technology. It is not known which features are
imperative for achieving weight loss [35], but this review
provides a general view of the features that were used in
previous studies as well as the minimum and maximum features
that were used in previous studies.

A challenge of technology-based interventions might be how
to motivate participants to use technology enough. For example,
in the study by Hansen et al [70], 71% of the participants did
not sign into the website at all, and only 2% signed in several
times over a 6-month period. Haapala et al [85] found that the
frequency of using the website varied from 3 to 8 times per
week. According to the investigators, the participants who
achieved a weight loss of >5% reported more log-ins to the
website than the participants who achieved a weight loss of
<5%. To achieve results using weight loss interventions, it would
be important to get participants to engage in the study. In future
studies, this could be a covariate because it is an important
element of weight loss interventions. Future studies should more

accurately report the adherence of participants to the
intervention.

Outcome variables have varied in previous reviews concerning
body composition changes. Therefore, the clinical significance
of the reduction in BMI, waist circumference, or body fat
percentage is difficult to determine. There are also certain
challenges in these outcomes. BMI has been used to determine
obesity. However, it is a poor indicator of body fat percentage,
and it does not capture the location of body fat [100]. A
clinically significant reduction in waist circumference has not
been determined in previous studies. Han et al [101] found that
a 5-10 cm reduction in waist circumference was a realistic goal
with great health benefits for White women who were
overweight. However, this study was published in 1997, and it
is out of date. Future studies are needed to determine what a
beneficial reduction in waist circumference is in terms of, for
example, the prevention of obesity-related illnesses. Body fat
percentage can be measured in multiple ways. In this review,
23% (7/30) of the studies used bioimpedance
[64,72,73,76,78,89,93], 3% (1/30) used DXA [86], and 3%
(1/30) used skinfold [80]. In 7% (2/30) of the studies, the
methods were not mentioned [70,92]. Benito et al [8] compared
DXA, bioimpedance, and skinfold measurements in adults who
were overweight. According to them, skinfold seems to
underestimate the values of body fat percentage. Therefore,
DXA and bioimpedance can be better tools for measuring it [8].
Liao et al [102] studied the accuracy and agreement of DXA
and bioimpedance results. They found moderate to high
correlations between these 2 measurements in estimating total
and segmental lean body mass, fat mass, and body fat
percentage.

Obesity is a multidimensional phenomenon, and although
obesity is a widely studied condition, we still do not understand
all aspects of it. Strong misconceptions such as laziness and
lack of self-discipline are still related to obesity in health care
settings, workplaces and education, and public literature. In
addition, people with obesity feel a strong stigma, which can
affect their physical and psychological well-being [20]. It is
important to understand comprehensively the phenomenon of
obesity so that in rehabilitation settings we can support the
well-being of people with obesity without stigmatization.

Strengths and Limitations
The strength of this systematic review is its carefully conducted
statistical analyses with its strict PICOS criteria and the use of
only RCTs. Meta-regression analysis with several covariates
was used to explain the heterogeneity of the studies. To the best
of our knowledge, this is the first systematic review to use a
comprehensive analysis to identify possible statistical
heterogeneity while investigating the effectiveness of web- and
mobile-based distance weight loss interventions in rehabilitation
settings on body composition. A limitation of this systematic
review was that the included studies were very heterogeneous.
An explanation for the clinical heterogeneity might be the
variability in the content of the interventions.

Despite several covariates used in the meta-regression analysis,
only personal feedback showed a statistically significant
association, and the quality of the studies showed a
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nonsignificant association with the reduction in waist
circumference and body fat percentage. In addition, there was
variation in the widths of the CIs, and all the estimates were
small. It is also important to note that no multiple testing
corrections were made. In addition, there was low statistical
power. Therefore, any conclusions drawn from the results of
the meta-regression analysis must be treated with caution.
According to our findings, the sources of the heterogeneity
remain unclear. Some other factors that were not investigated
in this study could probably explain the heterogeneity. For
example, previous systematic reviews observed associations
between social support and waist circumference reduction [33]
and between program use and weight loss [61].

The second limitation is that only 1 researcher screened the
studies. However, the whole study group supported the study
screening, and in unclear cases, the study group was consulted.
In the final search, 30 studies met the inclusion criteria;
therefore, the review provides a comprehensive view of the
topic in question. Third, this review focuses on web- and
mobile-based weight loss rehabilitation interventions, which
were mostly implemented remotely by a health care professional.
Because of this, we cannot generalize the findings of this review
to all persons and weight loss interventions. It is possible that
other factors in the rehabilitation context, such as social support
provided by a health care professional, may have affected the
findings. Despite these limitations, we believe that the important
findings of this review provide a unique overview of web- and
mobile-based distance weight loss interventions to clinicians
and researchers in rehabilitation settings.

In this review, 87% (26/30) of the studies were from
high-income western countries. Only 13% (4/30) of the studies
were from Asia [67,73,79,83]; the rest were from the United
States, Australia, or Europe. Because of the high representation
of high-income western countries, we were not able to perform
a meta-regression analysis for identifying differences across
continents. Therefore, the findings of our results cannot be
generalized worldwide and more future studies are
recommended to investigate the potential of, and possible
differences in, the use of technology to support weight loss and
to reduce obesity in different cultures.

Future Recommendations
Future studies should focus on the comparability of the
intervention content. To study weight loss more specifically,
more attention should be paid to the comparability of RCTs and
control group content. Studies should focus on interventions
where the only difference between the experimental and control
groups would be the use of technology; in other respects, the
content of the groups would be similar. With this study design,
it would be possible to determine the effect of technology in a
weight loss intervention. In our review, the content of the
interventions in the included studies was heterogeneous, and
this may influence the generalizability of our findings. However,
this review provides a glance at technology-based interventions

in weight loss rehabilitation. Future studies should use the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist [103] to align the terminology for the use
of technology and, in turn, increase the quality of future
systematic reviews.

In our meta-regression analysis, we considered different aspects
of the intervention content to explain the statistical
heterogeneity. A study concerning the remote rehabilitation of
cardiac rehabilitees’ by means of technology [104] suggested
that interventions are encouraged to include social participation,
such as peer group discussion and personalized feedback. In
our review, we were unable to include such covariates to
describe the role of communication because only 7% (2/30) of
the studies [56,78] used 2-way communication and only 17%
(5/30) of the studies included peer support [68,70,74,79,81]
through technology. Other studies included a 1-way
communication approach. Although we could not use
communication as a covariate, we used personal feedback as a
covariate. It had an impact on BMI but not on waist
circumference or body fat percentage. Future studies should
consider communication as an essential tool in supporting the
weight loss of participants.

Future studies are also needed to better understand weight loss
and identify which components are essential in achieving it.
Several covariates did not explain the variability of the results,
which may indicate that web- and mobile-based distance
interventions in rehabilitation settings in the home environment
may be more complex to study and require a more personalized
approach. Therefore, in the future, it would be recommended
to study the meanings and perceptions of participants on the
use of technology in distance rehabilitation settings. As in the
cardiac rehabilitees’ technology study [104], more personalized
approaches should be used in weight loss interventions.
Rehabilitation is a complex trust-building process in which, for
example, cardiac rehabilitees desire personalized and
individualized counseling to maintain motivation [105].
Although weight loss has been widely studied, we still do not
understand its phenomena. An aspect that is closely related to
personalization is the understanding of obesity-related stigma,
which affects the well-being of people with obesity [20]. Future
studies should investigate the experiences of stigma and increase
the awareness of obesity-related factors as well as our
understanding of the stigma for people with obesity.

Conclusions
Web- and mobile-based distance weight loss interventions might
be more effective than weight loss interventions without the
use of technology. However, the changes in body composition
outcomes in this review were not clinically meaningful, and
statistical and clinical heterogeneity were present. Future studies
are needed to better understand weight loss and identify what
components are essential in achieving it.
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Abstract

Background: Telemedicine plays an important role in the management of inflammatory bowel disease (IBD), particularly
during a pandemic such as COVID-19. However, the effectiveness and efficiency of telemedicine in managing IBD are unclear.

Objective: This systematic review and meta-analysis aimed to compare the impact of telemedicine with that of standard care
on the management of IBD.

Methods: We systematically searched the PubMed, Cochrane Library, EMBASE, Web of Science, and Scopus databases on
April 22, 2020. Randomized controlled trials comparing telemedicine with standard care in patients with IBD were included,
while conference abstracts, letters, reviews, laboratory studies, and case reports were excluded. The IBD-specific quality of life
(QoL), disease activity, and remission rate in patients with IBD were assessed as primary outcomes, and the number of in-person
clinic visits per patient, patient satisfaction, psychological outcome, and medication adherence were assessed as secondary
outcomes. Review Manage 5.3 and Stata 15.1 were used for data analysis.

Results: A total of 17 randomized controlled trials (2571 participants) were included in this meta-analysis. The telemedicine
group had higher IBD-specific QoL than the standard care group (standard mean difference 0.18, 95% CI 0.01 to 0.34; P.03).
The number of clinic visits per patient in the telemedicine group was significantly lower than that in the standard care group
(standard mean difference −0.71, 95% CI −1.07 to −0.36; P<.001). Subgroup analysis showed that adolescents in the telemedicine
group had significantly higher IBD-specific QoL than those in the standard care group (standard mean difference 0.42, 95% CI
0.15 to 0.69; I2=0; P.002), but there was no significant difference between adults in the 2 groups. There were no significant
differences in disease activity, remission rate, patient satisfaction, depression, self-efficacy, generic QoL, and medication adherence
outcomes between the telemedicine and standard care groups.

Conclusions: Telemedicine intervention showed a promising role in improving IBD-specific QoL among adolescents and
decreased the number of clinic visits among patients with IBD. Further research is warranted to identify the group of patients
with IBD who would most benefit from telemedicine.

(J Med Internet Res 2022;24(3):e28978)   doi:10.2196/28978
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Introduction

Inflammatory bowel disease (IBD), including Crohn disease
and ulcerative colitis, is a group of chronic inflammatory
disorders of the gut. The prevalence of IBD is increasing
worldwide, with 3 million cases recorded in the United States
in 2015 and 4 million cases projected in Canada by 2030 [1,2].
Because of its recurrent relapsing-remitting nature, IBD exerts
a substantial economic and health burden on patients and their
families, health organizations, and nations [3,4]. The lack of
curative therapy for this condition entails lifelong medication
and follow-up that need to be effectively monitored in patients
with IBD [5].

Telemedicine was first defined by the World Health
Organization as health care service provided to patients at a
distance through information communication technologies (ie,
SMS text messaging, web-based applications, real-time
telephone) [6]. It is a broad term. Although the specific
telemedicine subtypes (telemonitoring, tele-education, and
teleconsulting) exhibit significant heterogeneity, they are closely
tied together by the concept of remote health care resources
delivery [7]. Given the convenience of communication
technologies, clinicians have been increasingly using eHealth
interventions as a supplementary tool to conduct follow-up and
provide education, including disease status and medication
instruction. Electronic medical technology has been proven to
change the course of certain chronic diseases such as diabetes
and asthma [8-11]. Patients with IBD, commonly diagnosed as
having the condition at a young age and deemed to need lifelong
follow-up for long-term remission, could also potentially benefit
from telemedicine intervention for preventing disease
progression and reducing complications and operation rates
[12-14]. Telemedicine has played an important role in the
management of IBD during the recent COVID-19 pandemic
[15]. Specific tools such as the IBD Monitoring Index for Mobile
Health have been developed and validated for clinical
management [16-21]. Others tools such as the IBD disk have
been adapted to smartphone apps to monitor IBD-associated
disability [22,23].

However, there is no consensus on remote health care
technology preferences for IBD management because of
contradictory results and high heterogeneity among studies.
Few studies precisely quantified the magnitude of intervention
effects [24-26], although many studies demonstrated that
telemedicine had a major impact on the management of IBD

[7,27,28]. We aimed to estimate the differences between
telemedicine and standard care in the management of IBD by
conducting a systematic review and meta-analysis of randomized
controlled trials (RCTs).

Methods

This study was performed in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines.

Search Strategy and Selection Criteria

Literature Search Strategy
Two investigators (LLP and ZDL) independently searched
publications in the PubMed, Cochrane Library, EMBASE, Web
of Science, and Scopus databases (search date April 22, 2020)
using the following search terms: (telemedicine OR telemonitor
OR e-health OR telehealth OR telecommunication OR
telemanagement OR telecare OR (telephone monitoring) OR
telenursing OR ((remote and short) message service) OR (mobile
health) OR (mobile applications) OR teleconsultation) AND
((inflammatory bowel disease) OR (ulcerative colitis) OR
(Crohn’s disease)). The search in the Web of Science, Cochrane
Library, and Scopus Google Scholar databases was limited to
titles and abstracts. However, no limitations were applied to the
search of PubMed and EMBASE. We also manually searched
the reference lists and related literature to identify additional
publications. The data sets used in this study can be obtained
from the corresponding author on request. Records were
imported into EndNote X 9.0 software (Clarivate) to eliminate
duplications.

Eligibility Criteria and Study Selection
Two authors (LLP and HYL) independently screened the titles,
abstracts, and keywords of the identified articles and selected
suitable papers for full review. Disagreements were resolved
by a third investigator (ZDL) or by consensus.

The studies included had to meet the following PICOS
(participants, interventions, control, outcomes, study design)
criteria described in Textbox 1 [6].

The exclusion criteria were as follows: conference abstracts,
letters, reviews, laboratory studies, and case reports in which
the necessary information could not be extracted; non-English
publications; and studies that did not report the outcomes
required.
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Textbox 1. Inclusion criteria.

1. P (participants)

Patients diagnosed as having IBD

2. I (interventions)

Telemedicine defined as “the use of electronic information and communication technologies for the delivery of health care when there exist distances
between patents and health care providers” such as internet, mobile phone applications, and SMS text messaging

3. C (control)

Standard care or usual care provided by the medical center according to IBD treatment guidelines

4. O (outcomes)

At least one of the following outcomes: inflammatory bowel disease–specific quality of life, disease activity, remission rate, generic quality of life,
self-efficacy, depression, medication adherence, patient satisfaction, and the number of clinic visits per patient

5. S (study design)

Only randomized controlled trials

Risk of Bias
Two reviewers (LLP and HYL) independently assessed the
quality and risk of bias of the included studies using the
Cochrane Handbook of Systematic Reviews of Interventions
[29]. In addition, the revised Jadad scale was also applied to
assess the quality of the included articles [30]. Any disagreement
was resolved by the third reviewer (ZDL).

Data Extraction
Two authors (LLP and HYL) independently extracted data, and
disagreements were resolved by a third investigator (ZDL).
Extracted data included first author, publication year, country,
participant characteristics (age, gender, disease type, and disease
activity status), intervention, follow-up time, and outcomes.
The investigators contacted authors to obtain original data not
reported in the published papers. If the number of telemedicine
intervention groups was more than one, amalgamation of these
groups was performed. If outcomes were reported more than
once, the updated data would be evaluated on priority.

Outcomes and Definitions
Primary outcomes in our study included IBD-specific QoL,
disease activity, and remission rate. Secondary outcomes
included generic QoL, self-efficacy, depression, medication
adherence, patient satisfaction, and the number of in-person
clinic visits per patient.

Except the number of clinic visits, reported outcomes were
measured by specific questionnaires or scales. For instance,
IBD-specific QoL was assessed by the IBD questionnaire
(IBDQ) [31]. Disease activity was assessed by the Mayo score,
Walmsley index, or Seo index for ulcerative colitis or
indeterminate colitis and by the Harvey Bradshaw Index for
Crohn disease [32-35]. Additionally, remission rate was defined
as the proportion of patients in clinical remission at the endpoint
or during the intervention [36,37]. Patient satisfaction was
defined by scales (eg, consultation satisfaction questionnaire)
evaluating the acceptance of care provided by clinical staff [38].

Data Synthesis and Statistical Analysis
All data were analyzed using Review Manager 5.3 (The
Cochrane Collaboration) and Stata 15.1 (StataCorp). We used

standardized mean difference (SMD) with 95% CI to calculate
continuous variables and relative risk with 95% CI to calculate
discontinuous variables. Owing to the heterogeneity between
the included studies, we used a random-effects model to assess
a relatively more conservative estimate of the 95% CI.
Heterogeneity was evaluated using the Cochrane Q statistic and

I2 statistic. Subgroup analysis was conducted if needed, focusing
on predefined stratification including the follow-up time (<12
months or not) and patient characteristics (adults or adolescents
or patients aged above 18 years or not). Funnel plots, Egger
test, and Begg test were used to examine potential publication
bias.

Results

Search Process, Study Characteristics, and Quality
Assessment
A total of 1422 articles were identified after searching the
databases, and 2 additional articles were included through search
of the references. Of the 711 unique studies obtained after
removing duplications, 617 irrelevant articles were eliminated
and 94 were assessed in full text. The following publications
were excluded: 12 articles because of a lack of accessible full
text, 13 because of incomplete data, 7 for being unrelated to the
topic, and 11 for failure of randomization; 21 conference
abstracts; and 13 reviews. Finally, 17 RCTs were considered
potentially eligible and comprised 2571 patients from 2010 to
2020; most of these RCTs were conducted in the United States
[39-45], followed by the Netherlands [46-48], New Zealand
[49,50], Denmark [12,51], the United Kingdom [52], Spain
[53], Ireland [12], and Turkey [13]. The process of selecting
enrolled studies is shown in Figure 1.

Table 1 summarizes the key characteristics of the included
studies and participants. The results of the revised Jadad scale
for the enrolled studies are also shown in Table 1 and indicate
that 13 identified studies were of high quality (ranging from 5
to 7). Three of the included studies are from the same clinical
trial but report different outcomes. The methodological quality
of enrolled studies is shown in Figure 2 and Figure 3.
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Figure 1. Flow diagram of the selection of enrolled studies.
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Table 1. Characteristics of the included studies and participants.

OutcomesFollow-
up time

(months)

Intervention/appli-

cationa

Participant characteris-
tics

Partici-

pants a, n

Male/to-

tala (%)

Age

(years), mean
(SD)/mean
(IQR)/mean

(range)a

Jadad scoreCountryReference

6Telemonitoring
through web or

52 vs 3340.4 vs
51.5

40.84 (14.51)

vs

45.21(17.15)

1+1+0+1=3Nether-
lands

Linn et
al,

2018 [48]

• Patient satis-
faction

• Individuals diag-

nosed with IBDb

SMS text messag-
ing vs usual care

• Self-effica-
cy

• Individuals receiv-
ing immunosup-

• Medication
adherence

pressant or biolog-
ical therapy for the

scorefirst time

12Teleconsulting
through tele-
phone

vs usual care

44 vs 4268 vs 5713.9

(12.1,15.9)

vs

13.8

(11.2,15.3)

2+2+0+1=5United
King-
dom

Ako

Beng et
al, 2015
[52]

• IBD-specif-

ic QoLc
• Young people

(aged 8-16 years)
with IBD • Patient satis-

faction

12Telemonitoring
and tele-educa-

75 vs 72
vs 75

38.5 vs
47.4 vs

36.9

39.7 (13)

vs 37.7 (11.6)

vs

40.2 (11)

2+2+0+1=5United
States

Bil

Grami et

al, 2019d

[42]

• Self-effica-
cy

• Adults with IBD
who experienced
an IBD flare with-
in 2 years prior to
the trial

tion through mo-
bile phone with
SMS text messag-
ing vs standard
care

• Individuals at least
18 years of age

24Telemonitoring
through web-

27 vs 2637 vs 4615.1 (1.82)

vs 14.7 (2.11)

1+2+1+1=5Den-
mark

Carlsen,
2017 [51]

• Number of
clinic visits
per patient

• Children and ado-
lescents, 10-17
years old, diag- based applica-

tions, SMS textnosed as having
messaging, and
phone call

vs standard care

IBD

12Telemonitoring
through home
unit-server

PC provider

vs standard care

25 vs 2240 vs 3241.7 (13.9)

vs

40.3 (14.4)

2+2+0+1=5United
States

Cross et
al,

2012 [39]

• IBD-specif-
ic QoL

• Adults with ulcera-
tive colitis

• Disease ac-
tivity

• Medication
adherence
rate

12Telemonitoring
and tele-educa-

115 vs
116 vs
117

41.7

vs 43.1

vs 45.3

40.1 (13.2)

vs

36.4 (11.5)

vs

40.1 (11.7)

2+2+0+1=5United
States

Cross,

2018d

[40]

• IBD-specif-
ic QoL

• Adults ≥18 years
of age diagnosed
as having IBD
who experienced
at least one IBD
flare in the 2 years
prior to the base-

tion through mo-
bile phone with
SMS text messag-
ing

vs standard care

• Disease ac-
tivity

• Remission
rate

line visit

12Telemonitoring
through web-

465 vs
444

42 vs 4144.0 (±14.1)

vs

44.1 (14.2)

2+2+0+1=5Nether-
lands

De Jong,
2017[47]

• IBD-specif-
ic QoL

• Outpatients aged
18-75 years with
IBD and without
an ileoanal or ileo-

based applica-
tions on a tablet
or

smartphone

vs standard care

• Number of
outpatient
visits per pa-
tient

rectal pouch anas-
tomosis

• Medication
adherence
rate

• Self-effica-
cy

J Med Internet Res 2022 | vol. 24 | iss. 3 |e28978 | p.211https://www.jmir.org/2022/3/e28978
(page number not for citation purposes)

Pang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


OutcomesFollow-
up time

(months)

Intervention/appli-

cationa

Participant characteris-
tics

Partici-

pants a, n

Male/to-

tala (%)

Age

(years), mean
(SD)/mean
(IQR)/mean

(range)a

Jadad scoreCountryReference

• IBD-specif-
ic QoL

• Remission
rate

• Disease ac-
tivity

• Generic
QoL

• Medication
adherence
score and
rate

• Patient satis-
faction

6Telemonitoring
through a web-
based system
with smartphone
apps or a tablet or
through the tele-
phone

vs standard care

• Adults ≥18 years
of age diagnosed
as having IBD for
at least 6 months

• Patients who had
complex IBD
when immunosup-
pressants or biolog-
ic agents were ini-
tiated

21 vs 21
vs 21

42.9

vs 57.1

vs 57.1

41.32(19-66)

vs

40.91(24-60)
vs

39.31(22-61)

2+2+0+1=5SpainDel Hoyo
et al,
2018

and 2019
[18,53]

• Medication
adherence
rate

• Remission
rate

• Number of
clinic visits

12Tele-education
through web-
based applica-
tions vs usual
care

• Patients aged 18-
69 years who met
the international
diagnostic criteria
for mild to moder-
ate ulcerative coli-
tis and were treat-
ed with 5-aminos-
alicylic acid

Denmark:

105 vs
106

Ireland:

51 vs 41

Den-
mark:

49.5 vs
31.1

Ireland:

60.8 vs
41.5

Denmark:

40 (21-69)

vs

44 (21-69)

Ireland:

41 (18-66)

vs

46 (19-65)

2+2+2+1=7Den-
mark

and Ire-
land

Elkjaer et
al,

2010 [12]

• IBD-specif-
ic QoL

• Remission
rate

13Telemonitoring
through web-
based applica-
tions, email, and
phone calls

vs usual care

• Patients aged 10-
19 years with IBD
in clinical remis-
sion at baseline

• Patients diagnosed
as having IBD
more than 6
months before en-
rolment

84 vs 8664 vs 4515 (12-16)

vs

15 (13-17)

2+2+0+1=5Nether-
lands

Heida et
al,

2017 [46]

• IBD-specif-
ic QoL

• Disease ac-
tivity

• Depression

1.5Tele-education
through cognitive
behavioral thera-
py delivered on-
line

vs usual care

• Patients at least 18
years old who
self-reported a
previous diagnosis
of IBD, according
to a medical pro-
fessional’s feed-
back for IBD pa-
tients

• Patients with sec-
ondary irritable
bowel syndrome
or with a known
psychological risk
factor for poor
health-related QoL
in chronic gastroin-
testinal tract disor-
ders

32 vs 3120.6

(total
partici-
pants)

36 (10)

(total partici-
pants)

0+0+0+1=1United
States

Hunt et
al,

2017 [44]

• Patient satis-
faction

9Teleconsulting
through real-time
image

vs standard care

• Patients with IBD
who underwent 57
encounters in 9
months

15 vs 1987 vs 6862.8 (11.5)

vs

58.5 (9.6)

1+2+1+1=5United
States

Krier et
al,

2011 [45]

1250 vs 5052 vs 462+2+0+1=5
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OutcomesFollow-
up time

(months)

Intervention/appli-

cationa

Participant characteris-
tics

Partici-

pants a, n

Male/to-

tala (%)

Age

(years), mean
(SD)/mean
(IQR)/mean

(range)a

Jadad scoreCountryReference

New
Zealand

McCom-
bie et al,
2020 [49]

• IBD-specif-
ic QoL

Telemonitoring
through smart-
phone apps vs
standard care

• Patients who were
16 years or older
with confirmed
IBD and who had
at least 2 outpa-
tient appointments
and <3 disease
flares in the past
12 months

35.2 (12.4)

vs

34.3 (12.9)

• IBD-specif-
ic QoL

• Generic
QoL

• Depression

6Tele-education
through computer-
ized cognitive be-
havioral therapy
vs usual care

• All adults with
IBD aged 18 to 65
years

113 vs 8633.6

vs 38.4

38.3 (12.8)

vs

39.6 (11.8)

2+0+0+1=3New
Zealand

McCom-
bie et al,
2016 [50]

• Medication
adherence
rate

• Disease ac-
tivity

• Number of
clinic visits
per patient

12Telemonitoring
through SMS text
messaging vs
standard care

• Children with IBD
who were 8 years
and older

21 vs 30——1+1+1+0=3United
States

Miloh et
al,

2017 [43]

• IBD-specif-
ic QoL

• Remission
rate

2Tele-education
through web-
based applica-
tions on the com-
puter or phone

vs standard care

• Adults aged 18
years or over who
were diagnosed as
having IBD for 6
months

30 vs 3056.7

vs 60

37.26(12.99)

vs

41.63(11.85)

2+2+2+1=7TurkeyOzgur

Soy et al,
2019 [13]

• Depressive
symptoms

• Generic
QoL

12Telemonitoring
and tele-educa-
tion through a
mobile phone
with SMS text
messaging vs
standard care

• Adults who were
≥18 years of age,
were diagnosed as
having IBD, and
experienced at
least one IBD flare
in the 2 years prior
to the baseline vis-
it (an increase in
IBD symptoms
sufficient to war-
rant a change in
medication dose or
addition of a medi-
cation)

71 vs 74
vs 72

45 vs
40.5

vs 37.5

37.3 (11.6)

vs

39.3 (13.4)

vs

39.5 (12.0)

2+2+0+1=5United
States

Schliep et

al, 2020d

[41]

aThese items were recorded as experimental vs control group.
bIBD: inflammatory bowel disease.
cQoL: quality of life.
dThese studies came from the same clinical trial but reported different outcomes.
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Figure 2. Risk of bias graph.

Figure 3. Risk of bias summary.
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Primary Outcomes

IBD-Specific Quality of Life
A total of 10 clinical trials including 1632 participants were
enrolled to compare IBD-specific QoL in the telemedicine and
standard care groups. We found that IBDQ scores were higher
in the telemedicine group than in the standard care group (SMD

0.18, 95% CI 0.01 to 0.34; I2=47; P=.03; Figure 4). Subgroup
analysis stratified by follow-up time (<12 months or not) and
participants characteristics (adults or adolescents) was conducted
to examine the relatively high heterogeneity and identify the
type of patients in need of telemedicine care. There was no
significant difference in the IBDQ scores in the short-term (SMD

0.23, 95% CI −0.22 to 0.68; I2=61; P=0.31) or long-term

subgroups (SMD 0.17, 95% CI 0 to 0.34; I2=47; P=.05;
Multimedia Appendix 1). Furthermore, adolescents in the
telemedicine group had significantly higher IBDQ scores than
those in the standard care group (SMD 0.42, 95% CI 0.15 to

0.69; I2=0; P=.002), but no significant difference was found for
adults between the groups (SMD 0.11, 95% CI −0.06 to 0.28;

I2=41; P=.21; Multimedia Appendix 2).

Funnel plot showed potential publication bias in our
meta-analysis (Figure 5), contrary to the results of the Begg
(P=.86) and Egger test (P=.26). This inconformity could be
explained by the relatively small number of enrolled studies.

Figure 4. IBD-specific quality of life compared between telemedicine and standard care groups. IBD: inflammatory bowel disease
[13,39,40,44,46,47,49,50,52,53].

Figure 5. Funnel plot for potential publication bias. SMD: standard mean difference.
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Disease Activity and Remission Rate
To examine the effectiveness of telemedicine in managing
disease activity, 7 RCTs with a total of 955 patients were
included. Disease activity was not significantly different
between the telemedicine and standard care groups (SMD 0.08,

95% CI −0.09 to 0.24; I2=0; P=.38; Figure 6). Meanwhile, the
remission rate in the telemedicine group was not significantly
lower than that in the standard care group (relative risk 0.94,

95% CI, 0.83 to 1.05; I2=6; P=.26; Multimedia Appendix 3).

Figure 6. Disease activity in the telemedicine and standard care groups [39,40,44,53].

Secondary Outcomes

Number of Clinic Visits per Patient
To investigate whether telemedicine intervention could lower
the number of clinic or outpatient visits, we analyzed 6 articles
that included 1479 patients with IBD. The number of clinic
visits per patient was significantly lower in the telemedicine
group than in the standard care group (SMD −0.71, 95% CI

−1.07 to −0.36; I2=85; P<.001; Multimedia Appendix 4).

Patient Satisfaction
In 3 studies that included 183 participants, patient satisfaction
was not significantly different between the telemedicine and

standard care groups (SMD 0.21, 95% CI −0.12 to 0.54; I2=14;
P=0.21; Multimedia Appendix 5).

Psychological Outcomes (Depression, General QoL, and
Self-efficacy)
In the assessment of psychological outcomes, 7 clinical trials
with 1165 participants showed no significant difference in the
mental health of patients with IBD between the telemedicine
and standard care groups (SMD −0.31, 95% CI −0.79 to 0.17;

I2=66; P=.21 for depression score; SMD 1.37, 95% CI −0.42

to 3.15; I2=97; P=.13 for generic QoL; SMD 0.01, 95% CI −0.16

to 0.17, I2=23%; P=.95 for self-efficacy; Multimedia Appendices
6-8).

Medication Compliance
A total of 5 RCTs with 1169 patients with IBD were included
to assess medication compliance. Considering that some articles
reported the Morisky Scale score while others merely reported
the medication compliance rate, we pooled data into 2 measures
(medication compliance score and rate). Medication compliance
in the telemedicine group did not improve significantly
compared with that in the standard care group in terms of
medication compliance score and rate (SMD 0.11, 95% CI −0.09

to 0.30; I2=19; P=.27 and relative risk 1.29, 95% CI 0.77 to

2.17; I2=88; P=.33, respectively; Multimedia Appendix 9).

Discussion

There is high demand for long-term personalized care and
medication to maintain remission and reduce the risk of relapse
in patients with IBD [5,54]. Because of the convenience of use,
telemedicine intervention may play an increasingly important
role in managing IBD [27,55]. We aimed to investigate whether
patients with IBD could benefit from telemedicine technology
by performing a systematic review and meta-analysis. It was
evident that enrolled studies exhibited obvious heterogeneity
in the specific intervention used. The reason for this
heterogeneity could not be identified because of the diversity
and physical limitations of the IBD centers delivering
telemedicine and their purposes and areas of application.
However, regardless of the heterogeneity, we did find that
patients who received telemedicine intervention had higher
IBDQ scores and a significantly lower number of clinic visits
per patient than those who received standard care. Importantly,
adolescent patients with IBD benefit more from telemedicine
and had significantly higher IBDQ scores that those who
received standard care.

One possible reason is that there are more opportunities for the
youth to access this relatively new form of care via the internet
or mobile phones. Unlike in other chronic diseases (eg, chronic
obstructive pulmonary disease), the peak onset of IBD is seen
at a younger age [3,56]. This implies that telemedicine would
be more acceptable in such patients with IBD. In addition, it
seemed obvious that telemedicine could decrease the number
of in-person clinic visits compared with standard care. However,
none of the studies reported exact data or definitive conclusions
on this issue. Considerable time and cost could be saved through
the reduction of travel and waiting hours for regular office visits.

Given the robust effects of relapse or disease course on the daily
life of patients with IBD, attention should be focused on
relieving the psychological burden on these patients [57]. It is
necessary to note that telemedicine aiming to improve outcomes
in patients with IBD, such as through the incorporation of
impactful web-based cognitive behavioral therapy (a form of
tele-education), has proven to be an effective method for the
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management of mental health in patients with chronic
gastrointestinal tract diseases [25]. However, our study showed
no significant differences in psychological outcomes, such as
depression, generic QoL, and self-efficacy, between the
telemedicine and standard care groups. One potential
explanation is that standard care provided by the referral center
had built in emphasis on the importance of mental health care.

Theoretically, patients receiving telemedicine intervention have
more access to report a flare than conventional follow-up and
therefore receive more prompt consultation from health care
givers. However, no significant differences were observed for
disease activity and remission rates between these 2 groups in
our meta-analysis. The reasons for this may be as follows: most
patients were in remission at baseline, which led to a ceiling
effect; it remains uncertain whether eHealth technologies could
better influence the natural course of IBD compared with
standard care; and evaluation of disease activity was based on
the score self-reported by patients or their families without
objective measurements. Hence, it is difficult to conclusively
state the impact of telemedicine intervention on disease activity
in patients with IBD.

In terms of therapeutic compliance, medication adherence was
adequate in only around 45% of patients with IBD [58].
Nonadherence to medical therapy could cause a 5-fold increase
in the risk of relapse, and low medication compliance correlates
with lower QoL and higher cost of hospitalizations [59,60].
Thus, there is an urgent need to promote better medication
compliance in patients with IBD. Our findings did not show a
significant improvement in medication compliance in the
telemedicine group, which was inconsistent with the outcomes
reported by Rohde et al [26]. It is reasonable to speculate that
this may be related to the compliance rate at baseline, as
noncompliant patients might be more reluctant to participate in
RCTs. Consequently, the participants enrolled are more
compliant with the medication, which results in a ceiling effect.

Because of the superiority and popularity of mobile technology,
intervention restricted to mobile phones is considered to be
promising for the management of chronic diseases [61,62]. Our
meta-analysis not only investigated the effectiveness of
telemedicine in IBD, but also focused on the specific type of
telemedicine, including mobile technology. All enrolled studies
in our meta-analysis incorporated mobile devices into the
telemedicine intervention, except 2 in which the intervention
was confined to a computerized web-based system [45,50].
Therefore, we anticipate that our findings of the use of
telemedicine for the management of IBD could also be applied
to mobile technology.

Despite the strengths of this meta-analysis, there are certain
limitations. First, there was an unavoidable high attrition rate
in some studies that used the per protocol analysis. Second,
some RCTs did not use the blinded-method design because of
intervention characteristic limitations, which led to performance
and detection biases. Third, the number of enrolled studies in
the meta-analysis was relatively modest, which led to the
contradictory results ascribed to potential publication bias.
Finally, the specific population that would most benefit from
telemedicine could not be identified because of a lack of
complete reported data in the included studies.

In conclusion, constrained by the current limited material to
provide telemedicine for IBD patients, the heterogeneity of
specific telemedicine intervention was obviously evident.
However, in accordance with the idea of providing health care
from a distance, telemedicine should not be regarded as a
uniform therapeutic method as is done for drug treatments but
as a mode of health care delivery and even as an important
adjuvant to routine clinical practice. Meanwhile, telemedicine
intervention did show a promising role in improving IBDQ
scores among adolescents and decreased the number of clinic
visits by patients with IBD. Further research is needed to identify
the patients with IBD who would most benefit from
telemedicine.
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Abstract

Background: Value cocreation in health care (VCCH), mainly based on service-dominant logic, emphasizes that participants,
including both patients and physicians, can effectively enroll in the health care value creation process. Effective VCCH is of great
significance for realizing value-based health care and improving doctor-patient relationships. Therefore, a comprehensive
understanding of VCCH is critical. However, the current literature on VCCH is fragmented and not well studied.

Objective: The goal of the research is to investigate the antecedents, consequences, and dimensions of VCCH by systematically
searching, selecting, summarizing, and evaluating relevant literature.

Methods: English-language articles on VCCH in the Web of Science, PubMed, and Scopus databases published from January
2008 to December 2019 were identified. The articles were screened using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses protocol, and the quality of studies included were appraised using the Mixed Methods Appraisal Tool.

Results: Out of the 181 publications initially identified through the bibliographic searches, 28 publications met the inclusion
criteria. This review summarizes antecedents, consequences, and dimensions of VCCH, as well as possible associations among
them. An integrative framework is also proposed for mapping the literature of VCCH grounded on social cognitive theory to
reveal the whole process of VCCH.

Conclusions: The findings of this systematic review provide implications for continued development of VCCH and contribute
to inspire more research in the future.

(J Med Internet Res 2022;24(3):e33061)   doi:10.2196/33061

KEYWORDS

value cocreation; health care; patient value; health care professional value; systematic review

Introduction

Value cocreation, which has received much academic attention
in the 21st century, describes cooperation among multiple
stakeholders [1,2]. As the main theoretical foundation of value
cocreation, service-dominant logic (SDL) suggests that the
service provider should not be the only value creator, and service
receivers could also cocreate the service value with service
provider [3-5]. Since service could be a process of interaction

between an organization and its customers, value of service
based on resources used and integrated in the service process
is created by the participants together [3]. Therefore, SDL
focuses on value from use rather than value from exchange,
which shifts the research focus from goods to services. In recent
years, value cocreation is applied in the health care area to
understand the patient value creation process.

In health care, value cocreation should be emphasized. Value
cocreation in health care (VCCH) refers to the integration of
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resources through activities and interactions with collaborators
to realize the benefit of patients in the health care service
delivery network [6]. Therefore, patients and health care
providers integrate knowledge, skills, equipment, medicine,
facilities, and financial resources to obtain their mutual benefits
[7,8]. This definition emphasizes the active participation of
patients, who are no longer passive recipients of services but
active cocreators. VCCH involves a range of activities around
patients or collaboration with service network members,
including family members, friends, other patients, health care
professionals, and external communities [6]. When patients
cocreate health care value with physicians, they participate in
the whole processes of treatment. They could offer opinions to
improve their compliance [9], eventually improving their health
status and service experience [10]. Meanwhile, cocreation
between patients and health professionals could also reduce
medical costs [11], improve the efficiency of the use of existing
medical resources [12,13], and integrate medical resources from
different sources to create values with health care professionals
[2].

Much of the literature on value cocreation is found in the
business field, focusing on the firm and consumer values, yet
patient value has attracted attention in the health care field with
the changing physician-patient relationship. Patients are
increasingly taking an active role in the health care
decision-making process [14] and creating value with other
participants in the health care delivery process [15]. The relevant
notion of value-based health care emphasizes the importance
of listening to the patient’s voice and advocates providing high
value to patients by taking into account their outcomes, needs,
and costs when treating their illnesses [16]. However,
value-based health care research touches less on the value
creation process. Therefore, it is essential to discuss health care
value from a value cocreation perspective.

However, for VCCH, the factors are not explored systematically,
underlying mechanisms of its factors are vague, and
consequences are not fully investigated. To enrich the research
related to VCCH and seek solutions to these known issues, we
conducted a systematic review to search, select, and evaluate
relevant literature, summarize the theories and methods used
in existing studies, and explore the antecedents and
consequences of VCCH and the dimensions of value cocreation
in previous studies to lay a foundation for future studies.

In this study, the existing relevant literature on VCCH was
screened following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework (Multimedia
Appendix 1). First, we discuss the development of value
cocreation concepts. Second, we describe the process of
literature inclusion and selection. Third, we described the
available studies, year of publication of the VCCH papers, and
the methodological and theoretical underpinnings of the VCCH
research. We then summarize the antecedents and consequences

of VCCH and value cocreation dimensions from different
settings and actors and propose an integrative framework for
understanding value cocreation behavior. Finally, we discuss
implications, opportunities for future research, and limitations.

Methods

For this study, we used Web of Science as the primary database
and PubMed and Scopus as supplementary databases for
literature retrieval conducted on May 25, 2020. Keywords,
relevant synonyms, and associated truncations used in the search
revolved around two concepts—health care area and value
cocreation. The search strategy using topic and Boolean/phrase
search modes was used to retrieve papers published from 2008
to 2019 and comprised 3 search strings:

1. patient* OR health OR medical OR “health care” OR
“healthcare” OR “online health community*” OR eHealth
OR E-health OR mHealth OR m-health OR “mobile health”

2. “value co-creat*” OR “value cocreat*” OR
“value-co-creat*” OR “co-creat* of value” OR “co-creat*
value”

3. 1 and 2

PRISMA framework was used to record the review process.
Initial search results yielded 181 papers across the databases.
After duplicates and other types of papers (eg, meeting papers,
book chapters) were removed, 134 relevant works were
screened. Title and abstract screenings were undertaken
independently by two trained research assistants, with
disagreements about inclusion resolved through discussion with
the research coordinator until an agreement was reached. Papers
with titles and abstracts not meeting the selection criteria were
removed. Inclusion criteria were empirical studies on value
cocreation activities between patients and other participants,
including doctors, nurses, and other patients, and studies on the
value creation process. Exclusion criteria were non-English
language papers; meeting papers, books, editorials, news,
reports, and patents; unrelated or incomplete papers; and studies
not occurring around patients or in the health care domain. A
manual search was conducted of each paper’s reference list to
identify relevant papers not recognized in database searches.
Finally, 43 papers remained for full-text review.

The selection criteria were applied to the 43 papers reviewed
in full in this paper, and the final number of papers included in
this review was 28. A flowchart summarizing the search,
screening, and study selection process is shown in Figure 1. We
used the Mixed Methods Appraisal Tool (MMAT) developed
by Pace et al [17] for appraisal of the quality of qualitative,
quantitative, and mixed methods research studies included. The
results showed that the quality satisfies the requirements of a
systematic review; details can be found in Multimedia Appendix
2.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the screening process.

Results

According to our systematic literature review, we received
results in 5 main areas: (1) publication years and journals of
existing studies, (2) methods used in existing studies, (3) theories
applied in existing studies, (4) dimensions of VCCH in existing
studies, and (5) antecedents and consequences of VCCH in
existing studies.

Publication Years and Journals
As shown in Figure 2, since 2010, there has been a clear upward
trend in the research on VCCH. This trend indicates that the
application of value cocreation in the medical field is gradually
gaining academic attention and is an emerging research area.
Following this trend, we expect that more and more studies
about VCCH will appear in the coming years.

Toward the publication journals, we found the 28 papers
appeared in 17 journals (Multimedia Appendix 3), with 6
journals publishing more than 2 papers on VCCH, indicating
that these journals are more interested in this topic. The most
publications are in the Journal of Service Management, with 4
studies related to VCCH. The Journal of Service Theory and
Practice, Service Business, and Sustainability has published 3
related studies. As can be seen from this distribution, most
current research on VCCH was published in journals in the
service management field. Meanwhile, some journals in the
public health field have published papers on VCCH, including
the International Journal of Environmental Research and Public
Health and the International Journal of Pharmaceutical and
Healthcare Marketing.

Figure 2. Publication timeline of literature.
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Research Methods
As shown in Figure 3, survey is the research method most used
(20/28, 71%). Several studies used survey along with other
methods, including interview (depth interview and
semistructured depth interview), diary study, and electronic
patient record. We found that survey method combined more

with interview method (4 times) than any other methods. This
suggests that the interview method allows for a more detailed
understanding of participant attitudes and motivations, which
facilitates accurate quantitative study. In addition, content
analysis, observation, and netnography, an adaptation of
ethnography for the contingencies of online community and
culture, were used separately in some studies.

Figure 3. Research methods in the literature.

Theories
In the studies included, theories are used in two issues: driving
factors of value cocreation behavior/activities and effects of
value cocreation behavior/activities (Multimedia Appendix 4).

On driving factors of value cocreation behavior/activities,
patient-related, platform-related, and hospital-related factors
are proposed to impact value cocreation. For the driving of
patient-related factors, several theories including SDL, consumer
culture theory, broaden-and-build theory of positive emotions,
social identity theory, self-determination theory, social cognitive
theory, practice theory, and construal level theory are applied.
For the driving of platform factors, theories like organizational
support theory and self-awareness theory are leveraged. For the
driving of hospital-related factors, customer training and
education perspective are used to understand the effects.

Regarding the effects of value cocreation behavior/activities,
self-regulation theory is used to explain the effects of value
cocreation on several health outcomes such as well-being, health
condition, and health care values.

Dimensions of Value Cocreation in Health Care
In settings where VCCH occurs, different participants are
involved in value cocreation with different value creation
behaviors. To better understand the dimensions of VCCH, we
categorized the literature of VCCH based on the places where
VCCH happens and whether VCCH involves the internet. On
the places where VCCH happens, since hospitals are the
significant medical institutions, we classify VCCH into 2 types
based on a typology of VCCH activities: inside-hospital and
outside-hospital [18]. With the application of health internet
technology, value creators including patients, physicians, and
others create values easily and behave differently in offline and

online settings [2,19,20]. Therefore, combining the above 2
categories, 4 dimensions of VCCH are proposed according to
whether VCCH happens inside or outside the hospital and offline
or online. The dimensions are summarized in Multimedia
Appendix 5.

Inside-Hospital Offline Value Cocreation in Health
Care
In this dimension, value is cocreated by participants within the
hospital and does not involve any health information technology.
The main participants include patients, doctors, nurses, and
other hospital staff. Several behaviors are discussed in this
dimension, including value cocreation behavior, patient
participation behavior, patient responsible behavior, and
customer effective behavior.

For value cocreation behavior, Yi and Gong [21] identified 2
types: participation behavior and citizenship behavior, while
Olsson [22] used complaints and feedback to measure value
cocreation behaviors. Regarding patient participation behavior,
it is reflected as information sharing [23-26], information
seeking [23,26], coproducing, cooperating [6], maintaining
interpersonal interaction [6,24,26,27], and enjoying spending
time with other patients at the hospital [24], etc. Patient
responsible behavior includes following the doctor’s instructions
to take prescribed medication and complying with the doctor’s
diagnosis-related recommendations [23,25]. Customer effective
behavior includes patients’ scientific use of health-related
instruments and tracking of disease-related indicators according
to the guidance of medical professionals [28].
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Inside-Hospital Online Value Cocreation in Health
Care
With the application of information technology in health care,
health information systems (HIS) including electronic health
records are widely used in hospitals to create patient value by
health care participants. HIS enables patients to increase their
knowledge and connect with their physicians, while HIS makes
it easy for health professionals to access information and
facilitate communication with patients [29]. Therefore, HIS
helps build a network of interdependent health care participants
to cocreate their value by facilitating interactions between
participants [30].

According to Beirão et al [11], with the support of HIS, VCCH
could be divided into 3 levels from the ecosystem perspective:
macro, meso, and micro. At the macro level, the main
participants are governmental departments, ministries of health,
and other organizations that shape national health policies. At
this level, the context is the ecosystem within which VCCH
happens constantly. At the meso level, the main parties are
hospitals, primary care units, and health organizations. At this
level, parties serve one another directly and indirectly to cocreate
patient value. At the micro level, the main actors are health
professionals, patients, and their families. At this level, VCCH
generally occurs between actors’ dyads.

Outside-Hospital Offline Value Cocreation in Health
Care
In this dimension, VCCH happens outside the hospital and does
not involve information technologies such as the internet. The
main participants in this dimension are patients, families, and
their friends. Based on the literature review, VCCH is reflected
as patient participation behavior, health-related complementary
behavior, and patient self-administration in this dimension.

Patient participation behavior could be indicated as sharing
worries and anxieties with others, maintaining good relationships
with family and friends [24], and seeking and sharing health
information with others [6,31]. Health-related complementary
behavior includes monitoring and maintaining a healthy diet,
exercising, changing the ways of doing things and interacting
with others, and dancing and spending time with children to
reduce anxiety [31]. Similar concepts like health behavior
changes and complementary therapies [6] have been proposed
in previous literature. Health behavior changes contain physical
and dietary health behavior changes, while complementary
therapies refer to improving one’s health status by taking
complementary medicines, exercise, yoga, meditation, and other
activities [6]. To assess whether innovative therapeutic solutions
create value for patients and health systems, Spano et al [32]
used patients’ self-administration to represent VCCH. Their
self-administration is to administer a patient’s therapy, such as
subcutaneous injection, at home.

Outside-Hospital Online Value Cocreation in Health
Care
In this dimension, information technology has been applied
outside hospital for health purposes. Many digital apps such as
digital health platforms have become popular for patients to
seek and use health information. Digital health platforms help

patients connect with others, share information and experiences,
and receive support for good health outcomes.

According to Presti et al [33], value cocreation online can be
represented as customer engagement, which includes affection,
activation, and cognitive dimensions. The affection dimension
is the extent to which the patient influences the platform or
health care services during the platform interaction; the
activation dimension is defined as time, energy, and the energy
spent by the patient during the interaction; and the cognitive
dimension refers to the cognitive processing activated by the
patient during the platform interaction.

From the perspective of the service provider and receiver, 3
types of engagement practices are proposed: information,
advising, and empathy practices [34]. In addition, digital
information search [35], collation of health information [6,31],
and knowledge contribution [36] to other members of the online
platform also are part of patient engagement.

Beside customer engagement, connecting with others could also
convey VCCH in this dimension [6]. To be specific, patient
connection with others could be shown as their experience using
online platform [37] and maintaining ongoing relationships
among online community members [36].

Antecedents of Value Cocreation in Health Care
To review the antecedents of VCCH, we categorize the previous
literature according to 2 dimensions: actors and settings. For
actors, as mentioned in the previous section, several actors,
including patients, health care professionals, families, and
friends, are involved in value cocreation. However, previous
literature studies the antecedents mainly from the perspectives
of 2 actors: patient and health care professional. For settings,
the widespread use of information technologies, especially
internet technology in health care, plays an important role in
the cocreation of patient value. Therefore, we could classify the
antecedents into 4 types: patient offline perspective, patient
online perspective, health care professional offline perspective,
and health care professional online perspective. The antecedents
are all summarized in Multimedia Appendix 6.

Patient Offline Perspective
In this perspective, factors that influence VCCH are studied
from the patient perspective in the offline setting. We divide
the factors into 2 types according to their attributes: intrinsic
factors and extrinsic factors. Intrinsic factors are mainly about
patients themselves. For example, positive intrinsic motivation
[28,38] and positive emotions [9] are found to facilitate patient
participation. Patient empowerment is shown to promote value
cocreation behaviors. Patients’ trust in physicians [26,39],
provider-patient orientation [40], and patient pre-encounter actor
value needs [39] affect the cocreation of patient value, which
in turn affects the service experience and satisfaction. Finally,
personality traits (including agreeableness and extraversion),
personal values [10], and gender [22] of patients also have
effects on value cocreation behaviors.

Extrinsic factors are factors outside patients. For example, the
interaction between patients and physicians, other patients, and
their families or friends positively affects value cocreation
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behaviors [23,24,31]. Physician performance is found to
influence patient information seeking, information sharing, and
responsible behavior. Patient perceived transparency is shown
to effectively reduce information asymmetry between doctors
and patients and influences patients’ perceived value and
satisfaction [41]. Finally, negative factors including lack of
empathy, support, and courtesy from physicians and stereotyping
of health professionals can lead to patient dissatisfaction and
even complaint behaviors [22,40].

Patient Online Perspective
In this perspective, factors are studied about patients in online
settings such as blogs, patient forums, online health
communities, and internet hospitals. To be specific, social
support, which includes information support, emotional support,
and instrumental support, is found to facilitate users’ social,
functional, and affective values through interaction or cocreation
activities among users in online health communities [37,42].
Social identity, which is predicted by integrity trust, benevolence
trust, shared vision, and shared language, is found to drive
patients’ value cocreation activities such as knowledge
contribution and continuous willingness to participate [36].
Finally, different types of information processing have also
been shown to affect the generation of different kinds of value
in online health communities [43]. Meanwhile, users’
community experiences and social exclusion have often been
used as moderating variables.

Health Care Professional Offline Perspective
From this perspective, factors are studied for health care
professionals in offline settings. The main health care
professionals involved are doctors and nurses. For doctors,
factors determining health care professional behaviors and
contributing to value creation include information being
provided, patient engagement, trust, physical environment, and
collaboration [26]. In addition, a patient’s trust in the physician
facilitates the physician’s management of the patient’s condition
which facilitates VCCH. For nurses, patient participation, length
of stay, and first inpatient stay are found to influence nurses’
value creation behaviors such as work engagement, job
satisfaction, and helping behaviors [44].

Health Care Professional Online Perspective
In this perspective, factors are studied for health care
professionals in online settings. Health information technologies
in the health care systems in the world are implemented to
address health care challenges, including aging populations
living with long-term conditions, persistent variations in the
quality of care, and health care cost rising. Health care
professionals use of health information technologies in their
work can be compulsory or voluntary. The use of health
information technologies like electronic health records has
becoming a key factor that promotes VCCH by supporting and
facilitating multiple interactions among participants at different
levels, enabling resource access, sharing, reorganization, and
even resource monitoring and institutional generation [11].
Whether a physician is successful in obtaining electronic health
information about a patient and the degree of mastery,
portability, and credibility of advanced technology will affect

the physician’s grasp of patient disease and thus the value
cocreation [45].

Consequences of Value Cocreation in Health Care
In VCCH, patients and health care professionals are the main
participants, and the cocreated value or other consequences
would be mainly distributed between them. Therefore, we could
divide the consequences of VCCH into 2 types: patient value
and health care professional value. The consequences are
summarized in Multimedia Appendix 7.

Patient Value
Patient value is the valuable consequence of value cocreation
for patients. Previous literature has discussed many
consequences related to health outcomes, service, or overall
value. On the health outcomes related consequences, health
conditions [26,28,35] and well-being [31,35,40,46] are discussed
and found to be helpful in determining the effectiveness of
clinical interventions and quality. These consequences can be
reflected in patients feeling more energetic, feeling better, and
having blood pressure return to normal levels, etc. Moreover,
patient compliance, which could predict health outcomes, is
also in focus [27]. Finally, health expenditures could reflect
patient value according to previous literature.

For service-related consequences, service experience is
emphasized as the final goal of value creation [11]. Meanwhile,
perceived service quality [9,24,41] and patient satisfaction
[24,39-41,47,48], positive word-of-mouth, customer loyalty
[10,24], and service engagement [26,27] are also considered as
important service-related consequences of VCCH.

Finally, some studies investigate patient value directly. For
example, cure and care values are shown to be created by
patients through posting and communications with others in
online health communities [43]. Perceived value, which includes
perceived benefits and perceived cost, could be the result of a
patient experience situation in the service contact [37] or patient
participation in services [38,49]. Perceived value is also divided
into process value and outcome value [23].

Health Care Professional Value
The main health professionals studied are doctors and nurses.
For the value of doctors, effectiveness and efficiency of their
work can be achieved by effective value cocreation activities
[11]. Work effectiveness includes higher diagnostic accuracy,
prescription accuracy and safety, prescription compliance, and
higher patient orientation while work efficiency means fewer
repetitive tests, shorter consultation times, faster work
procedures, and avoidance of lost documents. For nurses, the
value they created could be predicted by patients’ experience
of their hospital admission and length of stay, reflected by job
satisfaction and technical skills among the nurses [44].

Integrative Framework for Value Cocreation in Health
Care
To provide a holistic view of VCCH, we propose an integrative
framework by summarizing all of the reviews based on social
cognitive theory (Figure 4). The proposed integrative framework
could have sufficient impact on journal publication in several
ways.
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First, the factors and their relationships related to VCCH are
systematically mapped and visualized in the framework. In the
integrative framework of VCCH, the relationships among
antecedents, consequences, and dimensions of VCCH are
revealed. This framework could then be used to explain, predict,
and evaluate VCCH systematically and comprehensively.
Meanwhile, the framework of VCCH also makes the formation
process of values for patients and health care professionals
through their cocreation transparent. Therefore, this framework
helps open the black box of VCCH.

Second, the framework provides a novel theoretical perspective
for VCCH. In previous literature, SDL serves as the dominant
theoretical perspective for VCCH. However, this framework is
proposed based on social cognitive theory, which could bring

a novel theoretical perspective for VCCH. Social cognitive
theory proposes that people’s behaviors results from learning
in social context, while environmental and personal factors
would determine the whole learning process. Therefore, VCCH
behaviors could be treated as learned behaviors and would be
determined by environmental and personal factors.

Finally, the framework implies many future research directions.
Based on the research gaps and relationships conveyed by the
framework, many future research directions exist, such as
alternative research methods and applications in different
contexts. VCCH in online settings or mixed settings should be
further investigated, and other types of values creation should
be considered.

Figure 4. Framework of value cocreation in health care based on social cognitive theory.

Discussion

Principal Findings
The purpose of this study was to conduct a systematic review
of the literature on VCCH. In this review, we focused on
empirical studies about VCCH. After a comprehensive search
of the databases, 28 journal articles were identified by rigorous
application of inclusion and exclusion criteria.

We present our review results from 6 aspects: publication years
and journals, research methods, theories, dimensions of VCCH,
antecedents of VCCH, and consequences of VCCH. To be
specific, we depict the research methods and theories used in
VCCH literature. Meanwhile, we categorize the VCCH, its
antecedents, and consequences into several dimensions
according to 2 main criteria: actors and settings. Actors are
mainly patients and health care professionals, while settings
include hospitals and the internet. Finally, to summarize our

literature review systematically and provide theoretical insights,
we propose an integrative framework to map the literature
grounded on social cognitive theory.

Implications
We believe that the findings of this study could convey several
implications for both theories and practice. For theoretical
implications, this study provides a comprehensive and
systematic literature review of VCCH. With the application of
SDL in health care, studies about value cocreation are emerging.
However, none of the previous literature has provided a
systematic summary to reflect the trends, gaps, and directions
of VCCH research from different perspectives. Thus, we
conducted a systematic review of literature on VCCH. Based
on our review, we presented the trends of publication, research
methods, and theories of VCCH. Meanwhile, the gaps and
research directions of VCCH could be analyzed and speculated
about according to our proposed dimensions, antecedents, and
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consequences of VCCH. We not only summarize previous
literature but also propose an integrative framework of VCCH
to map previous literature and guide future research. We
integrate the dimensions, antecedents, and consequences of
VCCH into the integrative framework to reveal the relationships
among the 3 aspects of VCCH from a social cognitive theory
perspective.

For practical implications, our systematic review confirms the
effectiveness of VCCH. Our study provides a higher quality of
evidence compared with single studies about VCCH. Policy
makers and health care practitioners can encourage patients and
health care professionals to create values together. The
uncovered dimensions of VCCH could be the objectives of
value cocreation activities. Our summarized dimensions provide
a systematic map of VCCH to guide value cocreation practices
and improve the feasibility of policies about VCCH. Finally,
the antecedents could be the predictors of VCCH. Thus, policy
makers and health care practitioners could take action according
to antecedents to promote VCCH.

Future Research Opportunities
Our systematic literature review enables us to highlight some
opportunities for future research. First, other research methods
could be used to conduct more rigorous studies of VCCH.
Different methods have advantages and disadvantages in
investigating VCCH. Although questionnaires and surveys have
dominated previous literature, other methods including
randomized controlled trial (RCT) or experiment, case study,
or secondary data analysis may have more advantages [50]. For
example, compared with surveys, experiments and RCTs have
advantages in internal validity that provide strong evidence of
causality by minimizing various possible biases, balancing out
confounding factors, and improving the validity of statistical
tests. Meanwhile, a case study could provide comprehensive
and rich information of research objects and inspire unique
insights. Finally, secondary data analysis allows investigation
of the dynamics of research objects. Therefore, other research
methods could be used to better understand VCCH. Because of
the complexity of related questions, methods could be used
simultaneously rather than by themselves [51].

Second, contextualized and special developed theories are
needed for VCCH. Theories could help solve research questions
by providing support for analysis, explaining and predicting the
research questions [52]. Contextualized and special developed
theories could better solve questions related to VCCH compared
with theories borrowed from other contexts or domains since
contextualized or special developed theories could better reflect
the context and regulation of VCCH [53]. The reflection of
context of VCCH could capture the person-situation interaction,
linkage between personal activities and value creation, and
variation among different constructs and convey the application
feasibility of study of VCCH [54]. In VCCH, although SDL is
found to be the main theoretical foundation in previous
literature, contextualization of SDL or building special theories
promotes the understanding of VCCH.

Third, VCCH in online settings or mixed settings should be
further investigated. With the application of emerging
information technologies in health care including artificial

intelligence, big data, and cloud computing, creation of patient
value has been changed [55]. Many health care activities happen
not only in offline settings but also in online settings or other
settings like telemedicine, eHealth, or mobile health in recent
years. For example, patients and physicians interact with each
other in online health communities to create value by solving
the health concerns of patients and rewarding physicians with
money or reputation [56]. Meanwhile, electronic health records
facilitate the cocreation of value by allowing patients to record
their health information and physicians to know patients’
information comprehensively. Finally, telemedicine help create
value by letting patients and physicians contact each other
remotely. Characteristics of different settings would bring
different opportunities and challenges to health care and change
value cocreation. Therefore, it will be necessary to investigate
VCCH in online or mixed settings.

Fourth, more types of values should be considered. Based on
our review, values for patients, doctors, and nurses are explored
in previous literature. However, more actors have been
participating in value cocreation, like friends, families, peers,
and allied health professionals, and what they value should be
different from patients and doctors; few studies in the previous
literature concern their values in the cocreation process. In
addition, activities and interactions between doctors and patients
could translate into value of the health care organization or even
the whole health care system. Values and value cocreation for
health professionals and patients in primary, secondary, and
tertiary levels of care could be different and are worthy of
investigation in the future. Therefore, no matter the value of the
patient, health care professional, or individual, value at the
organizational or health care system level should also be
regarded to better reflect the effectiveness of VCCH.

Finally, since we map previous literature onto social cognitive
theory, many related factors could be considered in future study.
According to social cognitive theory, factors could be divided
into 5 categories: outcome expectancies, social learning,
self-efficacy, self-regulation, moral engagement, and other
environmental factors [57]. All factors are important antecedents
of people’s value cocreation behaviors. All the factors are
important antecedents of people’s value cocreation behaviors.
Outcome expectancy is defined as an expectation that an
outcome will follow a given behavior [58], while social learning
is learning from the knowledge and experience of others we
know and trust [59]. Self-efficacy is defined as beliefs about
one’s ability to perform a specific behavior [60], while
self-regulation refers to self-generated thoughts, affects, and
behaviors that are systematically oriented toward attainment of
one’s goals [61]. On environmental factors, they could contain
social networks, moral engagement, and culture, etc. Therefore,
we would check previously studied factors and see whether any
factors from these 5 categories are unexplored and feasible to
be studied.

Limitations
There are limitations of this systematic review. Our results are
based on journal articles that fit our inclusion criteria and do
not include other types of literature (eg, conference
proceedings), which may miss some recent research. Thus, the
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search scope of the literature could be further expanded. Another
limitation is that this study primarily screened for studies strictly
related to VCCH. Other types of studies like conceptual research
or papers that focus on other actors than patients in VCCH may
also provide some insights.

Conclusion
This study presents findings and implications of a systematic
review of 28 journal articles for value cocreation in health care.

Our review findings are presented as publication years and
journals, research methods, theories, dimensions of VCCH,
antecedents of VCCH, and consequences of VCCH. Based on
review findings, we proposed an integrative framework based
on social cognitive theory to systematically map the literature
and reveal the whole value cocreation process in health care.
We believe that our literature review and theoretical framework
could contribute to the deep understanding of VCCH and inspire
more research in the future.
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Abstract

Background: Cancer is likely to remain the most prevalent noncommunicable disease in high-income countries with an older
population. Interestingly, no review of attitudes toward telemedicine among older adults has been performed. This is likely to be
the group most affected by both cancer and the increasing use of technology in health care.

Objective: We aimed to map research on the acceptance of telemedicine among older adults who are cancer patients.

Methods: We conducted a scoping review. PubMed, EMBASE, PsycINFO, CINAHL, and the Cochrane Central Register of
Controlled Trials were systematically searched from inception to September 2020. Articles were included if the study population
had a mean or median age ≥65 years, with cancer diagnoses and if the study assessed patients’ acceptance of a telemedicine
intervention. Quantitative, qualitative, and mixed method studies were included.

Results: Out of a total of 887 articles that were identified, 19 were included in the review. Interventions were delivered via
telephone, videoconference, web portal, mobile app, wearable technology, and text messaging and included teleconsultation,
monitoring and follow-up, psychosocial support and nursing care, and prompts. The most often cited facilitating factor was
convenience. Other facilitators included an increase in telemedicine care accessibility, previous positive experiences of telemedicine,
appropriate technical knowledge and support, decreased cost, physician recommendations, and privacy conferred by the telemedicine
intervention. Barriers include a preference for conventional care along with negative perceptions of telemedicine, concerns about
technical difficulties, and confidentiality concerns in the adoption of telemedicine.

Conclusions: None of the studies explored the ability of tailored interventions to address facilitators and barriers of the acceptance
of telemedicine in order to increase its adoption by older adults. Facilitators and barriers will likely differ across different cultural
contexts and by type of telemedicine; however, this is a gap in current knowledge. In-depth studies are necessary to determine if
interventions could potentially address the barriers identified in this review, to increase acceptability.

(J Med Internet Res 2022;24(3):e28724)   doi:10.2196/28724
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Introduction

Cancer is the among the most prevalent of noncommunicable
diseases in high-income countries [1], and the general incidence
is likely to rise with a greying population. Correspondingly, the
number of older adults who are cancer patients requiring cancer
care will only continue to increase [2]. That said, cancer care
in the current era is increasing in complexity, with newer and
better treatment options in aspects of care such as surgery,
nutritional needs, nonsurgical treatment, wound care, and cancer
surveillance [3]. Despite the amazing speed of technological
adoption across different aspects of health care which are
purportedly patient-centric (ie, bringing the service to the
patients), care for patients with cancer remains very
hospital-centric—the number of required visits to the hospital
remains considerable for every patient. One mode of reducing
hospital visits is the adoption of telemedicine, which has been
accelerated by the COVID-19 pandemic [4-6].

Interestingly, there is no universal definition of
telemedicine—one study [7] established 104 peer-reviewed
definitions of the term. The World Health Organization defines
telemedicine as “the delivery of health care services, where
distance is a critical factor, by all health care professionals using
information and communication technologies for the exchange
of valid information for diagnosis, treatment and prevention of
disease and injuries, research and evaluation, and for the
continuing education of health care providers, all in the interests
of advancing the health of individuals and their communities
[8].” Based on this definition, telemedicine can take many forms,
ranging from a simple phone call to televideo consultations and
other potential applications.

While telemedicine could represent the next paradigm shift in
global models of health care, barriers to its widespread adoption
are present and can range from system-wide logistical issues to
individual-level resistance, affecting patients, health care
providers, and administrators. Crucially, while telemedicine
adoption and use might be more intuitive in younger working
adults who are likely to be more technologically savvy, it
remains debatable how the incorporation of telemedicine into
models of health care would be perceived among older adult
patients, especially those with critical illness such as cancer [9].

The rapidly rising incidence of cancer among older adults [10]
and the high demands of oncology care mean that this group of
patients could potentially benefit immensely from the adoption
of telemedicine; yet, there is also a risk that, instead, this
population will be left behind by advances in technology.
Telemedicine adoption is complex, and system- or
community-level frameworks to explain socioenvironmental
drivers—such as health economic or diffusion of innovation
models—exist [11]. However, individual behavioral factors
continue to play an important role in predicting telemedicine
adoption at the inter- and intrapersonal level [11]. In this context,
technology acceptance has often been identified as an important
precursor to adoption of telemedicine initiatives. A
comprehensive review [12] illustrated the applicability of
technology acceptance models with respect to telemedicine
acceptance; one of the most frequently utilized [12,13]

theoretical models identified was the Unified Theory of
Acceptance and Use of Technology (UTAUT) [11]. While
acceptance is not defined within the UTAUT model, the concept
broadly involves an individual’s behavioral use of the
technology or system [13].

In the UTAUT model, performance expectancy, effort
expectancy, social influence, and facilitating conditions are 4
constructs that are direct determinants of behavioral intentions,
and thus, of behavioral use: performance expectancy is defined
as the degree to which an individual believes that using the
technology will help in completing the task; effort expectancy
is defined as the degree of ease of use of the technology; social
influence is defined as the individual’s perception of whether
important people around them believe that the individual should
use the technology; and facilitating conditions is defined as the
degree to which an individual believes that technical expertise
and infrastructure are available to support the use of the
technology [13].

Despite widespread use of acceptance as a concept to explain
telemedicine adoption in the context of chronic diseases (eg,
hypertension) and population (eg, caregivers, older adults),
reviews, specifically on telemedicine for older adults who are
patients with cancer [14-16], have not addressed telemedicine
acceptance. Thus, we aimed to systematically map the
international body of literature on acceptance of telemedicine
among older adults who are patients with cancer and frame our
current understanding of this topic within the UTAUT model.

Methods

Review Protocol and Search Strategy

Protocol
We based our review methodology and structure on an
established example [17]. A protocol was developed a priori,
and registered on PROSPERO (CRD42021235248); we elected
to utilize PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-analysis for Scoping Reviews
[17]) as the framework because the objective was to map
existing evidence on telemedicine acceptance among older adult
cancer patients, to identify the major knowledge gaps. The
research question was defined using the PICOS (population,
intervention, comparison, outcome, study design) framework.
Specifically, we were interested in all quantitative, qualitative,
or mixed methods studies (both observational and interventional
studies) (study design) that examined older adult cancer patients’
(population) acceptance (outcome) of telemedicine initiatives
(intervention). Where possible (eg, if a study utilized an
interventional design), we were interested in telemedicine
compared with standard (eg, face-to-face) care (comparison)
(Table S1 in Multimedia Appendix 1).

Research Question
What is known from the literature about older adults (defined
as ≥65 years old) who are cancer patients and their acceptance
of the use of telemedicine?
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Search Strategy
Based on the protocol, 2 reviewers (SYF, CYHW) conducted
a comprehensive search of PubMed, EMBASE, PsycINFO,
CINAHL, and the Cochrane Central Register of Controlled
Trials. PubMed, EMBASE, and CINAHL were selected based
on recommendations [18] on best databases for reviewing
telemedicine-related topics. PsycINFO and the Cochrane Central
Register of Controlled Trials were used because of the
possibility that relevant studies examining telemedicine
acceptance might have been published in behavioral psychology
journals or as trials, respectively. Peer-reviewed papers were
included if they were published before September 2020 and
written in English. The concepts searched were relevant to
telemedicine (eg, telemedicine, telehealth), attitudes toward
telemedicine, and cancer patients (eg, neoplasm). Search terms
were broad (for example, the Medical Subject Heading attitude
to health) and applied to all fields (rather than simply to titles,
abstracts, and article keywords) to minimize the likelihood of
excluding relevant articles. The search strategy was constructed
using free-text keywords and Boolean operators. The search
strategy was refined through discussions among all coauthors
(Table S2 in Multimedia Appendix 1).

To further reduce the likelihood of missing relevant articles,
we manually searched the reference lists of articles included in
the review.

Inclusion and Exclusion Criteria
First, as our study population of interest was older adults
(defined as 65 years or older), we included only articles that
had a study population with an average (mean or median) age
that was 65 years or older. This ensured that there was a majority
representation (at least 50% or more) of views of older adults
in the reported outcomes. Studies that did not report mean or
median age were, therefore, excluded. Second, only studies
involving patients with cancer were included; cancer was
defined as a malignant growth or tumor resulting from an
uncontrolled division of cells. Third, studies must have included
the use of telemedicine. Given that there has been no clear
definition of telemedicine in the literature [7], in this review,
any form of technology utilization to aid in delivery of health
care was considered to be telemedicine. Fourth, patient
acceptance of the telemedicine studied must have been reported.
Acceptance was defined as an individual’s likely behavioral
use of the technology or system [13]. Participants may or may
not have actually used the technology studied, as long as their
perspective on the technology had been reported. Only studies
reporting patient perspectives were included. Studies reporting

perspectives of health care providers or caregivers were
excluded. Grey literature (eg, news articles, lecture slides,
unpublished theses), reviews, editorials, letters to the editor,
and studies not published in English or in peer-reviewed journals
were excluded.

Selection of Articles
Duplicates were removed from the list of articles returned by
the searches (manually and using EndNote X8). Two reviewers
(SYF, CYHW) screened the titles and abstracts of all the articles
independently to select articles for full-text review. Articles
were included if at least one reviewer deemed it potentially
suitable. Four reviewers (NQP, SYF, CYHW, JL) were involved
in the review of full-text articles. Each full text was
independently reviewed by at least 2 of the reviewers: full texts
were evenly distributed among reviewers, and a second reviewer
was assigned to independently verify each set, with moderate
(based on [19]) levels of agreement overall (SYF and NQP:
Cohen κ=0.58; CYHW and SYF: Cohen κ=0.49; JL and CYHW:
Cohen κ=0.46; NQP and JL: Cohen κ=0.86). Disagreements
were resolved by discussion, among all 4 reviewers, until
consensus was reached.

Data Extraction and Analysis
Data, relevant information on key study characteristics, and
detailed information on the acceptance of telemedicine among
older adults patients with cancer were extracted from the articles
included in the review. Two reviewers (SYF, CYHW)
independently charted data, discussed the results, and iteratively
updated the data-charting form. The final data fields collected
included the aim of the study, background or context, average
(mean or median) age of participants, type of telehealth
intervention (eg, teleconsultation, monitoring, nursing),
telehealth technology used, presence of comparator arm,
duration of intervention, outcome measured, methods of
measuring outcomes (instrument or scales used), and key
findings. Any disagreements were resolved by discussion or
adjudication (by a third reviewer, JL).

Results

General
A total of 887 articles were identified, from which 211
duplicates were removed, leaving 676 articles for title and
abstract screening. Of these, 513 articles were excluded, and
163 articles underwent full-text review, during which, 137
articles were excluded (Figure 1; Multimedia Appendix 1)
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Figure 1. Study selection flowchart.

Descriptive Characteristics
More than two-thirds (14/19, 73.7%) of studies were performed
in the United Kingdom and United States, and the rest were
from other high-income countries; none were conducted in low-
or middle-income nations. A clear increase in publication
frequency was noted after the year 2010, with 21.1% (4/19) of
studies published in the period from 2011 to 2015, and 57.9%

(11//19) of studies published in the period from 2016 to 2020.
More than half (10/19, 52.6%) of the studies were
cross-sectional (nonrandomized trial: 2/19, 10.5%; pre- and
posttest: 1/19, 5.3%; randomized controlled trial: 2/19, 10.5%:
qualitative: 4/19, 21.1%). Sample sizes ranged from n≤50 (6/19,
31.6%) to n>300 (1/19, 5.3%). The 19 studies included a range
of different cancers (Table 1).
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Table 1. Population and study characteristics.

Articles (n=19), n (%)Characteristics

Country

1 (5.3)Canada

1 (5.3)Denmark

2 (10.5)Germany

1 (5.3)The Netherlands

7 (36.8)United Kingdom

7 (36.8)United States

Publication year

2 (10.5)1995-2000

1 (5.3)2001-2005

1 (5.3)2006-2010

4 (21.1)2011-2015

11 (57.9)2016-2020

Study design

10 (52.6)Cross-sectional

2 (10.5)Nonrandomized trial

1 (5.3)Pre- and posttest

2 (10.5)Randomized controlled trial

4 (21.1)Qualitative

Sample size

6 (31.6)≤50

4 (21.1)51-100

6 (31.6)101-200

2 (10.5)201-300

1 (5.3)>300

Site of cancer

1 (5.3)Breast

1 (5.3)Colorectal

3 (15.8)Endometrial

1 (5.3)Esophagogastric

1 (5.3)Hematological

1 (5.3)Lung

2 (10.5)Prostate

1 (5.3)Skin

8 (42.1)Mixed

Range of Technology
Studies included interventions delivered via telephone (6/19,
31.6%), videoconference (4/19, 21.1%), web portal (2/19,
10.5%), mobile app (3/19, 15.8%), wearable technology (1/19,
5.3%), or text message (1/19, 5.3%). Of the 19 articles, 2 articles
(10.5%) surveyed patients on technology in general (ie, without
specifying a technology). Telemedicine interventions included

teleconsultation (2/19, 10.5%), monitoring and follow-up (7/19,
36.8%), psychosocial support and nursing care (5/19, 26.3%),
and prompts (eg, to increase treatment adherence) (2/19, 10.5%).
Of the 19 articles, 3 articles (15.8%) did not specify a particular
telemedicine intervention, and participants in 5 studies (26.3%)
did not actually use the technology in question—they were
surveyed on their acceptance of that particular technology based
on their impression of its usage (Table 2).
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Table 2. Technology and intervention characteristics.

Articles (n=19), n (%)Characteristic

Technology type

6 (31.6)Telephone

1 (5.3)Mobile text

4 (21.1)Videoconferencing

2 (10.5)Web portal

3 (15.8)Mobile app

1 (5.3)Wearable technology

2 (10.5)Technology in general

Type of telemedicine intervention

2 (10.5)Teleconsultation

7 (36.8)Monitoring and follow-up

5 (26.3)Psychosocial support and nursing care

2 (10.5)Prompts

3 (15.8)Not specified or general

Actual usage of technology studied

14 (73.7)Yes

5 (26.3)No

Facilitators and Barriers to Technology Acceptance
Four studies [20-23] used previously validated questionnaires.
None used an evaluation tool based on a theoretical behavioral

framework. Study topics were categorized into themes (Table
3).

Of the 19 articles, 15 articles reported either facilitators or
barriers to explain their findings on acceptance; the other 4
articles did not [20,21,24-26,28-37] (Table 4).

J Med Internet Res 2022 | vol. 24 | iss. 3 |e28724 | p.239https://www.jmir.org/2022/3/e28724
(page number not for citation purposes)

Pang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 3. Key telemedicine acceptance findings.

Key findingsAim of studyType of studyType of
telemedicine and
reference

Teleconsultation

To assess levels of satisfaction (accep-
tance) among rural cancer patients

Pre- and posttest
study (n=21)

Allen et al
(1995) [25]

• Patients were less inclined to want to use video system again
when asked after attending an on-site consultation (P=.016)

being seen for clinic visits by using
interactive videoconferencing

To understand patients' views of
telemedicine consultations

Qualitative
(n=22)

Mair et al
(2000) [31]

• Participants felt that there was a difference in telemedicine
consultations vs face-to-face visits (eg, modified behavior of
patients) but were accepting of these differences to increase
their access to health care and medical expertise

Monitoring and follow-up

To determine whether nurse-led tele-
phone clinic could effectively and

Cross-sectional
(n=53)

Overend et al
(2008) [32]

• 62% of participants felt strongly that they would participate in
a Teleclinic again rather than travel to see their oncologist

safely be used to follow patients with
indolent and chronic hematological
malignancies

To explore patient satisfaction on
different aspects of follow-up service

Cross-sectional
(n=187)

Beaver et al
(2011) [20]

• 66% of patients mentioned that they would be willing to receive
telephone follow-up care in the future

provision following treatment for • Male patients were 2 times more likely to indicate willingness
for telephone follow-upcolorectal cancer and amenability to

an alternative strategy for follow-up
care

To evaluate a radiographer-led tele-
phone follow-up for patients with low

Cross-sectional
(n=134)

Verma et al
(2015) [27]

• 67 out of 88 (76%) expressed a preference for telephone follow-
up, while 7% expressed no preference between clinic or tele-
phone follow-up and 5.5% expressed preference for outpatientto intermediate risk prostate cancer

patients completing radiotherapy clinic follow-up

To determine patient preferences
around the preferred means of receiv-

Cross-sectional
(n=271)

Onuma et al
(2019) [38]

• Patients >65 years preferred telephone or in-person communi-
cation of normal imaging results (ORa 2.03, 95% CI 1.16-3.56,
P<.05) versus patients ≤65 years; all patients preferred tele-ing information about cancer surveil-
phone or in-person consult for abnormal resultslance (secure digital communication

versus phone call or office visit)

To evaluate the effect of nurse led
follow-up on quality of life and pa-

Nonrandomized
trial (n=296)

Smits et al
(2015) [22]

• Majority of women (98%) in the nurse-led follow-up group
stated that they would like to continue their follow-up care with
the nurse-led telephone clinictient satisfaction compared to conven-

tional follow-up in women treated for • Women in both groups reported equal satisfaction with care
endometrial cancer and to evaluate
the patient acceptance of nurse-led
follow-up

To explore the perioperative potential
of home remote-monitoring (eg, on

Pre- and posttest
(n=9)

Wynter-Blyth et
al (2017) [30]

• All 9 patients mentioned that they would recommend home
remote-monitoring to other patients and 8 out of 9 said that
they would consider buying their own personal health monitor-adherence to prehabilitation and reha-

bilitation programs) ing devices
• Helped to build their confidence in managing their condition

and allowed them to play a more active role in their overall
health, such as improving their adherence to exercise and diet

To investigate patients' opinions
about the use of eHealth apps to sup-

Qualitative
(n=20)

Nugteren et al
(2017) [26]

• Majority of participants would like to use the app as they have
positive attitudes toward the app

port self-management in survivorship
care

Psychosocial support and nursing care
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Key findingsAim of studyType of studyType of
telemedicine and
reference

• Positive intentions to join an online support group were reported
by 34% of participants, whereas for the face-to-face support
group, positive intentions to join were reported by 36.4% of
participants

To model intention of lung cancer
patients to using face-to-face and on-
line lung cancer support groups

Cross-sectional
(n=230)

Xu et al (2014)
[21]

• Participants tended to prefer what was familiar to them; those
in the hospital follow-up group tended to prefer hospital-based
appointments while the telephone follow-up group tended to
prefer appointments with a clinical nurse specialist, regardless
of locality

To explore the preferences of endome-
trial cancer patients and their levels
of satisfaction with hospital vs nurse-
led telephone follow-up

Cross-sectional
(n=211)

Beaver et al
(2020) [34]

• 87% said they would prefer telenursing visit over waiting for
a face-to-face visit

• 70% said that they would prefer a face-to-face visit (if no
waiting time required) even though 85% agreed that the telenurs-
ing visit was as good as a face-to-face visit

• 93% of patients were satisfied with the telenursing combined
with home health visit, while 81% were satisfied with just the
home health visit (P<.01)

To measure the impact of telenursing
on patients discharged with ostomies
resulting from cancer treatment (te-
lenursing + home health visit vs only
home health visit)

Nonrandomized
trial (n=28)

Bohnenkamp et
al (2004) [28]

• Average exit survey responses were favorable and similar for
intervention (mean 3.53, SD 0.55) and control (mean 3.65, SD
0.41; P>.05)

To examine the acceptability and effi-
cacy for reducing disease-specific
distress of a tablet-delivered psychoso-
cial intervention for older men with
advanced prostate cancer

Randomized con-
trolled trial
(n=192)

Bouchard et al
(2019) [33]

• Patients generally preferred telephone follow-up compared to
hospital follow-up

To explore the views of women with
endometrial cancer who had received
telephone follow-up compared to
hospital follow-up

Qualitative
(n=25)

Williamson et
al (2018) [35]

Prompts

• 97.4% recommended it as a way to assist patients to remember
to take medications and 100% would recommend it to their
oncologist as a way to monitor adherence

• 85.7% of participants completed the entire telemedicine inter-
vention, suggesting that there is high acceptability

• Majority of participants (92.2%) reported high satisfaction

To conduct a preliminary evaluation
of the efficacy of telemedicine with
respect to adherence and symptom
severity and interference in adult
cancer patients prescribed Oral Anti-
cancer medication

Randomized con-
trolled trial
(n=75)

Spoelstra et al
(2016) [24]

• All participants except one said that they would recommend
the app to women taking adjuvant endocrine therapy

To assess the likely acceptability of
an eHealth app in women who have
utilized the app to support women
prescribed adjuvant endocrine therapy
after treatment for breast cancer

Qualitative
(n=18)

Brett et al
(2018) [36]

Not specified or general
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Key findingsAim of studyType of studyType of
telemedicine and
reference

• Most patients (86/126, 68.3%) rated scientifically reliable in-
formation as the most important feature for health-related apps,
followed by user convenience (76/126, 60.3%) and data secu-
rity (76/126, 60.3%)

• For 54.0% (68/126) of patients, credibility of the app provider
was important

• 29.6% (37/125) and 25.4% (32/126) considered a low price
and an attractive layout as critical, respectively

To investigate patient attitudes and
their awareness toward skin cancer–re-
lated apps

Cross-sectional
(n=200)

Steeb et al
(2019) [37]

• 88 participants (28.9%) were unreceptive toward supplementing
their rehabilitation with technology devices

To get insight of how receptive cancer
survivors are toward using health
technology for physical activity reha-
bilitation

Cross-sectional
(n=305)

Rossen et al
(2019) [23]

• General sustainability of telehealth beyond pandemic: majority
(65.9%) not inclined to continue telehealth measures

• Type of treatment plays a role in telehealth acceptance: patients
on immunotherapy are more willing to continue with telehealth
measures than patients on chemotherapy

To determine patients’perspective on
adoption of telehealth as a response
to the COVID-19 pandemic

Cross-sectional
(n=92)

Rodler et al
(2020) [29]

aOR: odds ratio.
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Table 4. Facilitators and barriers to telemedicine acceptance.

BarriersFacilitatorsReference

N/AaAllen et al (1995)
[25]

• Patients found that it was more difficult to be completely
candid over the video consult than during the in-person
consultation, when asked after the on-site consultation
(P=.024)

Mair et al (2000)
[31]

• 50% expressed confidentiality concerns, and 50% felt
telemedicine cannot fully replace face-to-face consults

• 100% of patients expressed positive attitudes regarding
satisfaction with telemedicine; mainly due to convenience
of access • 41% were uneasy with the nurse as proxy for physical ex-

am

Overend et al
(2008) [32]

• Younger patients who lived one to two hours away from
the cancer center declined participation in the teleclinic,
as they did not consider the distance an inconvenience

• 78% of participants felt strongly that the teleclinic was
convenient and/or saved them time and money

• Some patients took the opportunity to shop when they
came for follow-up visits and did not regard it always as
an inconvenience

N/ABeaver et al (2011)
[20]

• Greater satisfaction with the time given by professionals,
practical advice, dietary information and comfort in con-
tacting a colorectal nurse between appointments predicted
for acceptance of telephone follow-up

N/AVerma et al (2015)
[27]

• 79 out of 88 patients (92%) who completed the satisfaction
questionnaires reported that telephone follow-up was more
or equally convenient as compared to clinic attendance

N/AN/AOnuma et al (2019)
[38]

N/AN/ASmits et al (2015)
[22]

Wynter-Blyth et al
(2017) [30]

• 5 out of 9 patients experienced difficulties in reliability of
the equipment, such as connection issues

• Usability of the equipment was high, with 8 out of 9 par-
ticipants finding the app and home remote-monitoring de-
vices clear to navigate and easy to use

Nugteren et al
(2017) [26]

• Concerns include: use of the app might be dependent on
the current mood and state of the patient (eg, if unwell),
preference for face-to-face contact, ease of use, need for

• Perception that the app increases awareness of symptoms,
concerns and supportive care possibilities and improves
accessibility

concise and simple information, personalized advice as
well as the importance of privacy

Greater computer familiarity increases intention to join online
support groups

Xu et al (2014)
[21]

• Having more negative attitudes about online support groups
decreases intention to join online support groups.

• Older age, being male and lower levels of education were
associated with more negative attitudes about online sup-
port groups

Beaver et al (2020)
[34]

• Negative comments for telephone follow-up: preference
for face-to-face contact, missing reassurance of clinical
exam, feeling isolated/unsettled and problems with orga-

• telephone follow-up group more likely to indicate that
follow-up appointments were always on time and more
thorough compared to hospital follow-up group.

nizing telephone appointments• Overall greater satisfaction with information received
(more info is provided via telephone follow-up).

• Positive comments for telephone follow-up: knowing who
to contact, convenience, being reassured

Bohnenkamp et al
(2004) [28]

• 15% of telenursing subjects reported that the camera and
new technology embarrassed them

• 100% of patients agreed that telenursing increased acces-
sibility of care

• Less expenses due to less frequent pouch changes

N/AN/ABouchard et al
(2019) [33]
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BarriersFacilitatorsReference

N/A• Telephone follow-up was more convenient for patients
than hospital follow-up; patients did not have to rely on,
or feel they were inconveniencing relatives or friends who
would usually take them to hospital appointments, which
promoted independence; easier to manage their day

• Patients found telephone follow-up reassuring and said
they found it easier to self-manage than when they were
receiving hospital follow-up

• telephone follow-up provided them with privacy that they
perceived was not available at their hospital appointments

Williamson et al
(2018) [35]

N/AN/ASpoelstra et al
(2016) [24]

Phase 1 device (eg, phone) required; app needed to be easy to
download and simple to navigate.

• Phase 1: Women were generally positive about the concept
of an app to provide info and support and all of them see
great potential in the app for helping women cope with
issues that may arise when taking adjuvant endocrine
therapy; they also highlighted the accessibility of the app

• Phase 2: Women reported that the user interface was clear
with intuitive controls and user satisfaction was good from
the usability tasks

• Phase 3: Pilot of the app—the participants reported that
downloading and navigating the app was straightforward
and that it was user friendly

Brett et al (2018)
[36]

• 76.1% (140/184) figured that skin cancer apps cannot re-
place skin cancer screening performed by a physician

• Patients aged >61 years did not think that skin cancer apps
can replace the physician in comparison to those under the
age of 61 years (P=.02) and would rather read a printed
brochure on skin cancer than download an app (P<.001)

• 38.5% (72/187) thought that such apps are useful for pa-
tients; 42.6% (78/183) voted that skin cancer apps can
supplement or support professional skin cancer screening
by a physician

• 59.1% of the patients (110/186) would download a skin
cancer app recommended by their physician

• Men were generally more willing to download an app that
has been recommended by their physician than women
(P=.02)

Steeb et al (2019)
[37]

• The unreceptive group has a higher representation of vul-
nerable individuals that are older, with lower educational
level, live alone, currently smoke, and with more chronic
comorbidities

• Unreceptive-group experience technology-specific barriers
with significantly lower scores in dimensions related to
their skills, motivation and user experiences

• Training and support in utilizing health technology for re-
habilitation

Rossen et al (2019)
[23]

• Patients value personal interactions with their treating
physicians greatly; patient–physician distancing can be
perceived as a bigger toll than the risk of COVID-19

• High response rates indicative of rapid acceptance of
telehealth services by patients during pandemic despite
difficulties of applicability in an aging population with
lower email access or with hearing impairment; virtual
communication was established quickly directly or through
aiding relatives or partners

Rodler et al (2020)
[29]

aN/A: not applicable.

Facilitators
Five studies [27,31,32,34,35] found convenience to be a factor
for technology acceptance, making it the most often cited
facilitating factor. Four articles [26,28,29,36] mentioned
increased accessibility to care as a reason for favoring
telemedicine acceptance. Four articles [21,30,36,37] reported

that a positive experience of telemedicine increased the
likelihood of technology acceptance, and 3 studies [21,30,36]
stated the importance of having appropriate technical knowledge
and support as a facilitating factor. Other factors included
usability [30], lower cost [28], physician recommendation [37],
and more privacy [35]. These facilitators are categorized within
the theoretical framework of the UTAUT (Table 5).
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Table 5. Facilitators and barriers within the context of the Unified Theory of Acceptance and Use of Technology model.

BarriersFacilitators

Performance ex-
pectancy

•• Preference for conventional careIncreased accessibility
• •Decreased cost Confidentiality concerns
• Improved privacy

Effort expectancy •• Technical difficultiesConvenience
• Usability

Social influence •• Negative perceptions of telemedicinePhysician recommendation

Facilitating condi-
tions

•• None foundHaving appropriate technical know-how and support

Barriers
Six articles [21,25,26,31,34,37] found that preferences for
conventional care along with negative perceptions of
telemedicine were barriers to telemedicine acceptance.
Participants from 4 articles [23,30,34,36] were concerned about
technical difficulties, while those from another 4 articles
[25,26,28,31] raised concerns about confidentiality in the
adoption of telemedicine. These barriers are categorized within
the theoretical framework of the UTAUT model (Table 5).

Acceptance Across Different Types of Telemedicine
In 2 early studies [25,31] on the acceptance of teleconsultation
as a substitute for in-person consults, patients were hesitant to
fully transition to teleconsultation.

Participant acceptance of technology in monitoring and
follow-up of their oncological condition was explored in 7
studies [20,22,26,27,30,32,38]. Of these, 6 studies
[18,20,22,27,32,33] reported a generally favorable attitude
toward acceptance of telemedicine; none of these studies went
as far as to conclude that telemedicine can be used to completely
replace traditional in-person consult for follow-up care.

Acceptance of telemedicine related to psychosocial support and
nursing care was studied in 5 studies [21,28,33-35]; 2 articles
[28,35] reported a preference for telemedicine. The other 3
articles [21,33,34] reported no difference in preference between
telemedicine versus control (traditional face-to-face support).

In both articles using technology as an adjunct for prompting
adherence to treatment, participants were found to be generally
receptive [24,36].

Three studies [23,29,37] explored participants’ acceptance of
technology without specifying the type of telemedicine
intervention. One study [23] found that older patients were
among those less likely to accept telemedicine as an adjunct to
traditional care. Two studies [29,37] reported unfavorable
acceptance of telemedicine as a replacement to conventional
care. Of particular interest to the ongoing global pandemic was
a study [37] on patients’ perspectives on adoption of
telemedicine as a response to the COVID-19 pandemic, in which
it was noted that the majority of patients (65.9%) were not
inclined to continue using telemedicine, because they greatly
value personal interactions with their treating physicians. Steeb
et al [37] concluded that patient–physician distancing can be
perceived as eliciting a bigger toll than the risk of COVID-19.

Discussion

Principal Findings
To the best of our knowledge, this is the first scoping review
to explore the acceptance of telemedicine among older adults
patients with cancer. Our review of 19 primary studies indicated
that numerous facilitators and barriers to acceptance of
telemedicine exist. Because no study employed a theoretical
behavioral framework in their methodology, it was not possible
to map facilitators and barriers to UTAUT constructs with great
precision. It was possible, however, to classify factors broadly
according to the original definition [13] of each construct. We
observed that all 4 UTAUT constructs play a role in determining
behavioral use (Table 5).

Although facilitators and barriers to telemedicine acceptance
in the older adult population were reported in most studies, there
was a lack of studies employing methods beyond descriptive
methods. None of the studies explored the effectiveness of
tailored interventions to address facilitators and barriers to the
acceptance of telemedicine by older adult populations;
facilitators and barriers would likely differ across different
cultural contexts and by type of telemedicine studied—this is
a gap in our current knowledge of the use of telemedicine.
Studies should aim to illustrate potential facilitators and barriers
to telemedicine adoption while exploring the efficacy of
different policies to address these factors within local settings.
For example, common barriers identified in this review, such
as negative perceptions of telemedicine, technical difficulties,
and confidentiality concerns, can be easily targeted in education
campaigns. The effectiveness of such campaigns can be
evaluated and adapted to different local contexts. Policymakers
may consider using the UTAUT model as a theoretical basis in
designing such interventions.

While most studies showed positive acceptance of telemedicine
as an adjunct to traditional care models, there was a paucity of
articles that could confidently declare that the telemedicine
alternative offered could completely replace the traditional
modality. Older adult patients appear to still cherish the
opportunity for face-to-face consults, and some studies
[25,26,28,29,31,37] reported confidentiality concerns with
technology. One article [37] was particularly
illuminating—faced with the COVID-19 pandemic, a lot of
older adult patients (who are also more vulnerable to
complications of COVID-19) were forced to adopt telemedicine
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as an alternative to in-person consultations, these older adult
patients may otherwise not have tried this alternative.
Nonetheless, the majority were not inclined to continue adopting
such alternatives even if the pandemic continued [37]. This
study [37] affords us an interesting view into older adult cancer
patients’ psyche in their attitudes toward telemedicine and
suggests that more work is needed to examine the facilitators
and barriers to telemedicine acceptance among older adults.

Five studies [22,24,28,31,34] reported level of satisfaction
among their study population. Although there is generally high
satisfaction reported in the use of telemedicine in these studies,
acceptance of telemedicine among their study population
remains inconclusive. For example, Mair et al [31] found that
despite having all study participants reporting satisfaction with
telemedicine care, 50% of participants felt telemedicine could
not fully replace face-to-face consultations. While participants
may be satisfied with the performance of a telemedicine
technology, it does not naturally follow that they accept the use
of telemedicine over conventional care methods. Acceptance
of a telemedicine alternative and preference for its use over
traditional care models are, therefore, different concepts from
satisfaction. For telemedicine alternatives to enjoy widespread
sustained adoption by the older adult patients when implemented
by health care systems and organizations, future studies could
examine the relationship between satisfaction and acceptance
of telemedicine and analyze factors affecting the correlation
between the two constructs.

The findings of our review may have implications for health
care and public health policymakers in the context of
telemedicine implementation. Caring for an older adult with
cancer is complex. Health care innovation requires
corresponding changes in behavioral patterns among the older
adult population to realize its full potential. While some
traditional barriers to health care access may be overcome, the
acceptance of telemedicine itself is a behavior change,
challenging the accepted health care delivery norm. In the
adoption of telemedicine to aid in health care, the older adult
population faces a whole new distinct set of facilitators and
barriers, and an understanding of these is important to increase
telemedicine acceptance [39]. As shown in our review, this may
be done with the help of theoretical frameworks such as the
UTAUT.

With the ongoing COVID-19 pandemic, which appears to be
accelerating the worldwide adoption of telemedicine, it is
inevitable that many patients will face the prospect of having
to integrate telemedicine into their care routines—within the
6-month period from January to June 2020, there were 543
articles published on telemedicine-related literature [40]. New
facilitators or barriers might emerge from this pandemic-induced
adoption of telemedicine. Understanding these complex factors
through the lens of a theoretical framework could provide a
solid foundation for policymakers to navigate these challenging

times. Moving forward, it may also be worthwhile for public
health researchers and professionals to adopt a mixed methods
approach to understand how existing theories of technology
acceptance may be extended to account for COVID-related
factors. For example, the use of inductive grounded-theory
methodologies may help to uncover novel themes and constructs
not in existing theoretical frameworks.

Limitations
We acknowledge several limitations in our review. First, while
we took the definition of older adults to be 65 years and older,
it was not practical to identify only articles that contain a sample
population of this age range. Doing so would have severely
limited the number of articles available for analysis and would
have excluded numerous studies in which the majority of the
sample population were 65 years or older. We would have
missed out on potentially available evidence in the literature
pertaining to older adult patients and telemedicine. We,
therefore, also included any studies in which a subgroup analysis
on participants 65 years and older was performed. This
compromise meant that a proportion (albeit, less than half) of
the sampled population among included articles was younger
than 65 years of age.

Second, the definition of telemedicine is very wide, and a range
of telemedicine interventions had to be considered. This
contributed to the heterogeneity of the studies included in this
review.

Third, all the studies were conducted in Western high-income
nations. This limits the generalizability of our findings. Attitudes
of older adults with cancer toward telemedicine may be
influenced by cultural factors and education level. The mean
education levels of low- or middle-income nations could also
be different from those of the sample populations included in
this review; thus, the adoption of telemedicine in low- or
middle-income nations by older adults with cancer might
encounter additional difficulties.

Fourth, telemedicine is a rapidly emerging field, and its
emergence has been expedited by the COVID-19 pandemic.
While we were able to include articles from database inception
to September 2020, it is likely that more studies have been
published since September 2020.

Conclusion
The findings of our scoping review have important implications
for future research. In a world grappling with the COVID-19
pandemic, telemedicine offers an alternative model of care and
is here to stay. Our review has identified research gaps to be
addressed. Future studies are necessary to understand the
facilitators and barriers to telemedicine acceptance in older
adults with cancer, with a view to investigating interventions
to address barriers.
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Abstract

Background: Telehealth technology is an excellent solution to resolve the problems of health care delivery. However, this
technology may fail during large-scale implementation. As a result, business models can be used to facilitate commercialization
of telehealth products and services.

Objective: The purpose of this study was to review different types of business models or frameworks and their components
used in the telehealth industry.

Methods: This was a systematic review conducted in 2020. The databases used for searching related articles included Ovid,
PubMed, Scopus, Web of Science, Emerald, and ProQuest. Google Scholar was also searched. These databases and Google
Scholar were searched until the end of January 2020 and duplicate references were removed. Finally, articles meeting the inclusion
criteria were selected and the Critical Appraisal Skills Programme (CASP) checklist was used for appraising the strengths and
limitations of each study. Data were extracted using a data extraction form, and the results were synthesized narratively.

Results: Initially, 4998 articles were found and after screening, 23 were selected to be included in the study. The results showed
that new telehealth business models were presented in 13 studies, and the applications of the existing business models were
reported in 10 studies. These studies were related to different types of services, namely, telemonitoring (4 studies), telemedicine
(3 studies), mobile health (3 studies), telerehabilitation (3 studies), telehealth (2 studies), assisted living technologies (2 studies),
sensor-based systems (2 studies), and mobile teledermoscopy, teleradiology, telecardiology, and teletreatment (1 study related
to each area). In most of the business models, value proposition, financial variables, and revenue streams were the main components.

Conclusions: Applying business models in the commercialization of telehealth services will be useful to gain a better understanding
of the required components, market challenges, and possible future changes. The results showed that different business models
can be used for different telehealth technologies in various health systems and cultures. However, it is necessary to evaluate the
effectiveness of these models in practice. Moreover, comparing the usefulness of these models in different domains of telehealth
services will help identify the strengths and weaknesses of these models for future optimization.

(J Med Internet Res 2022;24(3):e33128)   doi:10.2196/33128
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Introduction

Currently, health care systems are experiencing significant
increases in costs mainly due to the shortage of health care
professionals, increasing life expectancy, growing elderly
population, and identification of new diseases and treatment
methods [1,2]. In addition, economic developments, improved
quality of life, and better health conditions along with more
efficient policy making have led to a demographic transition
(ie, an increase in the elderly population and a reduction in the
young population) [3]. To resolve the challenges associated
with health care delivery to different groups of patients,
information technology–based solutions such as telehealth
technology have been proposed [4-6]. Telehealth is defined as
the use of information and communication technology to provide
a wide range of health care services [7,8]. Telehealth has also
been considered a unique opportunity to bridge the gaps and
inequalities in health care delivery and as a solution to reduce
the pressure imposed on health care systems [9,10]. It should
be noted that the term telehealth includes telemedicine, eHealth,
and mobile health (mHealth), and these terms are sometimes
used interchangeably [1,5,11,12].

Currently, commercialization in the telehealth industry has
received significant attention and innovative technology–based
start-ups are expanding. In fact, the real value of these
innovations lies in their commercialization [13-17]. The results
of various studies show that the use of innovative technologies
in the fields of telehealth and telemedicine is very challenging,
and many products in these fields either fail in the
implementation phase or stop in the research and development
phase [13-16]. Most of these innovations and new technologies
have never been introduced at the market level, as they have
mainly focused on technology-based solutions rather than real
value [1,14,15]. There are also a number of nontechnical
challenges such as the nature of the relationship between health
care providers and patients, the responsibility of information
technology professionals, and privacy and confidentiality issues
that should not be underestimated [18]. To overcome these
challenges, the use of business models seems inevitable for
successful commercialization of innovative technologies, and
it may lead to more effective and efficient provision of health
care services [17].

Recently, different business models have been proposed for the
telehealth industry [1,19]. However, the findings of the research
conducted by Frederickson et al showed that a business model
and its components should be chosen based on the purpose of
the technology and the context of use [20]. The results of other
studies have indicated that patients, health care providers,
payers, vendors, and other stakeholders play a key role in
providing telehealth and telemedicine services. If a business
model provides social or economic value for all stakeholders,
then the likelihood of the successful implementation of a
technology will increase [13,21]. It should be noted that different
business models may have different components, as reported
in various studies [22,23]. As successful commercial investment
in telehealth requires an appropriate business model and plan,
understanding these models and their components will help
technology developers and commercial investors to make more

informed decisions in this field [22,23]. Therefore, the purpose
of this study was to review different types of business models
and their components used in the telehealth industry.

Methods

This study was a systematic review conducted in 2020. A
systematic review is a type of review in which a systematic
method is used to summarize evidence on questions with a
detailed and comprehensive method [24]. Before conducting
this review, ethical approval was obtained from the ethics
committee of the Iran University of Medical Sciences (reference
number: IR.IUMS.REC.1397.1328).

Eligibility Criteria
To select the most relevant studies, inclusion and exclusion
criteria were set. According to the inclusion criteria, all research
papers, reviews, conference papers, theses, and dissertations in
which business models or business frameworks and their
components were discussed in relation to telehealth,
telemedicine, and mHealth were included in the study. No time
frame was considered for searching the articles and the search
was conducted until the end of January 2020. Papers published
in English and full-text availability were the other inclusion
criteria.

According to the exclusion criteria, books, book chapters, letters
to the editor, and studies in which a business model or
framework was used in fields other than telehealth, telemedicine,
and mHealth were excluded. Publication languages
other than English and unavailability of full texts were the other
exclusion criteria.

Information Sources
The databases used for searching articles included Ovid,
PubMed, Scopus, Web of Science, Emerald, and ProQuest.
Google Scholar was also searched. The searches were conducted
until the end of January 2020 and duplicate references were
removed. Additionally, the OpenGrey database was searched
to find grey literature. The search process was carried out by
reference and citation tracking, and the scientific profiles of the
authors of the articles were examined to find further related
articles.

Search Strategy
To develop a search strategy, MeSH (Medical Subjects
Headings) terms such as commerce, mHealth, and telemedicine
and key terms such as business, business model, value chain,
eHealth service, and commercial phenomena were used. The
search strategies, number of records, and search dates are
presented in Multimedia Appendix 1. There was no time limit
for searching the articles, but the language was limited to
English and only full-text papers were included in the study.

Selection Process
The screening process was performed based on the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) checklist [25,26]. After retrieving relevant
articles, reference management was performed using EndNote
software (Version X7, Clarivate) and duplicates were removed.
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The titles, abstracts, and full texts of the retrieved studies were
screened. The initial search and screening processes were
conducted by one of the authors (FV). In the next step, the other
authors independently screened and appraised the remaining
articles and resolved discrepancies by discussion and reached
a consensus.

Data Collection Process
Data were extracted using a data extraction form comprising
the name(s) of the author(s), year of publication, country,
research objective, research method, business model, the
model’s components, and a summary of the results. The first
author (FV) initially collected the data, and the reports were
reviewed independently by other researchers too. In case of
disagreement, the researchers discussed the issue and resolved
it by reaching a consensus.

Data Items
In this study, the business models or frameworks and their
components used for the commercialization of telehealth
services were the main data items that were reviewed and
compared in different studies.

Risk of Bias Assessment
The quality of the studies was assessed using the Critical
Appraisal Skills Programme (CASP) checklist [27]. As
qualitative methods were used in the selected studies, the CASP
checklist for qualitative research was used. It consists of 10
questions, with “yes,” “no,” or “can’t tell” as the answer options.
The calculated scores showed if the quality of each study as
high (7-10), medium (4-6), or low (1-3). The assessment was

conducted by 2 researchers (FV and HA) independently (see
Multimedia Appendix 2).

Synthesis Methods
In most of the selected studies, qualitative methods were used.
Therefore, meta-analysis was not possible. The papers were
divided into 2 groups. The first group included those studies in
which a new business model or framework was presented, and
the second group included papers analyzing existing business
models used in the telehealth industry. To summarize data,
tables were developed based on the data extraction form. The
main components of the business models are also presented in
figures for better understanding.

Results

Study Selection
The preliminary search results in the selected databases included
4998 articles. After excluding duplicates, 2403 articles remained.
Then, the titles of these articles were reviewed, and 2282 articles
were excluded due to poor alignment of their aims with those
of this study. In the next step, the abstracts of the 121 remaining
articles were reviewed and 85 papers were excluded because
their content was mostly irrelevant to the aims of this study.
The full texts of the remaining articles (n=36) were reviewed,
and 13 articles were excluded as they were mainly related to
health care businesses (n=2), health organizations (n=4), Internet
of Things (n=3), business strategy (n=1), sustainable business
models in various industries (n=1), and organizational reports
(n=2). Finally, 23 papers were selected to be included in this
review. Figure 1 shows the article selection process.
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Figure 1. Article selection process based on PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [25 26].

Study Characteristics
The papers selected for inclusion in this review were divided
into 2 main groups. The first group included 13 studies that
presented a new business model or framework
[1,14,19,23,28-36], and the second group comprised 10 studies
that evaluated existing business models or frameworks used in
the telehealth industry [37-46]. These studies were published
between 2005 and 2020. The first group comprised studies
conducted in the United States (n=5), the Netherlands (n=1),

Germany (n=2), Taiwan (n=3), Italy (n=1), and England (n=1);
the second group included studies conducted in the Netherlands
(n=6), China (n=1), Australia (n=2), and Sweden (n=1).

Results of Individual Studies

New Business Models or Frameworks for Telehealth
Industry
Table 1 presents the 13 studies analyzing a new business model
or framework for use in the telehealth industry
[1,14,19,23,28-36].
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Table 1. Summary of the studies presenting a new business model or framework for use in the telehealth industry.

ResultsModel componentsBusiness modelMethodsObjectiveAuthor(s) (year)
and country

The ATP business model was a layered
model where each layer supported the

Five components:
vendor services

Arizona
Telemedicine Pro-

Qualitative study
(case study)

To describe a busi-
ness model that was
developed specifical-

Barker et al (2005)
[23] United States

upper layer, and the membership modellayer, infrastruc-gram (ATP) busi-
ness model has allowed the ATP to develop a

modern telecommunication network
ture services layer,
operational ser-

ly to distribute
telemedicine ser-
vices throughout the that delivers services to clients at avices layer, profes-
state of Arizona at lower cost because of its distributed

network and services.
sional services lay-
er, and client layerthe lowest possible

cost

This successful business model will
depend on the ability to produce the

Five teleradiology
business models:

Teleradiology busi-
ness model

Qualitative study
(literature review)

To provide a busi-
ness model of telera-
diology

Mun et al (2005)
[28] United States

highest-quality product at the lowest
cost.

stand-alone telera-
diology practice,
the
“nighthawk”/on-
call coverage, solo
radiologist prac-
tice, expert/second-
opinion teleradiolo-
gy, and a global
virtual radiology
service based on
workload sharing
and reallocation

The VISOR framework suggests that
widespread adoption of mobile health

Five components:
value proposition,

VISOR business
model framework

Qualitative study
(case study)

To provide a VI-

SORa business mod-

Fife and Pereira
(2008) [30] United
States care can only be achieved when the in-

terface, service platform, organizational
interface, service
platforms, organiz-

el framework for
mobile telehealth

model, and revenue model are ad-
dressed simultaneously.

ing model, and
revenue model

The business model engineering strate-
gy provided important insights that led

Two components:
demand and supply

Abstract cost benefit
model (ACBM)

Mixed methods
study (quantitative
and qualitative case
study)

To design a business
model for a myofeed-
back-based teletreat-
ment service (My-
oTel) in patients

Kijl et al (2010)
[14] Netherlands

to an improved, a more viable, and a
feasible business model; the related
value network design and the process

with chronic neck of early-stage business model engineer-
and shoulder pain or
whiplash injury

ing reduce risk and produce substantial
savings in costs and resources related
to service deployment.

The telecardiology service continued
to succeed because of the mutual bene-

Nine components:
value proposition,

Telecardiology busi-
ness model

Qualitative study
(case study)

To analyze the busi-
ness model of a ser-
vice innovation case

Lin et al (2010)
[32] Taiwan

fits it offered to the providers and users.target customer,
A telecare service is meaningful to thedistribution chan-by evaluating a tele-

cardiology service general public only when the business
model is sustainable.

nel, (customer) rela-
tionship, value
configuration, capa-
bility, partnership,
cost structure, and
revenue model

Value proposition, partnership, re-
source, and capability affect service

Six components:
value proposition,

Telemedicine frame-
work

Qualitative study
(interviews with
hospitals, security

To generate a frame-
work to analyze 6
major telemedicine
projects in Taiwan

Lin et al (2011)
[33] Taiwan

processes and cost structures. This in
turn impacts customers’ acceptance of
telemedicine.

target customers,
service process, re-
sources and capabil-
ities, partnership

firms, and not-for-
profit organizations)

and cost structure,
and revenue model
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ResultsModel componentsBusiness modelMethodsObjectiveAuthor(s) (year)
and country

A sustainable business model was built
by interconnecting 9 partial business
models.

Nine partial mod-
els: customer, mar-
ket, financing, pro-
ceeds, production,
resources, procure-
ment, network, and
strategy

Consistent business
model

Qualitative study
(literature review)

To identify, de-
scribe, and develop
business models of
sensor-based fall de-
tection systems

Fachinger and
Schöpke (2014)
[34] Germany

This business framework was useful
for coordinating the perspectives of
different telemedicine institutions,
evaluating competitors, and designing
competitive advantages.

Four components:
value proposition,
value co-creation,
value communica-
tion and transfer,
and value capture

CompBizMod
framework

Qualitative study
(literature review)

To describe, ana-
lyze, and classify a
business model

Peters et al (2015)
[19] Germany

Telerehabilitation business models re-
duced costs and the number of people
on the waiting list. Actually, due to
changes in the health sector and innova-
tive governance, patients can be in-
volved in the recovery process.

Three components:
key activities, cus-
tomer/patient seg-
ments, and key re-
sources

Telerehabilitation
business/governance
models

Qualitative study
(interviews with de-
cision makers, phys-
iotherapists, pa-
tients, and care-
givers)

To identify the best
business model to
optimize value cre-
ation for most
project stakeholders

Fusco and Turchet-
ti (2015) [31] Italy

Requirement analysis and design of the
mobile health management business
model led to the provision of a cheap
and professional support and manage-
ment services platform for the disease.

Four components:
data, data analy-
sis/service, user,
and partner

Mobile health man-
agement business
model

Qualitative study
(literature review)

To find a business
model to improve
the health manage-
ment of patients
with chronic kidney
disease

Lee and Chang
(2016) [29] Taiwan

The comparative advantage of a sustain-
able business framework was the most
important factor that encouraged older
people to pay for eHealth despite their
free health services. Further, this sus-
tainable model reduced the pressure on
the British health system.

Seven components:
value proposition,
product innovation
and commercializa-
tion, infrastructure
management, cus-
tomer relations
management, finan-
cial viability and
sustainability,
stakeholder credi-
bility, and revenue
streams

Sustainable business
model

Qualitative study
(literature review)

To investigate the
commercialization
of assisted living
technologies and
provide a sustainable
business model

Oderanti and Li
(2016) [35] Eng-
land

The VISOR framework illustrates that
although technology issues, such as
security and privacy considerations,
remain key factors that will determine
the rate of adoption of telehealth, non-
technological challenges are equally,
if not more, important.

Five components:
value proposition,
interface, service
platforms, organiz-
ing model, and
revenue model

VISOR business
model

Qualitative study
(literature review)

To identify the value
proposition of tele-
health

Pereira (2017) [1]
United States

A successful telemedicine business
model must be safe, appropriate for the
patient’s needs, patient-centered, user-
friendly, compliant, mission driv-
en/strategically aligned, and have
demonstrable value for the patient.

Eight models: di-
rect-to-consumer
(patient), organiza-
tion-to-organiza-
tion, clinician-to-
clinician, oversight
and processes, on-
line patient ac-
cess/portals/tech-
nology,
mHealth/medical
applications, hard-
ware/software, and
international tele-
health program

Telehealth business
model

Qualitative study
(literature review)

To provide a busi-
ness model for the
success of tele-
health  programs

Arkwright et al
(2019) [36] United
States

aVISOR: value proposition, interface, service platform, organizing model, and revenue.
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The study by Barker et al [23] presents a 5-layer model for
telemedicine. From the bottom to the top, these layers included
the vendor services layer, infrastructure services layer,
operational services layer, professional services layer, and client
layer. In this model, each layer supported the top layer, and the
model created a new and low-cost infrastructure for
telecommunication by developing a membership program and
connecting to other networks. It also led to the distribution of
specialized clinical services in rural communities [23]. Mun et
al presented 5 business models for teleradiology including
stand-alone teleradiology practice, the “nighthawk” or on-call
coverage, solo radiologist practice, expert or second-opinion
teleradiology, and a global virtual radiology service based on
workload sharing and reallocation. These models led to more
effective, higher-quality, and less-expensive diagnoses [28].

In 2 studies, business models were presented for mHealth
services [29,30]. Among these, the study conducted by Fife and
Pereira used the 5-component VISOR (value proposition,
interface, service platform, organizing model, and revenue)
model as the analytical framework to identify and address
barriers to the widespread use of telehealth [30]. Another study
was conducted by Lee and Chang that provided designing a
4-component business model for mHealth services for chronic
kidney disease. The 4 components of this model were data, data
analysis/service, partner, and user, which finally provided a
cost-effective and professional platform for disease support and
management services [29].

In the field of telerehabilitation, 2 different business models
were presented in 2 of the included studies [14,31]. In the study
by Kijl et al, a business model was considered for treating
patients with chronic pain in the shoulder and neck. The design
of this business model included a demand component on one
side and a supply component on the other side. Medical research
and development organization, occupational health care
organization, and disability insurance organization were the
subsets of supply and demand. In the value network of this
business model, the components were interrelated, and increased
productivity compensated for the additional costs of information
technology [14].

Fusco and Turchetti also presented 4 models of business
governance for telerehabilitation after total knee replacement.
These models included 1 conservative model, 2 partnership
models between primary care units and supporting companies
that supplied equipment for primary care units, and 1 model
based on cooperation between stakeholders. The results showed
that the innovation structure was enhanced from the first to the
fourth business model. The main components of these models
were key activities, customer and patient segments, and key
resources. These models reduced costs and the number of people
on the waiting list [31].

In telecardiology, the results of the study by Lin et al showed
that using a sustainable business model with the 9 components
including value proposition, target customer, distribution
channel, (customer) relationship, value configuration, capability,

partnership, cost structure, and revenue influenced the
acceptance of technology by the general public and provided
mutual benefits for service providers and patients [32].

In 2 studies, a business framework for telemedicine was
presented [19,33]. In the study of Lin et al, the business
framework included the components of value proposition,
partnership, resources and capabilities, and geography [33]. In
another study, Peters et al revealed that the CompBizMod
framework in telemedicine created a new perspective for
reviewing and evaluating current business models in terms of
structure, logic, and value. This framework included 4 main
components of value proposition, value co-creation, value
communication and transfer, and value capture, and the
framework could be used to generate different perspectives in
telemedicine business models, evaluate competitors, and
determine competitive advantages [19].

The results of the study conducted by Fachinger and Schöpke
showed that a sustainable business model in sensor-based fall
recognition systems consists of 9 interconnected components,
building blocks, or partial models including customer, market,
financing, proceeds, production, resources, procurement,
network, and strategy; the combined application of these
components led to the creation of a sustainable business model
[34]. Oderanti and Li presented a conceptual framework for a
sustainable business involving assisted living technologies that
included value proposition, product innovation and
commercialization, infrastructure management, customer
relation management, financial viability and sustainability,
stakeholder credibility, and revenue streams as the 7
components. The comparative advantage of this framework was
the most important factor that encouraged older people to pay
for eHealth services, even though health services were free [35].

In 2 other studies, the new business models were slightly
modified [30,36]. In Pereira's study, the 5-component VISOR
interactive business model was the same as that presented in
Fife and Pereira’s study [30], but it was presented in more detail.
This model had 5 components, namely value proposition,
interface, service platform, organizing model, and revenue, and
the results of the study showed that the weakness of one
component could be compensated by strengthening another
component [1].

Arkwright et al presented 8 common and successful telehealth
business models in their study. These models included the
direct-to-consumer (patient) business model,
organization-to-organization business model,
clinician-to-clinician business model, oversight and processes
business model, online patient access/portals/technology, a
business model based on mHealth/medical applications, a
hardware/software model, and an international business model.
The researchers believed that a successful telehealth business
model should be safe, patient-centered, user-friendly, consistent,
mission-oriented, strategy-oriented, and of proven value to the
patient [36]. The key aspects of the aforementioned business
models are presented in Figure 2.
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Figure 2. Key aspects of the new business models or frameworks for the telehealth industry.

Existing Business models or Frameworks Used in the
Telehealth Industry
The findings of this study showed that 10 studies examined
existing business models or frameworks used in the telehealth
industry (Table 2) [37-46]. Among them, 5 studies used the
9-component Osterwalder business model, which includes
customer segments, value propositions, channels, customer
relationships, key resources, key activities, key partnerships,
cost structures, and revenue streams [37-40,43]. Hidefjäll and
Titkova showed that the development of wearable sensor
technologies should be considered as part of a more extensive
commercialization process consisting of conceptual, financial,
and organizational developments, and the requirements of the
health system should be considered [37].

The results of Marjomaa's study [38] showed that the eHealth
service market for chronic diseases was a multidisciplinary

market with several different segments, and the use of a
participatory strategy such as the Osterwalder business model
had a significant impact on the success of this market.
Leeuwerden has suggested that cost-benefit studies are essential
for the success of assisted living technologies in dementia care,
and they can be considered along with the components of the
Osterwalder model [39]. Similarly, the results of a study
conducted by Kho et al showed that although the Osterwalder
model can be considered as a basis for different types of
telehealth businesses, the 3 components of physician
participation, medical risk management, and country-specific
commitments must be considered to support the sustainability
of teledermoscopy services [40]. Grustam et al have stated that
although attention has been paid to the components of the
Osterwalder model, synergy among manufacturers, health care
providers, payers, and legislators is necessary to implement
telescreening technology for patients with heart diseases [43].
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Table 2. Summary of the studies that evaluated existing business models or frameworks used in the telehealth industry.

ResultsModel componentsBusiness modelMethodsObjectiveAuthor(s) (year)
and country

Using 1 flexible infrastructure for multi-
ple telemonitoring services, infrastruc-

Four components: service do-
main, technological domain,

Freeband busi-
ness blueprint
method

Qualitative study
(literature re-
view)

To provide a
business model
for telemonitor-
ing

Dijkstra et al
(2006) [44]
Netherlands ture costs can be shared among multiple

services. A partnership between home
care organizations, central contact cen-

organizational domain, and
financial domain

ters, suppliers of monitoring devices, and
wireless sensor network providers is re-
quired for telemonitoring.

The business model is sustainable (vi-
able, suitable for growth, and sustain-

Four components: service do-
main, technological domain,

STOFa modelQualitative study
(case study)

To validate the
process of the
business model

Leunissen
(2008) [45]
Netherlands able), if it has added value for all stake-

holders involved.
organizational domain, and
financial domaindesign of Myotel

(see Table 1)

There is an imbalance as to where money
can be earned, where money can be

Four components: customer
value proposition, profit for-

Johnson frame-
work

Qualitative study
(literature re-
view)

To review busi-
ness models in
home health ser-
vices

Simonse et al
(2011) [46]
China saved, and where other value is created.

Home health care providers are deliver-
ing extended, preventive, or outsourced
health care from hospitals. 

mula, key resources, and key
processes

Focusing on business model design early
in the mHealth technology development

Nine components: customer
segments, value propositions,

Alexander Oster-
walder’s

Business Model
Canvas

Mixed methods
study (quantita-
tive and qualita-
tive)

To develop a
generalizable
business model

for mHealthb ser-
vices in chronic

Marjomaa
(2015) [38]
Australia phase can help researchers and designers

overcome common challenges and create
commercially viable mHealth services.

channels, customer relation-
ships, revenue streams, key
resources, key activities, key
partnerships, and cost struc-
ture

disease manage-
ment

Instead of solely focusing on the material
development of the technology, develop-

Nine components: customer
segments, value propositions,

Alexander Oster-
walder’s

Business Model
Canvas

Qualitative study
(literature review
and interviews
with relevant rep-
resentatives)

To design a busi-
ness model for a
wearable biofeed-
back system

Hidefjäll and
Titkova (2015)
[37] Sweden ment needs to be seen as part of a larger

commercialization process consisting of
conceptual, material, and institutional
development with the business model

channels, customer relation-
ships, revenue streams, key
resources, key activities, key
partnerships, and cost struc-
ture design in focus to meet health care sys-

tem requirements.

The B2C model in telemonitoring
chronic heart failure potentially creates

Three components: design,
structure, and governance

B2CQualitative study
(literature re-
view)

To assess the

B2Cc model for
telemonitoring

patients with
chronic heart fail-
ure

Grustam et al
(2017) [42]
Netherlands value for patients, who are shareholders

of the service. Moreover, implementation
of telemonitoring for chronic diseases
via the B2C model can potentially free
up financial resources, which can either
be used to support a greater number of
people with the same technology or can
be invested in new treatments and thera-
pies.

In principle, care coordination in the
B2B and B2C models for telemonitoring

Six components: structure, fi-
nancing, public policies,

B2B and B2CQualitative study
(literature re-
view)

To create the

B2Bd and B2C
care models and

Grustam et al

(2017) [41]
Netherlands chronic diseases differs in terms of de-

sign elements and design themes. The
technology alignment, con-
sumers (customers), and ac-
countability

explore the differ-
ences in care coor-
dination and

transaction costs could potentially be
lower in the B2C model than in the B2B
model, which could be a promoting eco-
nomic principle.

transaction costs
between these
models for tele-
monitoring
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ResultsModel componentsBusiness modelMethodsObjectiveAuthor(s) (year)
and country

A B2B model was developed toward a
B2C model offered in telemonitoring
with the goal of synergizing equipment
manufacturers, health care providers,
payers, and legislators to enable telemon-
itoring for the entire population and in-
crease the speed and scalability of the
technology.

Nine components: customer
segments, value propositions,
channels, customer relation-
ships, revenue streams, key
resources, key activities, key
partnerships, and cost struc-
tures

Alexander Oster-
walder’s

Business Model
Canvas

Qualitative study
(literature re-
view)

To describe a
B2C model for
the implementa-
tion

Of telemonitor-
ing, by extending
the current B2B
model

Grustam et al

(2018) [43]
Netherlands

 

Cost-benefit studies were essential to the
success of ambient assisted living tech-
nology, and the insurance company
played an important role in continuing
to use and commercialize these technolo-
gies.

Nine components: customer
segments, value propositions,
channels, customer relation-
ships, revenue streams, key
resources, key activities, key
partnerships, and cost struc-
tures

Alexander Oster-
walder’s

Business Model
Canvas

Mixed methods
study (quantita-
tive and qualita-
tive)

To increase the
commercial via-
bility of business
model innova-
tions with

SHAALe technol-
ogy in dementia
care

Leeuwerden
(2018) [39]

Netherlands

The 3 business elements that supported
the viability, sustainability, and growth
of web-based dermatology were develop-
ing key partnerships, clinician involve-
ment in the design and implementation
process, and managing the medicolegal
risks and liabilities that are relevant for
each country.

Nine components of Alexan-
der Osterwalder’s business
model canvas: customer seg-
ments, value propositions,
channels, customer relation-
ships, revenue streams, key
resources, key activities, key
partnerships, and cost struc-
tures

Nine components of Ash
Maurya’s Lean Canvas: cus-
tomer segments, problem,
revenue streams, solution,
unique value proposition,
channels, key metrics, cost
structure, and unfair advan-
tage 

Alexander Oster-
walder’s

Business Model
Canvas and Ash
Maurya’s Lean
Canvas

 

Qualitative study
(literature re-
view)

To identify, de-
scribe, compare,
and contrast

the building
blocks for direct-
to-consumer mo-
bile teleder-
moscopy services

Kho et al

(2020) [40]
Australia

aSTOF: service, technological, organizational, and financial.
bmHealth: mobile health.
cB2C: Business-to-Consumer.
dB2B: Business-to-Business.
eSHAAL: Smart Home and Ambient Assisted Living.

Business-to-Business (B2B) and Business-to-Consumer (B2C)
models were used in 2 studies. The aim of 1 study was to explore
the systemic and economic differences in care coordination via
B2B and B2C models for telemonitoring patients with chronic
diseases [41], and in another study, the aim was to assess the
B2C model for telemonitoring patients with chronic heart failure
by analyzing its value for organizations or ventures that provided
telemonitoring services [42]. In these studies, the B2C model
was used with its 6 components of structure, financing, public
policies, technology alignment, consumers (customers), and
accountability. This model created value for customers,
shareholders, service providers, and the community [41,42].

Furthermore, 3 studies used other existing business models
[44-46]. Dijkstra et al used the freeband business blueprint
method (FBBM) including service domain, technological

domain, organizational domain, and financial domain as the
components. The results indicated that costs can be divided
between several telemonitoring services using a flexible
infrastructure [44].

In a study conducted by Leunissen, the STOF (service,
technological, organizational, and financial) model was used.
The results showed that the added value in the telerehabilitation
business model might be changed due to the impact of cash
flows [45]. In another study, Simonse et al used the Johnson
framework, which included customer value proposition, profit
formula, key resources, and key processes. They noted that
designing a business model is not separate from the
organizational context [46]. The key aspects of the existing
business models or frameworks used in the telehealth industry
are illustrated in Figure 3.
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Figure 3. Key aspects of the existing business models or frameworks used in the telehealth industry.

Synthesis
The results showed that different types of business models and
frameworks have been used in the telehealth industry and they
have various components. However, value proposition, meeting
the stakeholders’ and customers’ requirements, and financial
issues were the most common components in these models and
frameworks. These components might be described using
different terms along with many other components, which were
found important in relation to a specific type of technology and
its context of use. Although new business models and
frameworks focus on specific aspects of telehealth services,
namely, service delivery, innovation, technology, and interface
design along with other business components, the existing
business models, such as Osterwalder’s business model canvas,
have been used by some researchers to gain more comprehensive
insight into the telehealth industry. It seems that using these
business models and frameworks depends on the context of
using the technology and many other components can be added
to make them more appropriate for different purposes.

Discussion

Principal Findings
The aim of this study was to review different types of business
models and their components used in the telehealth industry.
The search process yielded 4998 articles, from which 23 studies
were included in the study. These studies were divided into 2
main categories. The first category included new business
models or frameworks, and the second category included the
existing business models and frameworks used in telehealth
industry. These models and frameworks consisted of different
components in various areas of telehealth.

As mentioned earlier, business models can help implement
telehealth technology with the participation of all stakeholders
and in a value-based manner [4]. Business models serve as an
analytical framework for identifying and overcoming barriers
to the implementation and extensive use of telehealth
technologies and help apply beneficial emerging technologies.
These models also help identify the value proposition of
telehealth services and its challenges, as well as the appropriate
revenue model, organizational structure, and stakeholder
engagement model [1]. However, business models must be
adapted to the social, geographical, and economic contexts of
the technology. Understanding each component of a business
model is essential to evaluate the success of telehealth services
[13,47]. Moreover, providing a business plan based on the
well-known business models or frameworks, especially in the
early stages of product development, will reduce potential risks
and significantly save the costs related to the establishment of
services and technologies [14,29,31].

A business model should be able to create and transfer value to
the customers in a profitable and sustainable manner [23,30].
Therefore, some studies have emphasized the differences among
the business models used for various types of telehealth
technologies in each country [13,48]. For example, the results
of the study conducted by Fredriksson et al showed that it is
more appropriate to use different business frameworks for
specific purposes. These frameworks should be in line with the
context and purpose of using the technology [20]. However,
the application of business models in the field of telehealth does
not guarantee the success of new technologies, and before taking
any action, legal issues and challenges related to licensing,
compensation methods, liability, data sharing, and data
protection must be resolved [28].
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According to research findings, the main components in most
telehealth business models were financial issues and cost
structures that could be influenced by service processes,
resources, and partners [33]. Cost structure plays an important
role in customer acceptance, and different financial strategies
need to be considered for various circumstances, revenue
makings, and geographical areas [33]. Thus, a successful
business model must be able to provide the highest value and
increase the customers’ willingness to pay [1,36].

The results showed that it is possible to design different types
of business models with various components to be used in
telehealth industry. However, the components should be able
to support the value of the technology in line with other
components, such as the cost structure and revenue model. The
components of a business model must be able to support each
other, especially in unstable conditions of the health system. In
addition, the components of a business model must be constantly
monitored and updated [34].

A business model should ultimately lead to the acceptance of
the technology by the general public. It should help in providing
equitable distribution of services, effective diagnosis of diseases,
and high quality of services, as well as in reducing pressure on
health systems [35].

The results also revealed that some studies used existing
business models or frameworks in telehealth services. Among
these models, the Osterwalder business model was used more
frequently than other models [37-46]. This model was helpful
to meet the requirements of the health system and provided
added value by increasing patient satisfaction and reducing the
cost of care [37,43]. It also provided a better understanding of
the business characteristics and covered various economic
aspects of technology implementation [40].

A number of other studies used B2C and B2B models. The use
of the B2C model allowed all stakeholders to enjoy the benefits
of innovation, reduced the burden of service delivery, and
improved efficiency [42]. However, when insurance companies
supported the B2B model, it was more sustainable than the B2C
model. Other studies used the FBBM, Johnson framework, and
STOF model. The use of these models was influenced by cash
flow to generate revenue and predict outcomes [44-46].
Similarly, Antoniotti et al showed that government and private
payers are very influential in making telehealth payments and
revenue policies should be considered in business models [49].

Although business sustainability is one of the major challenges
lying ahead for the expanding telehealth industry, few studies
have concentrated on this aspect [32,34,35]. The key aspects of
the long-term sustainability of telehealth business include
developing a skilled workforce, empowering consumers,
reforming funding, improving digital ecosystems, and
integrating telehealth into routine care. These requirements
should be considered in implementation planning to ensure that
effective integration of telehealth within complex health systems
is in place and staff are willing to use telehealth technologies
[50,51]. In another study, Cui et al highlighted that the
sustainability of telemedicine must be improved by appropriate
legislation, uniform standards, and powerful management [52].

The existing business models, especially the Osterwalder
business model, are general tools and roadmaps that can provide
a good understanding of business model components. However,
one of its major drawbacks is the lack of sufficient emphasis
on the importance of the digital economy and the functionalities
of core enabling technologies. In fact, this business model cannot
manage multiservice platforms and the use of other business
models seems necessary to support it. Moreover, it is more
product-oriented and the nature of key partner networks is less
discussed in this business model [38]. In situations where the
stakeholders, their roles, and the impact of their roles are
different, the existing business models do not have the necessary
flexibility for adaptation. Moreover, the customers (organization
purchasing technology) and users (technology user) are different
sometimes and considering the requirements of both groups
may influence the design of the business model [53].

Practical Recommendations
Overall, applying business models in the commercialization of
telehealth services will be useful to gain a better understanding
of the required components, stakeholders’ interactions, market
challenges, and possible future changes. In fact, understanding
the innovation, market size, competitive strategy, and investment
in the telehealth industry is not sufficient and the impact of such
an investment on the whole society should be investigated
[38,42]. Although several business models have been proposed
for use in the telehealth industry, using a combination of models
and their components can help commercialize the technology
more successfully. Telehealth business models can also be used
in combination with traditional patient care models to double
their value proposition [40,43].

Strengths and Limitations
In this study, different types of business models and their
components used in the telehealth industry were reviewed and
the main components necessary for a successful telehealth
business were identified. However, this study has some
limitations. In most of the selected studies, qualitative
approaches were used. Therefore, conducting meta-analysis
was not possible. Moreover, although the main databases were
searched, there might be other databases that were not searched
and non-English papers that were excluded from the study.
These limitations can be addressed in future studies by searching
more databases and changing the exclusion criteria.

Conclusions
The results showed that new business models used in the
telehealth industry focused on legal, organizational, insurance,
and customer-related issues. Added value, financial variables,
financial sustainability in the market, competition, service
platform, annual membership and subscription, national
incentives, cost structure, and revenue streams were the other
important components of these models. The studies that used
existing business models mostly focused on aspects such as
design, structure, governance, organizational issues,
country-specific obligations, public policy, financing, profit
formula, physician participation, risk management, and key
processes.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e33128 | p.261https://www.jmir.org/2022/3/e33128
(page number not for citation purposes)

Velayati et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


In general, the diversity of business models and their
components in the telehealth industry indicates that different
models can be used for different telehealth technologies in
various health systems and cultures. However, it is necessary

to evaluate the effectiveness of these models in practice.
Moreover, comparing the usefulness of these models in different
domains of telehealth services will help identify the strengths
and weaknesses of these models for future optimization.
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Abstract

Background: Digital health in hospital settings is viewed as a panacea for achieving the “quadruple aim” of health care, yet
the outcomes have been largely inconclusive. To optimize digital health outcomes, a strategic approach is necessary, requiring
digital maturity assessments. However, current approaches to assessing digital maturity have been largely insufficient, with
uncertainty surrounding the dimensions to assess.

Objective: The aim of this study was to identify the current dimensions used to assess the digital maturity of hospitals.

Methods: A systematic literature review was conducted of peer-reviewed literature (published before December 2020)
investigating maturity models used to assess the digital maturity of hospitals. A total of 29 relevant articles were retrieved,
representing 27 distinct maturity models. The articles were inductively analyzed, and the maturity model dimensions were extracted
and consolidated into a maturity model framework.

Results: The consolidated maturity model framework consisted of 7 dimensions: strategy; information technology capability;
interoperability; governance and management; patient-centered care; people, skills, and behavior; and data analytics. These 7
dimensions can be evaluated based on 24 respective indicators.

Conclusions: The maturity model framework developed for this study can be used to assess digital maturity and identify areas
for improvement.

(J Med Internet Res 2022;24(3):e32994)   doi:10.2196/32994

KEYWORDS

digital maturity; digital capability; eHealth; digital hospitals; capability model; maturity model; literature review; electronic
medical records

Introduction

Planning a strategic roadmap to successful digital health
transformation is challenging [1] due to a busy health landscape
with competing drivers for change [2-4]. This is further
compounded by the myriad of new technologies health care

providers can select from to advance their digital health agenda.
Despite both the rapid global uptake of eHealth technologies
[5] and digital health being viewed as a panacea [6] for
achieving the “quadruple aim” of health care (ie, reducing costs,
improving patient experience, improving the work life of health
care providers, and advancing population health) [7], the
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outcomes of digital health transformation are inconclusive and
mixed [8,9]. One proposed method for strategically developing
a digital health agenda is to follow a roadmap informed by
digital maturity assessments [10,11].

In health care, digital maturity is defined as the extent to which
digital systems are leveraged to provide high-quality health
care, resulting in improved services and service delivery for an
enhanced patient experience [12]. Assessing digital maturity is
particularly important in hospital settings, due to (1) the
complexity and cost of health service delivery involving
multidisciplinary teams in acute, high-cost care settings [13];
(2) the necessity for rapid digital transformation that leverages
eHealth technologies to cater to the needs of an aging population
with increased rates of chronic disease [14]; and (3) the
difficulties justifying business cases for large-scale electronic
medical record system implementations, which require
significant upfront and ongoing costs [15].

To assess digital maturity, a maturity model can be used to allow
an organization to evaluate its current digital status across a
series of dimensions [1]. However, limitations exist in current
approaches for measuring digital maturity in hospitals, as there
is a lack of consensus over which dimensions should be assessed
[11]. Others have argued that current assessments of digital
maturity are insufficient due to their primary focus on
technology, with limited incorporation of organizational and
human factors [4]. This is further supported by Carvalho et al
[16], who emphasize that most digital maturity models lack
sufficient depth and breadth for adequate assessment. Currently,
there is still no agreement or convergence on how to assess
digital maturity in health care.

Failure to understand the appropriate dimensions for assessing
the digital maturity of hospitals will hamper the success of
digital health transformation and be detrimental to health care
outcomes. Therefore, a systematic literature review was
conducted to find what dimensions are currently used to assess
digital maturity in hospitals. As such, our aim was to synthesize
the maturity model dimensions that are currently used when
assessing digital hospital maturity to develop a consolidated
digital maturity framework. Such a synthesis is necessary for,
and will be beneficial to, health care executives and strategic
decision-makers in evaluating and planning for the
transformation of their practice. In addition, this synthesis will
be beneficial to researchers as it consolidates the maturity
dimensions and provides areas for future research to further
refine and strengthen maturity models and their applications.

Methods

A systematic literature review following the guidelines of
Templier and Pare [17] was conducted in December 2020 of
articles that describe how digital maturity is assessed in hospital
settings. In line with these guidelines, this systematic literature
review was developmental in nature, in that it sought to develop
a consolidated digital maturity framework. Therefore, unlike
aggregative reviews, which seek to include all articles relevant
to the phenomenon of interest, developmental reviews seek to
cover only a sample of articles relevant to the phenomenon of
interest [17].

To extract articles, medical databases (eg, PubMed, Cochrane,
and Medline) and the Association for Information Systems
College of Senior Scholars’ Basket of Eight journals were
searched using the following search string: (“maturity model*”
OR “digital capabilit*” OR “digital maturity”). These databases
and sources were selected due to the prominence of digital health
in these domains. However, due to the breadth of information
systems literature examining digital maturity across a myriad
of contexts other than health care, the following search condition
was added for a more targeted review of the information systems
sources: “AND (“health” OR “healthcare”)”. This additional
search condition was not added to medical databases due to
their targeted focus.

Articles were excluded if they were (1) focused on settings other
than hospitals, as the implementation of eHealth technologies
in different contexts (eg, acute vs primary care) requires vastly
different resources with large heterogeneity in impact
measurement; (2) focused on maturity models not related to
digital health (ie, training maturity); (3) not focused on digital
maturity; (4) published in a language other than English; and
(5) not a full-text article (ie, posters or extended abstracts).

As illustrated in Figure 1 [18], 357 articles were returned from
the search, and after removing duplicates, 215 remained.
Initially, the first author screened the abstracts resulting in 149
articles being removed and 66 potentially relevant articles being
retained. Next, a full-text review was conducted to determine
eligibility, resulting in the exclusion of 37 articles. A total of
29 articles were deemed applicable for analysis. To ensure no
relevant articles were missed, backward searching of the
references was performed. Consistent with Saldaña [19],
intercoder corroboration was performed at each stage by the
second author when determining whether an article should be
included.

To analyze the relevant articles, inductive coding [20] was
performed in NVivo (version 12 Plus; QSR International), with
maturity model dimensions extracted. These were first extracted
using verbatim codes [19] with 245 raw maturity nodes (the
nodes included terms such as digital architecture, enterprise
architecture, infrastructure, technology capabilities, reliability,
decision support systems, picture archiving and communication
system [PACS], and software applications). In some instances,
the raw maturity nodes represented the specific maturity model
dimensions as mentioned in the papers, while in other instances
it referred to digital maturity stages, as some maturity models
only provided stages rather than specific dimensions.

Through the constant comparison method [20], these raw
maturity nodes were grouped into respective indicators based
on commonalities. This involved considering the definition of
each raw maturity node, as in some cases the name of the raw
maturity node (as extracted verbatim from the paper) did not
reflect its inherent meaning. By comparing the specific
definitions of the raw maturity nodes, similar definitions were
consolidated into a single indicator. For instance, digital
architecture, enterprise architecture, and infrastructure were all
related to information technology (IT), so were grouped into
the IT infrastructure indicator, while technology capabilities
and system reliability were grouped into the technical quality
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indicator, and decision support systems, PACS, and software
applications were grouped into the systems and services
indicator. In total, 24 indicators were identified. Following this,
constant comparison was again performed to aggregate the
indicators into a consolidated set of dimensions based on
commonalities amongst indicators. For instance, the IT
infrastructure, technical quality, and systems and services
indicators were grouped into the IT capability dimension. In
total, 7 dimensions were identified.

To provide further confidence in our findings, reliability
assessments were also performed. First, coder corroboration
was conducted. The first author independently performed coding
of verbatim measures (ie, raw maturity nodes) to indicators,
then grouped the indicators into dimensions and discussed these
decisions with the second author until consensus was reached

[19]. This involved ensuring that all verbatim measures were
accurately mapped to the indicators. Through discussion, some
of the verbatim measures were moved to a different indicator
to better reflect their underlying definitions. Subsequently,
additional coder corroboration of the indicators and dimensions
was performed. This involved the first 2 authors discussing the
indicators and dimensions with the rest of the authorship team
and resulted in updates to some of the names and definitions
[19]. Second, external reliability checks were performed and
the dimensions were discussed at external forums, including
(1) a statewide digital health steering committee in April 2021,
attended by 14 members, and (2) the statewide “Digital Health
Grand Rounds” in May 2021, attended by 120 health service
executives, digital health researchers, and clinicians. Consensus
was reached at the forums on the derived dimensions.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Results

Digital Maturity Dimensions
In total, 27 distinct maturity models were examined (Multimedia
Appendix 1). In some instances, multiple maturity models were
examined in a single paper, and in other instances, the same
maturity model was examined in multiple papers. In total, 14
papers validated an existing maturity model, 10 papers proposed
a new maturity model but did not validate the maturity model,

4 papers both proposed and validated a new maturity model,
and 1 paper extended an existing maturity model.

Overall, 24 indicators were identified, which were consolidated
into 7 digital maturity dimensions: strategy; IT capability;
interoperability; governance and management; patient-centered
care; people, skills, and behavior; and data analytics. The
dimensions are described in Table 1; detailed examples of the
indicators are provided with examples of their verbatim
measures in Multimedia Appendix 2. Multimedia Appendix 3
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illustrates how the distinct digital maturity models mapped onto
the 7 digital maturity dimensions.

The findings of this review identified that digital maturity is
predominantly assessed based on management-oriented
dimensions and technology-related dimensions. Governance

and management (n=22 articles) has been the most prevalent
dimension of digital maturity, followed by IT capability (n=18),
people, skills, and behavior (n=17), interoperability (n=15), and
strategy (n=14). Comparatively, limited research has examined
data analytics (n=6) and patient-centered care (n=3). Each
dimension is further described in the below subsections.

Table 1. Description of the Digital Maturity Dimensions.

IndicatorsDescriptionDimension

Strategic adaptability, strategic alignment,
strategic focus

The extent to which the organization has developed and implemented
a strategic plan to achieve its goals and objectives [16]

Strategy

Information technology infrastructure,
technical quality, systems and services

The extent to which the organization has adopted and implemented
information technology infrastructure, digital systems, technologies,
and services [21] that are usable and effective [22]

Information technology capability

External interoperability, internal interoper-
ability, semantic interoperability, syntactic
interoperability

The extent to which data and information can be exchanged between
systems within the organization, across care settings, and with pa-
tients, caregivers, and families [11]

Interoperability

Change management, data governance,
leadership and management, risk manage-
ment, standards, cultural values

The extent to which the organization embraces leadership, policies
and procedures, structures, risk management of quality and safety,
integrated workflows, relationship building, and capacity building
[23]

Governance and management

Patient empowerment, patient focusThe extent to which patients, caregivers, and families can actively
participate in their health decisions, have access to information and
health data, and cocreate services and service delivery [24]

Patient-centered care

Education and training, knowledge manage-
ment, individual competence, technology
usage

The extent to which stakeholders (internal and external) are digitally
literate and motivated to leverage technology [11,25]

People, skills, and behavior

Descriptive analytics, predictive analyticsThe extent to which the organization uses data for effective decision-
making for the organization, patients, and population health [1]

Data analytics

Governance and Management
The governance and management dimension is described as the
extent to which the health care organization possesses
formalized and committed leadership, as well as formalized
policies, procedures, structures, and workflows [23]. Six
indicators comprise the governance and management dimension:
leadership and management, change management, cultural
values, standards, risk management, and data governance.

The leadership and management indicator encompasses the
executive team’s commitment to and support for improving
clinical quality [26-28] and fostering innovation across the
hospital [24]. This support is essential for all levels of the
workforce. The change management indicator recognizes the
need to encourage individuals to embrace planned change to
achieve desired outcomes [11,29]. The need for innovation and
embracing change is further evident in the cultural values
indicator, which espouses values of encouraging innovative
behaviors [11,29] within a trusting [26-28] and inclusive
environment [30,31]. The standards indicator assesses the extent
to which processes [30-32], policies, and procedures are based
on the standards that have been formally agreed and mandated
[24] and the extent to which these contribute to optimizing the
health care organization [11,12,33]; nevertheless, this indicator
is not contrary to innovation. The risk management indicator
acknowledges the need for the workforce to identify, mitigate,
and report risks to ensure the safety, security, and privacy of
patients [1,11,26-28] and the workforce [21]. The data

governance indicator further assesses whether data integrity,
security, and privacy are preserved across the digital systems
in health care settings [12], supported by standardized processes
and protocols for accessibility and authorization [22,23,34].

IT Capability
The IT capability dimension represents the extent to which the
organization has implemented IT infrastructure, digital systems,
technologies, and services [21] that are usable and effective
[22]. This dimension comprised three indicators: systems and
services, IT infrastructure, and technical quality.

The systems and services indicator, which examines the digital
systems implemented to support clinical care, is the most
prominent indicator within this dimension. The systems
identified as being important to digital maturity include
electronic medical records, clinical decision support systems,
e-prescribing, PACS [11,35,36], orders and results management,
asset and resource optimization systems [22], and remote and
assistive care systems [1,21]. The IT infrastructure indicator
focuses on infrastructure [21,37] and architecture [1] designed
and installed to support the aforementioned systems and services
[12]. The systems and services indicator, as well as the IT
infrastructure indicator, largely examine what technology and
supporting structures have been implemented but do not account
for their effectiveness. Alternatively, the technical quality
indicator focuses on how effective, efficient, and fit for purpose
the digital systems are [21,38].
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People, Skills, and Behavior
The people, skills, and behavior dimension assesses the extent
to which stakeholders, both internal and external to the health
care organization, are digitally literate and motivated to leverage
digital health systems [11,25]. This dimension consists of four
indicators: education and training, knowledge management,
individual competence, and technology usage.

The education and training indicator relates to the strategies
adopted by the health care organization to provide individuals
with opportunities to grow and develop clinical and technical
skills, as well as collaboration and teamwork skills [16,29]. The
knowledge management indicator refers to the extent to which
workforce capability grows through creating, managing, and
sharing knowledge [23,30]. These two indicators focus on
ensuring organizational practices are in place to foster skill
development and knowledge acquisition, whereas the individual
competence and technology usage indicators focus on the actual
skill sets and behaviors of individuals. For instance, at the
individual level, the individual competence indicator takes into
consideration that individuals need to possess skills, knowledge,
and capability to use digital systems [21]. In contrast, the
technology usage indicator recognizes that systems can be used
in different ways and that digitally mature organizations need
to ensure systems are used as intended [12] in a pervasive and
consistent manner [26-28].

Interoperability
The interoperability dimension represents the extent to which
data and information can be exchanged between systems within
the organization, across care settings, and with patients,
caregivers, and families [11]. Four interoperability indicators
were identified: external interoperability, internal
interoperability, semantic interoperability, and syntactic
interoperability. The former 2 indicators relate to how
information is exchanged between different actors within and
between organizations (ie, intraorganizational vs
interorganizational information exchange). The latter 2
indicators relate to data transformation and distinguish between
the technical and meaningful structure of the information
exchanged.

The external interoperability indicator assesses the adoption of
standards to integrate systems, services, and data across the
entire health care system [1,11,30,39-41]. Conversely, the
internal interoperability indicator assesses the integration of
systems and data across departments within a single health care
organization [30,40]. The external interoperability indicator
was more prevalent in the literature than the internal
interoperability indicator.

The semantic interoperability indicator examines the extent to
which information exchanged between digital systems can be
accurately interpreted and understood by each system involved
[34,42]. As such, the semantic interoperability indicator is
dependent on the transparency of the underlying lexicon and
data dictionary to ensure the intended meaning of the
information exchange is retained [42]. Alternatively, the
syntactic interoperability indicator represents the extent to which
technical standards have been defined to enable the consistent,

effective, and efficient integration of digital systems and services
[30,34].

Strategy
The strategy dimension represents the extent to which the
organization has developed and implemented a strategic plan
to achieve its goals and objectives [16]. The strategy dimension
includes three indicators: strategic focus, strategic alignment,
and strategic adaptability. This dimension is built on the premise
that the digital strategy and the organizational strategy should
be aligned and adaptable to support the accomplishment of
measurable goals and outcomes related to quality and safety
[26-28].

The strategic focus indicator was the most prevalent, with an
emphasis on quality and safety [26-28], sustainability and cost
effectiveness [39], and ensuring the systematic evaluation of
quantifiable results and objectives [24,26-28]. While the
strategic focus indicator centers on the core elements that health
care organizations focus on, the strategic alignment indicator
details the need for the digital strategy to be aligned with the
organizational strategy [12,43]. To accomplish this, the digital
strategy needs to be grounded on clinical benefits and outcomes
[1,11]. In contrast, the strategic adaptability indicator recognizes
the importance of organizational strategy and digital system
dynamism [1,11,16] and that both should be capable of
responding to environmental challenges [44] and emerging
opportunities [11,16,24].

Data Analytics
The data analytics dimension examines the extent to which the
organization uses data collected in its digital systems for
effective decision-making to benefit the organization, patients,
and population health [1]. Few studies have reported on this
dimension and as such only 2 indicators have been identified:
descriptive analytics and predictive analytics.

The descriptive analytics indicator is the extent to which data
is analyzed to identify and understand historical patterns and
trends, facilitating effective decision-making [1]. The predictive
analytics indicator focuses on the analysis of data that enables
future potential risks and opportunities to be identified to aid
decision-making [24], including “proactive/predictive models
of care” [11].

Patient-Centered Care
The patient-centered care dimension encompasses the extent to
which patients, caregivers, and families can actively participate
in their health decisions, access information and their health
data, and cocreate services and service delivery [24]. Only 3
articles in this review examined patient-centered care as a
dimension of digital maturity, which resulted in 2 indicators:
patient focus and patient empowerment.

The patient focus indicator assesses the extent to which the role
of the patient is considered, involved, and valued when
designing new models of care [25,31]. The patient empowerment
indicator represents the extent to which patients are encouraged
to actively participate in their health decisions and have access
to relevant information and health data [24].

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32994 | p.270https://www.jmir.org/2022/3/e32994
(page number not for citation purposes)

Duncan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Discussion

Summary of Key Findings
In summary, we identified 7 dimensions (ie, strategy;
governance and management; IT capability; interoperability;
data analytics; people, skills, and behavior; and patient-centered
care) of digital health maturity that hospitals need to consider
when strategically planning their digital health agenda. In
addition, we identified 24 indicators that can be used to measure
these dimensions (Figure 2). To operationalize these indicators,
future research should seek to rigorously develop specific
measurement items and follow extensive internal and external
validity and reliability assessment [45].

These dimensions have received varying attention in the
literature; however, as we argue in the “Implications for Future
Work” section of this paper, a robust digital health maturity
assessment must consider all dimensions to a sufficient depth.
As such, we considered these dimensions to be equally weighted.
Failure to consider a dimension could ultimately prove
detrimental to the overall digital transformation agenda.

Our findings extend previous systematic literature reviews on
digital health maturity models in 3 ways. First, past reviews
have sought to identify various maturity models used in health

care and analyze them in isolation. For instance, Carvalho et al
[37] examined 14 maturity models and Gomes and Romão [46]
investigated 26 maturity models commonly employed in health
care, providing a descriptive account of each. In contrast, this
study synthesized the dimensions present across maturity models
to derive a consolidated framework (Figure 2). Second, other
reviews have investigated maturity model dimensions, yet had
aggregate dimensions that were inappropriately broad. For
instance, Tarhan et al [47] developed a consolidated list of only
four maturity model dimensions: business process, technology,
people, and other. Their business process dimension
incorporated government regulations, their technology
dimension was aligned with the IT capability dimension
identified in this study, and their people dimension focused
largely on patient safety culture and therefore differed from the
people, skills, and behavior dimension identified in this study,
which examined individual-level and organizational-level
factors. The “other” category incorporated a wide range of
factors including “culture, strategy, governance, leadership,
interoperability, and data” [47]. The maturity model framework
developed in this paper provides a more granular account of
factors in the “other” category represented in the previously
reported dimension. Such a granular account is necessary for
effective assessment.

Figure 2. Consolidated Digital Maturity Model Framework for Hospitals.

Implications for Future Work
Through performing this analysis, we have identified four
important areas that future research should focus on: (1)
balancing digital maturity dimensions; (2) evaluating the impact

of dimensions on the quadruple aim of health care; (3)
examining the interrelationships between dimensions; and (4)
evaluating longitudinal variations in digital maturity. These are
discussed in turn below.
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Balancing Digital Maturity Dimensions
No maturity model in our review encompassed all 7 dimensions
of our consolidated digital maturity model framework. The vast
majority of studies focused on organizational capability (ie,
governance and management and strategy), technological
capability (ie, IT capability and interoperability), and individual
capability (ie, people, skills, and behavior). Only 3 papers
recognized patient-centered care as a dimension of digital
maturity, which lags behind the goals of current medical
practice. This marked difference in attention to the dimensions
of the maturity models illustrates the traditional corporate focus
on technical and regulatory components of digital health and
the neglect of patient outcomes in the digital transformation of
health care. This is a clear oversight in current digital maturity
assessments, as government policies are increasingly placing
the patient “at the heart of their own treatment plans so that they
might develop a commitment to self-management” [48].

Moreover, while technology capability has been a prominent
theme in both the IT capability and interoperability dimensions,
there has been less attention paid to understanding the data
analytics dimension [16]. In terms of data analytics, many of
the professed benefits of digital health emanate from the
“promise and potential” of the secondary use of health care data
[49,50]. This capability is, further, central to prior government
agendas promoting meaningful use of technology [51]. As such,
future research needs to address data analytics as a key aspect
of digital maturity, examining not only descriptive and predictive
analytics but also the potential of prescriptive analytics.

Our findings (detailed in Multimedia Appendix 1) demonstrate
that the vast majority of maturity models have been assessed in
developed countries, such as the United States and the United
Kingdom. Seldom is the digital maturity of hospitals in
developing countries assessed (notable exceptions are the work
of Yarmohammadian et al [52] and Moradi et al [31], who
examined maturity models in Iran), and cross-cultural
comparisons are largely overlooked. Future research therefore
needs to examine the extent to which maturity models are
equally applicable across cultures and settings. Ammenwerth
et al [53] provide some useful guidance into how best to do so.

Evaluating the Impact of Digital Maturity Dimensions
While the importance of the 7 identified dimensions has been
raised across multiple papers, their impact on outcomes such
as the quadruple aim of health care (ie, reducing costs,
improving patient experience, improving the work life of health
care providers, and advancing population health [7]) has largely
not been assessed (details are shown in Multimedia Appendix
4). Only 2 papers in our study triangulated digital maturity with
outcomes. For instance, van Poelgeest et al [44] identified that
the higher the digital maturity based on the Electronic Medical
Record Adoption Model (EMRAM), the shorter the length of
stay, although this was dependent on the location of the hospital.
Conversely, Martin et al [12] identified that digital maturity
based on a clinical digital maturity index did not influence the
mortality, readmission, or complications encountered in the
hospital, but found that maturity significantly improved length
of stay and the number of harm-free patient care episodes.

Understanding how digital maturity influences outcomes is
essential, as past research has found mixed results when
assessing the outcomes of the digital transformation of health
care, with recommendations made to policy makers to “identify
and support the drivers of successful [eHealth] outcomes” [8].
If designed and applied correctly, digital maturity assessments
could equip policy makers with tools to evaluate whether they
have the drivers in place for successful digital transformation
[54]. However, validation of the digital maturity dimensions is
still required. Such validation will need to extend beyond
measuring operational improvements such as cost savings and
productivity goals and consider all 4 health care aims. Failure
to adequately recognize the health care aim of improving the
working conditions of health care providers will limit successful
digital transformation, as demonstrated in many reports of staff
dissatisfaction and burnout associated with digital technology
in health care [55].

Similar concerns surrounding the validity of digital maturity
models have been observed by Thordsen et al [56]. To validate
the digital maturity of hospitals, it is necessary to analyze digital
maturity through the lens of balanced health care outcomes, as
outlined in the quadruple aim. We encourage future research
using a multiple case study design to evaluate both the digital
maturity dimensions and key performance indicators related to
each aim and to assess whether digital maturity correlates with
health care outcomes. Confounders will likely be present, but
this is a necessary first step to provide evidence to health care
executives regarding the need to evaluate and improve digital
maturity. In addition, future research should seek to perform an
intervention study with targeted improvements within each
digital maturity dimension and assess the impact on the health
care aims to further understand the mechanisms behind the
purported relationship.

Understanding the Interrelationships Between
Dimensions
The digital maturity dimensions in the literature reviewed here
were largely examined in a subjective manner, with the
dependencies and interrelationships open to interpretation,
assumptions, and variability. Future research should seek to
delve into these interrelationships further, as this could provide
insights into the order in which hospitals should seek to improve
the digital maturity dimensions. For instance, efforts to improve
data analytics and IT capabilities through implementing artificial
intelligence algorithms for complex clinical care may be
hampered if there is no appropriate clinical governance or a
clinical informatics workforce. As such, future research should
seek to examine exemplar cases which have excelled in each
of the dimensions to identify their drivers.

Conducting a Longitudinal Analysis of Dimensions
At different stages of a hospital’s digital health journey, different
maturity model dimensions may need to be assessed. This is
because digital systems and organizations are dynamic and,
therefore, change over time. Although some maturity models
decompose digital maturity into stages, these are often simple
in nature. Some notable maturity models have taken this level
of detail into account [16] by considering the varying
measurement criteria between the different stages of maturity.
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But as a whole this approach has mostly been overlooked. As
such, scholars should seek to perform a longitudinal
investigation of digital maturity to ensure appropriate
assessments are performed depending on the level of IT
capability within the hospital.

Limitations
This review is scoped to the digital maturity of hospitals and
not to other health care settings. This is necessary because of
the vast differences between acute health care settings and
primary care. Future research should seek to investigate the
digital maturity of primary care settings to identify maturity
dimensions necessary for their successful transformation.

Although maturity models are widely being used in hospitals
globally, it is important to note that digital maturity assessments
are just one approach to planning and evaluating digital health
transformations. Future research should compare the efficacy
of digital maturity assessments with other approaches, for
instance plans for digital health transformation benchmarking
[53], the NASSS (nonadoption, abandonment, scale-up, spread,
and sustainability) framework [57], and organizational readiness
surveys [58]. Alternatively, from an evaluation perspective,
organizations can adopt the measures from evaluation
frameworks [59].

In addition, this literature review has been scoped to
peer-reviewed outlets in medical databases and leading
information systems journals, with “grey” literature excluded,
which could have led to publication bias. Although this scoping
may have missed some articles, it was necessary to ensure only
high-quality, theoretical, rigorously developed models were
included. In addition, proprietary maturity models that are used
in practice but not examined in the peer-reviewed literature in
this study were omitted. Nevertheless, many proprietary maturity
models have been examined in peer-reviewed journals and were
therefore included in this study, such as the EMRAM of the
Health Information Management Systems Society.

Conclusions
This systematic literature review resulted in the development
of a consolidated digital maturity model framework consisting
of 7 core dimensions and 24 indicators of digital health maturity.
Future research needs to be conducted to understand how these
dimensions relate to outcomes across the quadruple aim of
health care, and to extend the traditional IT and corporate focus
to include patient and staff considerations. In that way, digital
health strategic plans will become aligned to the strategic aims
of hospitals and focused on delivering the quadruple aim of
health care.
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Abstract

Background: Physician burnout was first documented in 1974, and the electronic health record (EHR) has been known to
contribute to the symptoms of physician burnout. Authors pondered the extent of this effect, recognizing the increased use of
telemedicine during the first year of COVID-19.

Objective: The aim of this review was to objectively analyze the literature over the last 5 years for empirical evidence of burnout
incident to the EHR and to identify barriers to, facilitators to, and associated patient satisfaction with using the EHR to improve
symptoms of burnout.

Methods: No human participants were involved in this review; however, 100% of participants in studies analyzed were adult
physicians. We queried 4 research databases and 1 targeted journal for studies commensurate with the objective statement from
January 1, 2016 through January 31, 2021 (n=25).

Results: The hours spent in documentation and workflow are responsible for the sense of loss of autonomy, lack of work-life
balance, lack of control of one’s schedule, cognitive fatigue, a general loss of autonomy, and poor relationships with colleagues.
Researchers have identified training, local customization of templates and workflow, and the use of scribes as strategies to alleviate
the administrative burden of the EHR and decrease symptoms of burnout.

Conclusions: The solutions provided in the literature only addressed 2 of the 3 factors (workflow and documentation time) but
not the third factor (usability). Practitioners and administrators should focus on the former 2 factors because they are within their
sphere of control. EHR vendors should focus on empirical evidence to identify and improve the usability features with the greatest
impact. Researchers should design experiments to explore solutions that address all 3 factors of the EHR that contribute to
burnout.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020201820;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=201820

International Registered Report Identifier (IRRID): RR2-10.2196/15490

(J Med Internet Res 2022;24(3):e36200)   doi:10.2196/36200
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Introduction

Background
This systematic review examined the state of physician burnout
incident to the electronic health record (EHR), compounded by
the stress of managing the pandemic in the first year of
COVID-19. Neither physician burnout nor the EHR are new;
however, the additional stress of managing a pandemic may
make the relationship between these 2 variables clearer. The
clinical psychologist Herbert Freudenberger [1] is attributed to
the first mention of physician burnout in 1974, as he observed
physician interaction in the drug-addled East Village of New
York City. His description of burnt-out physicians mirrored the
physicians’description of burnt-out patients with drug addiction
in terms of a feeling of disassociation as depicted by the
definition in the following sections. Physician burnout can be
detrimental to physician well-being and to the quality of care
provided and can result in higher turnover [2-4]. It is a
significant problem that has been attributed to the EHR.

Rationale
The EHR has become a pervasive entity in the lives of all health
care workers. Very few processes in the health care field are
independent of the EHR. This “digital version of the patient’s
chart is a real-time, patient-centered record that makes
information available instantly and securely to authorized users”
[5]. Physician burnout is “a long-term stress reaction marked
by emotional exhaustion, depersonalization, and a lack of sense
of personal accomplishment” [6]. Physician burnout was already
identified as a worldwide health issue before COVID-19, and
digital tools such as the EHR are cited as a contributing factor
to this issue [7,8]. Factors associated with the EHR cited in
relation to physician burnout are usability, workflow, and
documentation time [8-13]. The documentation inherent to the
EHR requires significant time, as much as 2:1 hours of direct
clinical face-to-face time and as much as 2 hours outside of
office hours [14]. Some authors list burn-out as a new pandemic
and a new normal [15,16].

A systematic review of 182 studies on a similar topic was
conducted in 2018. It examined physician burnout data over a
17-year period. It identified a high incidence of physician
burnout, but it failed to attribute the EHR as a contributor [17].
Another systematic review of 50 studies was conducted in 2019.
It identified 4 interventions (teamwork, time management,
transitions, and technology) to assuage the effects of physician
burnout [10]. A systematic review in 2020 of 81 studies found
interventions to decrease the digital-tool burden (training,
reduced documentation and task time, expanded care teams,
leveraged quality improvement and processes in workflows) in
68% of articles analyzed [9].

Objectives
The purpose of this research was to examine physician burnout
issues incident to the EHR prior to and during the first year of
the COVID-19 pandemic by analyzing the literature from the
last 5 years. We defined physician burnout as emotional
exhaustion, depersonalization, and lack of sense of personal
accomplishment [6]. We examined facilitators and barriers to

the adoption of mitigation strategies of burnout incident to the
EHR.

Methods

Protocol and Registration
Authors of this systematic review followed the protocol by
Kruse [18] for conducting a systematic review and reported
results in accordance with PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analysis) [19]. The research
was registered with PROSPERO on August 31, 2020.

Eligibility Criteria
To be eligible for this study, articles had to be published in
English in peer-reviewed, academic journals between January
2016 and January 2021. All study designs were accepted
including both quantitative and qualitative studies with humans
of all ages; however, other systematic reviews were excluded
from the selection.

Information Sources
On January 29, 2021, we used a standard search string to query
4 databases: PubMed (MEDLINE), CINAHL (exclude
MEDLINE), Web of Science, and Science Direct. We also
performed a journal-specific search of the Mayo Clinic
Proceedings.

Search Strategy
We created a Boolean search string to combine key terms listed
in the Medical Subject Headings (MeSH) of the US Library of
Medicine [(“electronic health record” OR “electronic medical
record”) AND (“physician burnout”) AND COVID-19]. We
used the same search strategy in all databases. We used similar
filter strategies in each database, because not all databases offer
the same tools.

Study Selection Process
In accordance with the protocol by Kruse [18], we searched key
terms in all databases, filtered results, and screened abstracts
for applicability. Reviewers rejected articles if they did not
produce results (were not research), such as protocols, opinions,
or did not address physician burnout and use of the EHR.

Data Collection Process
We used an Excel spreadsheet as a data extraction tool,
collecting additional data at each step of the process. This
spreadsheet was standardized in the protocol by Kruse [18]. We
used a series of 3 consensus meetings. The first consensus
meeting was held after abstract screening. Subsequent consensus
meetings identified observations and themes.

Data Items
In accordance with the protocol by Kruse [18], we collected the
following fields of data at each step: PICOS (participants,
intervention, results compared to the control group, health
outcomes, study design), bias, effect size, country of origin,
statistics used, strength of evidence, quality of evidence, and 3
data fields specific to the objective of this systematic review
(patient satisfaction, barriers, and facilitators). Data items and
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observations became the subject of the second and third
consensus meetings.

Risk of Bias Assessment and Reporting
We observed bias and assessed the quality of each study using
the Johns Hopkins Nursing tool for Evidence Based Practice
(JHNEBP) [20]. We considered the instances of bias in how to
interpret the results because bias can limit external validity.

Effect Measures
Because we accepted mixed methods and qualitative studies,
we were unable to standardize summary measures as would be
performed in a meta-analysis. Effect size was not reported in
any study of the group for analysis.

Synthesis Methods
During the screening process, reviewers compared elements of
the abstract against the objective statement of this review.
Article abstracts that matched our objective statement were
marked for inclusion. The rest of this subheading is for

meta-analyses—not for systematic reviews. Although the
protocol by Kruse [18] for conducting a systematic review uses
elements of a meta-analysis, it falls short of this standard.

Additional Analyses
We performed a narrative analysis of the observations to convert
them into themes (common threads between articles) [21]. We
calculated a frequency of occurrence and reported these in a
series of affinity matrices. This technique does not imply a level
of importance of these observations, but instead, it simply
illustrates the probability of occurrence of these observations
across the group for analysis.

Results

Study Selection
Figure 1 illustrates our study selection process from the 4
databases and 1 targeted journal search. A kappa statistic was
calculated based on levels of agreement between reviewers
(k=0.64, moderate agreement) [22,23].

Figure 1. Study selection process. JMIR: Journal of Medical Internet Research; WoS: Web of Science.

Study Characteristics
In accordance with PRISMA 2020, a PICOS table was created
from the group of articles analyzed (see Table 1). Of the 25
articles analyzed over the 5-year period, 100% of the participants
were adult physicians, and all studies used the EHR as at least
one of their foci in their study. Interventions ranged from using

the EHR to implementing EHR training or physician partners
or scribes. Results varied across studies. Many researchers found
training, education, scribes, or physician partners significantly
reduced symptoms of physician burnout. Additional explanation
of these results will be provided below. Interventions to reduce
physician burnout noted improvements in physical pain and
psychological outlook. More than half (13/25, 52%) of the study
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designs were qualitative in nature. Studies are ordered as most
recent to oldest: 2021 (n=2) [24,25], 2020 (n=4) [11,26-28],
2019 (n=6) [29-34], 2018 (n=8) [35-42], 2017 (n=2) [43,44],
and 2016 (n=2) [45,46].

The 25 studies examined physician burnout with some
intervention of the EHR before and during the COVID-19
pandemic. Of the 25 studies, 13 (52%) were qualitative studies,
4 (16%) were mixed methods, 2 sets of 2 (16%) were pre-post
or observational, and 3 individual studies (12%) were

cross-sectional, cohort, or a meta-analysis. Either scribes or
physician partners to enter data into the EHR during the
encounter were used in 2 studies [40,46]. This intervention
resulted in a decrease in symptoms of physician burnout with
zero effect on patient satisfaction. EHR training or a sprint
improvement process (customizing local tools) was used by 2
studies to help physicians become more efficient with the EHR
[33,41]. These studies also saw a decrease in symptoms of
physician burnout with zero effect on patient satisfaction.
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Table 1. PICOS (participants, intervention, results [compared with a control], outcome, and study design) characteristics of the included studies.

Study designMedical out-
come themes

Result themesInterventionParticipantsAuthors

QualitativeNone reportedLow frequency of exercise, comor-
bidities, high-quality hospital has

EHRbAdult health care professionals in the

ICUa (1122 or 46.54% doctors, 1289
or 53.46% nurses)

Hu et al [24]

high expectations, more night shifts,
longer on the job, few paid vaca-
tions

QualitativeNone reportedLong hours or workload, no time for
themselves, poor work-life balance,

EHRAdult health care professionals in pedi-
atrics (68% male, 84% White, 42-60
years old)

Rialon et al [25]

loss of autonomy, poor relationships
with colleagues

QualitativeNone reportedRadiologists more likely to report
symptoms of burnout

EHRAdult nonradiologists and radiologistsGiess et al [27]

QualitativeNone reportedWomen at higher risk of burnout
and more likely to report suicidal

EHRAdult health care professionals (41,
50.6% identified as male; 39, 48.1%

Kinslow et al
[28]

ideations, poor work-life balance,identified as female; 1, 1.2% preferred
long hours or workload, community-not to answer; 62, 76.5% reported be-
affiliated residents more likely to
report suicidal ideation

ing a resident in a community teaching
hospital; 19, 23.5% reported being a
resident in a university hospital

ObservationalNone reportedLong hours or workloadEHRAdult family medicine trainees (post-
graduate years 1 through 3) and 10

Anderson et al
[26]

family medicine faculty at the Univer-
sity of Arizona College of Medicine-
Phoenix Family Medicine Residency

Cross-sectionalPhysical fa-
tigue, cognitive
weariness

Cognitive fatigue, design issuesEHRAdult physicians completing an EHR
simulation activity, 52% female, mean
age 33.2 years

Khairat et al
[11]

QualitativeNone reportedMessage complexity, design issues,
cognitive fatigue, poor relationships
with colleagues, message content

EHRAdult physicians (68% primary care
physicians, 32% specialists) at 6 large
health care organizations using 4 differ-
ent EHR systems

Murphy et al
[31]

QualitativeNone reportedLong hours or workload, poor work-
life balance

EHRAdult faculty physicians at 10 universi-
ty-affiliated primary care clinics; sur-
vey sent to 190 faculty members and

Tran et al [34]

completed by 107 (56%) providers (86
physicians [MD/DO], 19 advanced
practice providers [NP/PA], 2 providers
who declined to answer the question);
women = approximately two-thirds of
the survey respondents; majority of the
providers trained in family medicine
(57%), internal medicine (27%), or pe-
diatrics (18%)

QualitativeWork stressEHR-related or work-related stressEHRAdult practicing physicians in Rhode
Island

Gardner et al
[29]

QualitativePosture, back
pain

Design issues, lack of interoperabil-
ity, poor work-life balance, seated
position caused problems with back
or wrist pain and posture

EHRAdult ambulatory primary care and
subspecialty clinicians from 3 institu-
tions (85.5% physicians, 56.7% wom-
en, 68.4% worked in primary care)

Kroth et al [30]

Pre-postNone reportedLong hours or workloadEHR Sprint
process im-
provement

Adult clinicians in endocrinology,
neurology, hematology, obstetrics, and
gynecology as well as advanced prac-
tice providers

Sieja et al [33]

Mixed methodsNone reportedDesign issuesEHRAdult physicians with an EHRQuinn et al [32]

Mixed methodsNone reportedEHR improves quality and safety,
readability, clinical workflow, and

EHR trainingAdult physicians from 30 specialties
completing a total of 46 trainings from
2014 to 2016

Robinson and
Kersey [41]

accuracy of documentation; efficien-
cy gains with training; system speed
and reliability issues
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Study designMedical out-
come themes

Result themesInterventionParticipantsAuthors

Pre-postNone reportedLong hours or workloadScribes to assist
with EHR
workload

Adult faculty and a convenience sample
(n=325) of their patients at an academic
clinic (of patients: 69% Black, 65%
female, 48% >65 years old); 373 pa-
tients completed surveys; 48 (13%)
excluded due to incomplete data, and
325 analyzed (166 scribed and 159
nonscribed visits; Figure 1)

Pozdnyakova et
al [40]

Meta-analysisNone reportedTime spent in EHR affects patient
satisfaction

EHRAdult physicians of internal medicine,
cardiology, and gastroenterology

Marmor et al
[39]

QualitativeNone reportedEHR improves clinical workflow,
door-to-doctor and time to decision,
and quality and safety

EHRAdult physicians at 2 urban emergency
departments

Denton et al
[35]

QualitativeEye strain, hand
or wrist pain,
back pain

Long hours or workload, EHR-relat-
ed or work-related stress, poor
work-life balance

EHRAdult clinicians from 2 focus groups
at 3 health care facilities with different
EHRs (71% women, 98% physicians,
73% worked in primary care for an av-
erage of 11 years)

Kroth et al [38]

QualitativeNone reportedLoss of autonomy, poor relation-
ships with colleagues, loss of auton-
omy, poor work-life balance

EHRAdult member and nonmember physi-
cians practicing in Wisconsin whose
email address is listed in the Wisconsin
Medical Society’s database

Hauer et al [36]

ObservationalNone reportedLong hours or workloadEHRAdult family physician attendings, res-
idents, and their ambulatory patients in
982 visits in clinics affiliated with 10
residencies of the Residency Research
Network of Texas

Young et al
[42]

Mixed methodsNone reportedDesign issues, long hours or work-
load, system speed or reliability is-
sues

EHRAdult ED physicians at a large tertiary
academic hospital, 50% female, 43%
residents, 57% attendings

Khairat et al
[37]

CohortNone reportedLong hours or workloadEHRAdult family medicine physicians in a
single system in southern Wisconsin
(100% Epic users; 43% female)

Arndt et al [47]

QualitativeNone reportedDesign issuesEHRAdult workforce at 15 ambulatory
hospitals (67% female, 75.05% with at
least a BSc degree, 45.5% with age of
31-41 years, 46.67% employed <15
years)

Shahmoradi et
al [44]

Mixed methodsPhysical fa-
tigue, cognitive
weariness

Alert fatigue, cognitive fatigueEHR alertsAdult primary care physicians at a large
medical center

Gregory et al
[43]

QualitativeNone reportedLong hours or workload, longer on
the job

EHRAdult physiciansJamoom et al
[45]

True experi-
ment

None reportedScribes or physician partners can
decrease symptoms of burnout.

Physician part-
ners to help
with EHR
workload

Adult physicians were surveyed, includ-
ing the pilot physicians and others who
had experienced ≥1 session with a
physician partner

Reuben et al
[46]

aICU: intensive care unit.
bEHR: electronic health record.

Risk of Bias Within and Across Studies
The JHNEBP quality assessment tool was used to identify the
strength and quality of evidence in the literature. These are
illustrated in Table 2. Of the articles, 80% (20/25) had a strength
of III, and 88% (22/25) were quality B. This means a vast
majority of articles were qualitative, mixed methods,
nonexperimental, or quasi-experimental in nature, but their

quality was still strong. Regarding the strength of evidence,
level I studies were randomized controlled trials or true
experiments. Level II studies were quasi-experimental in nature
(no randomization). Level III studies were nonexperimental
studies or qualitative studies. We did not accept any studies
with a strength of evidence lower than III because these
categories are opinion rather than research. Regarding the
distribution of the 3 levels of evidence quality, in quality
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category A, research shows consistent results with sufficient
sample sizes, adequate controls, and definitive conclusions. In
quality category B, research shows reasonably consistent results,

sufficient sample sizes, some control, and fairly definitive
conclusions. As illustrated, we did not encounter any studies
with a quality rating of C.

Table 2. Summary of strength and quality of evidence identified with the Johns Hopkins Nursing tool for Evidence Based Practice (JHNEBP; n=25).

Frequency, nAssessment

Strength of evidence

2I

3II

20III

Quality of evidence

3A

22B

0C

Results of Individual Studies
Reviewers independently recorded observations for each article
commensurate with the objective statement. A thematic analysis
was conducted to make sense of the data. When an observation
was identified more than once, it became a theme. Themes were
created to summarize the observations, but they did not always
exactly match the observations. These themes can be observed
in Table 3. Articles are sorted by most recent to oldest.
Multimedia Appendix 1 and Multimedia Appendix 2 show the

observation-to-theme match. Multimedia Appendix 3 shows
additional data extracted from each study.

Reviewers conducted a thematic or narrative analysis. Part of
this analysis was making sense of the data. When an observation
reoccurred, it became a theme. Observations without
reoccurrence were just observations. Patient satisfaction,
barriers, and facilitators were explored under additional analysis.
Scribes and physician partners were used in 3 studies to enter
data into the EHR during an appointment, but only 2 of the
studies reported on patient satisfaction outcomes.
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Table 3. Summary of the analysis, sorted most recent to oldest.

Facilitator themesBarrier themesPatient satisfaction themesAuthors

Exercise relieves symptoms of
burnout; annual vacation relieves
symptoms of burnout.

Not reportedEHRa time in clinic negatively af-
fects patient satisfaction; patient
dissatisfaction negatively affects

Hu et al [24]

doctor-patient relationship; patient
dissatisfaction negatively affects
physician burnout.

Focus on mission of care relieves
symptoms of burnout.

Excessive hours spent in the EHR affect work-life balance,
excessive hours spent in the EHR exacerbates symptoms
of physician burnout, administrative time in the EHR takes
time away from clinic and patients.

Not reportedRialon et al [25]

Not reportedEHR does not help coordinate care.Not reportedGiess et al [27]

Small group sessionsExcessive hours spent in the EHR exacerbate symptoms
of physician burnout.

Not reportedKinslow et al
[28]

Not reportedExcessive hours spent in the EHR exacerbate symptoms
of physician burnout.

Not reportedAnderson et al
[26]

Not reportedEHR must undergo redesign, high number of clicks per
process is inefficient.

Not reportedKhairat et al
[11]

Local customization (eg, tem-
plates, menus) improves efficien-

The administrative overhead of the EHR is not conducive
to efficient workflow, excessive hours spent in the EHR

Not reportedMurphy et al
[31]

cy, localized workflow redesign
relieves symptoms of burnout.

affect work-life balance, administrative overhead of the
EHR is not conducive to efficient workflow.

Not reportedExcessive hours spent in the EHR exacerbate symptoms
of physician burnout.

Not reportedTran et al [34]

Not reportedAdministrative time in the EHR takes time away from
clinic and patients, excessive hours spent in the EHR affect
work-life balance.

Not reportedGardner et al
[29]

Not reportedEHR must undergo redesign, excessive hours spent in the
EHR exacerbate symptoms of physician burnout, high

Not reportedKroth et al [30]

number of clicks per process is inefficient, administrative
time in the EHR takes time away from clinic and patients,
excessive hours spent in the EHR affect work-life balance.

Local customization (eg, tem-
plates, menus) improves efficien-
cy.

Administrative overhead of the EHR is not conducive to
efficient workflow.

Not reportedSieja et al [33]

Training increases efficiency.EHR reliability and speed, some patient information is not
available due to lack of interoperability, EHR must undergo
redesign.

Not reportedQuinn et al [32]

Institutional endorsement of
EHR increases user acceptance

EHR training takes time away from the clinic.Not reportedRobinson and
Kersey [41]

of EHR, training increases effi-
ciency.

Presence of scribe or physician
partner relieves symptoms of

Some patients do not like scribes or physician partners in
the exam room, excessive hours spent in the EHR exacer-
bate symptoms of physician burnout.

Patient satisfaction not affected by
scribe or physician partner in clinic
during exam

Pozdnyakova et
al [40]

burnout, localized workflow re-
design relieves symptoms of
burnout.

Localized workflow redesign re-
lieves symptoms of burnout.

Excessive hours spent in the EHR exacerbate symptoms
of physician burnout.

Time of day affects patient satisfac-
tion more than time spent with pa-
tient.

Marmor et al
[39]

EHR increases safety, decreases
admission decision time, and de-
creases length of stay.

EHR must undergo redesign, high number of clicks per
process is inefficient, administrative overhead of the EHR
is not conducive to efficient workflow.

Not reportedDenton et al
[35]

Training increases efficiency,
presence of scribe or physician

EHR must undergo redesign, EHR reliability and speed,
some patient information is not available due to lack of

Not reportedKroth et al [38]

partner relieves symptoms of
burnout.

interoperability, administrative overhead of the EHR is not
conducive to efficient workflow.
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Facilitator themesBarrier themesPatient satisfaction themesAuthors

Not reportedEHR must undergo redesign, lack of supporting practice
environment, EHR creates a loss of autonomy, excessive
hours spent in the EHR affects work-life balance.

Not reportedHauer et al [36]

Not reportedAdministrative time in the EHR takes time away from
clinic and patients.

Not reportedYoung et al
[42]

Not reportedEHR must undergo redesign, EHR reliability and speed.Not reportedKhairat et al
[37]

Not reportedEHR must undergo redesign, excessive hours spent in the
EHR affect work-life balance, administrative overhead of
the EHR is not conducive to efficient workflow.

Not reportedArndt et al [47]

EHR enables rapid access to in-
formation, decreases duplicate
testing, increases speed of deliv-
ery of care, increases accuracy
of documentation, increases
safety, enables computerized
analysis and interpretation of da-
ta.

EHR reliability and speed, excessive hours spent in the
EHR exacerbate symptoms of physician burnout, some
patient information is not available due to lack of interop-
erability, administrative overhead of the EHR is not con-
ducive to efficient workflow, EHR investment inhibits
short-term profit, EHR must undergo redesign, no standard-
ized vocabulary.

Not reportedShahmoradi et
al [44]

Not reportedEHR must undergo redesign, administrative overhead of
the EHR is not conducive to efficient workflow.

Not reportedGregory et al
[43]

Level of physician experience
with EHR increases perceived
usefulness of EHR

Not reportedNot reportedJamoom et al
[45]

Presence of scribe or physician
partner relieves symptoms of
burnout.

Scribes or physician partners cost more money.Patient satisfaction not affected by
scribe or physician partner in clinic
during exam

Reuben et al
[46]

aEHR: electronic health record.

Additional Analysis
Themes and individual observations were organized into tables
to reflect the probability of their occurrence in the group for
analysis. These affinity matrices are shown and discussed in
the following sections. In the interest of saving space, only those
with the greatest number of occurrences will be discussed in
detail.

Study Results
Table 4 summarizes the study results observed: 12 themes and
20 individual observations were identified by the reviewers for
a total of 68 occurrences in the literature.

Of 68 occurrences, 13 (19%) identified longer hours worked
and increased workload as a result of using the EHR.
Researchers noted respondents to surveys worked 60-80 hours
per week: The extra time was largely attributed to the EHR
[25,45]. Physicians spent between 17 minutes and 217 minutes
per patient in the EHR, resulting in up to 33 hours per month
in the EHR after work hours: These longer hours were highly
attributable to symptoms of burnout [26,34]. The nonintuitive
nature of the EHR negatively impacted efficiency and
contributed to the longer hours [37]. This point leads to the next
item most often cited: design issues. This point occurred in 7
of 68 (10%) occurrences. Observations about design were
attributed to the user interface, the long length of cut-and-paste

notes required, communication and inefficient data-sharing
processes, and the requirement to memorize menu and button
names [11,30-32,37,44]. The long hours spent in the EHR
created a poor work-life balance [25,28,30,34,36,38]. This point
occurred in 6 of 68 (9%) occurrences. Many providers felt
compelled to complete administrative work in the EHR from
home so that they could at least be near their families while
completing their workload, but this habit created tension in the
household and overall impeded attempts at work-life balance.
Four themes occurred 3 times (12%): EHR improves quality
and safety [35,41], a general loss of autonomy [25,36], poor
relationships with colleagues [25,31,36], and cognitive fatigue
[11,31,43]. The increase in quality and safety appeared in the
form of greater readability of notes, increased accuracy of
clinician notes, a decrease in medical errors, increased clinical
efficiency, and ease of data retrieval. Loss of autonomy occurred
in the literature as a general lack of control over one’s schedule.
Poor relationships with colleagues occurred as lack of team
communication, lack of supportive practice environment, and
lack of time available in the clinic to build relationships.
Cognitive fatigue was only subjectively queried in 1 of the 3
studies: The other 2 were objectively measured as pupillometry
and a cognitive weariness index. These themes comprised 60%
of the observations. Some of these themes will appear again as
either facilitators or barriers to the use of the EHR to decrease
physician burnout.
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Table 4. Study results affinity matrix.

Frequency, nReference(s)Study result themes or observations

13[25,26,28,33,34,37,38,40,42,45,47]Long hours or workload

7[11,30-32,37,44]Design issues

6[25,28,30,34,36,38]Poor work-life balance

3[35,41]bEHRa improves quality and safety

3[25,36]bLoss of autonomy

3[25,31,36]Poor relationships with colleagues

3[11,31,43]Cognitive fatigue

2[29,38]EHR-related or work-related stress

2[41]bEfficiency gains with training

2[35,41]EHR improves clinical workflow

2[24,45]Longer on the job

2[11,41]System speed or reliability issues

1[41]EHR improves accuracy of documentation

1[41]EHR improves readability

1[28]Women more likely to report suicidal ideations

1[24]High-quality hospital has high expectations

1[43]Alert fatigue

1[28]Community-affiliated residents more likely to report suicidal ideations

1[24]Comorbidities

1[35]EHR improves door-to-doctor and time to decision

1[28]Women at a higher risk of burnout

1[24]Few paid vacations

1[30]Lack of interoperability

1[24]Low frequency of exercise

1[31]Message complexity

1[31]Message content

1[24]More night shifts

1[25]No time for themselves

1[27]Radiologists more likely to report symptoms of burnout

1[46]Scribes or physician partners can decrease symptoms of burnout

1[30]Seated position causes problems with back or wrist pain and posture

1[39]Time spent in EHR affects patient satisfaction

aEHR: electronic health record.
bMultiple occurrences observed in one study.

Medical Outcomes Identified With the EHR and
Physician Burnout
Table 5 summarizes the medical outcomes observed: 3 themes
and 4 individual observations were identified by the reviewers
for a total of 10 occurrences in the literature. Of the 25 articles,

20 (80%) did not report medical outcomes. Back pain [30,38],
physical fatigue [11,43], and cognitive weariness [11,43] were
each mentioned 2 times out of 10 observations (60%). The other
medical outcomes were eye strain, work stress, hand or wrist
pain, and posture [29,30,38].
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Table 5. Medical outcomes identified with the electronic health record (EHR) and physician burnout.

Frequency, nReference(s)Medical outcome theme or observation

2[30,38]Back pain

2[11,43]Physical fatigue

2[11,43]Cognitive weariness

1[38]Eye strain

1[29]Work stress

1[38]Hand or wrist pain

1[30]Posture

20[24-28,31-37,39-42,44-47]None reported

Patient Satisfaction Impact of EHR
This section is not entirely logical. When we designed this study,
we assumed we would find more experiments. We expected to
find experiments with and without the presence of the EHR or
experiments with control groups to objectively measure
interventions to improve physician burnout incident to the EHR.
The results of the study searches did not identify any true
experiments. There were only 2 pre-post studies. The only
experiments identified used training or scribes to help improve
physician burnout. Table 6 identifies these as well as all
mentions of patient satisfaction in the group of articles analyzed.

Although patients did not prefer a scribe in the room during an
exam, their presence did not negatively affect patient satisfaction
in a statistically significant manner [40,46]. Only 2 other articles
mentioned patient satisfaction. One article mentioned that time
in the EHR negatively affects patient satisfaction, and this
negatively affects both symptoms of physician burnout and the
doctor-patient relationship [24]. The other article identified the
time of day the physician is in the EHR during clinic time has
a greater effect on patient satisfaction than the amount of time
spent with patients [39].

Table 6. Patient satisfaction impact of the electronic health record (EHR) and efforts to improve physician burnout.

Frequency, nReference(s)Patient satisfaction theme or observation

2[40,46]Patient satisfaction not affected by scribe or physician partner in clinic during exam

1[24]EHR time in clinic negatively affects patient satisfaction

1[39]Time of day affects patient satisfaction more than time spent with patient

1[24]Patient dissatisfaction negatively affects physician burnout

1[24]Patient dissatisfaction negatively affects doctor-patient relationship

21[11,25-38,41-45,47]Not reported

Barriers Identified With the EHR and Physician
Burnout
Table 7 summarizes the barriers incident to using the EHR to
mitigate symptoms of physician burnout. The reviewers
identified 8 themes and 8 individual observations, for a total of
56 occurrences in the literature; 2 articles did not identify
barriers [24,45].

The theme of “EHR must undergo a redesign” occurred in 12
of 58 occurrences (21%) [11,30,32,35-38,43,44,47]. Researchers
echoed their participants’ pleas to improve the design of the
EHR; to reduce task repetition, screen clutter, number of clicks
per task, and inefficient interfaces; improve the workflow; and
reduce unnecessary searching and inefficient data entry. The
inefficiencies take time away from patients and make the day
longer for the provider, which impacts work-life balance. The
inefficiencies lead to “excessive hours spent in the EHR, which
exacerbate symptoms of physician burnout.” This theme
occurred in 8 of 58 occurrences (14%)
[25,26,28,30,34,39,40,44]. The administrative overhead

associated with the EHR creates inefficiencies in the standard
workflow of seeing patients. This theme occurred also occurred
in 8 of 58 occurrences (14%) [31,33,35,38,43,44,47]. Examples
of inefficiencies were excessive data entry, illogical workflow,
high number of clicks per task, and multiple screens. These
inefficiencies lead to excessive hours spent in the EHR, which
adversely affects work-life balance and adds to daily frustration
levels. This theme occurred in 6 of 58 occurrences (11%)
[25,29-31,36,47]. To add to the inefficiencies, providers noted
a level of frustration at the speed and reliability issues associated
with the EHR [32,37,38,44]. Participants noted communication
technologies and data-sharing processes that are cumbersome
and counterproductive, unpredictable system response times,
and lack of hardware and infrastructure to make the EHR faster
and more reliable. On the topic of administrative time in the
EHR, participants noted that administrative time in the EHR
takes time away from the clinic and patients. This theme
occurred 4 out of 58 occurrences (7%) [25,29,30,42]. Some of
the inefficiencies highlighted by providers were that some
patient information is not available due to lack of
interoperability. This theme occurred in 3 of 58 occurrences
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(5%) [32,38,44]. This lack of availability creates data overload,
which complicates data integration efforts. It often prevents
linking to legacy systems, and it creates barriers with data
sharing between organizations. Inefficiencies like number of
clicks per process encumber efficient workflows. This theme
also occurred in 3 of 58 occurrences (5%) [11,30,35]. As
mentioned in the table for general results, 2 studies noted that
EHR users felt a loss of autonomy [25,36]. Other observations
only occurred once in the literature [27,36,40,41,44,46]. One
study noted that the EHR does not coordinate care [27]. A study

that used scribes or physician partners to enter data into the
EHR during the exam noted that patients do not like this practice
[40]. Another study that used scribes in the exam room noted
the cost to the organization for this practice [40]. A study that
used training to improve provider efficiency noted this training
takes time away from the clinic [41]. One study noted a lack of
support by the organization for EHR tools and efficiency [36].
Another study noted that the EHR does not have a standard
vocabulary [44].

Table 7. Barriers to the electronic health record (EHR) and physician burnout.

Frequency, nReference(s)Barrier theme or observation

12[11,30,32,35-38,43,44,47]aEHR must undergo redesign

8[25,26,28,30,34,39,40,44]Excessive hours spent in the EHR exacerbate symptoms of physician burnout

8[31,33,35,38,43,44,47]aThe administrative overhead of the EHR is not conducive to efficient workflow

6[25,29-31,36,47]Excessive hours spent in the EHR affect work-life balance

4[32,37,38,44]EHR reliability and speed

4[25,29,30,42]Administrative time in the EHR takes time away from clinic and patients

3[32,38,44]Some patient information is not available due to lack of interoperability

3[11,30,35]High number of clicks per process is inefficient

2[25,36]EHR creates a loss of autonomy

1[27]EHR does not help coordinate care

1[40]Some patients do not like scribes or physician partners in the exam room

1[41]EHR training takes time away from clinic

1[46]Scribes or physician partners cost more money

1[36]Lack of supporting practice environment

1[44]No standardized vocabulary

1[44]EHR investment inhibits short-term profit

2[24,45]Not reported

aMultiple occurrences observed in one study.

Facilitators Identified With the EHR and Physician
Burnout
Table 8 summarizes the facilitators incident to using the EHR
to mitigate symptoms of physician burnout: 6 themes and 12
individual observations were identified by the reviewers for a
total of 27 occurrences in the literature. Facilitators were not
identified in 11 articles [11,26,27,29,30,34,36,37,42,43,47].

The theme of “presence of a scribe or physician partner relieves
symptoms of burnout” occurred in 3 of 27 occurrences (11%)
[38,40,46]. Although this practice incurs a cost to the
organization, the use of either a scribe or a physician partner to
enter data into the EHR during the encounter enables the
physician to focus on the patient rather than negotiating the
EHR, and the scribe’s time entering data into the EHR can easily
be offset by a savings in provider administrative time later. This
practice decreases appointment time and enables the provider
to work a standard day instead of spending so much time after
clinic hours catching up with the administrative side of the day’s
encounters. Geriatrics practices that leveraged scribes in this

manner experienced an average of 4 minutes less per encounter
for an average of 48 minutes per 4-hour session. When the
administrative time after the encounter was accounted for, the
savings was 88 minutes per 4-hour session. Internal medicine
experienced a 2 minute per patient savings for a total of 92
minutes per 4-hour session, counting administrative time saved.
Another set of studies found training would increase physician
efficiency in the EHR. This theme also occurred in 3 of 27
occurrences (11%) [32,38,41]. Training decreased their
frustration with the system and shortened their work day. This
practice improved work-life balance and decreased symptoms
of burnout. A similar theme found localized workflow redesign
relieves symptoms of burnout. This theme also occurred in 3
of 27 occurrences (11%) [31,39,40]. The most common
workflow redesign was preparation for encounters, which also
increased patient satisfaction. Similar to training and workflow
redesign, it was discovered that customized templates also
increased efficiencies. This theme occurred in 2 of 27
occurrences (7%) [31,33]. This practice also increased accuracy
and completeness of documentation [44], which increases
quality of care. The theme “small group sessions” also occurred
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in 2 of 27 occurrences (7%) [28]. This theme focused on
development of young providers. This development focused on
emotional and professional development. These sessions also
helped establish rapport among providers. Two studies
highlighted how the EHR increases safety [35,44]. The
readability of orders and intelligence built into the system to
alert when doses are outside of a standard range increase safety
and decrease admission decision time and length of stay [35].
The other observations were only identified once
[11,24,25,28-32,34-38,41,43-45,47]. One study mentioned that,
although improving the EHR will help with the burden of care,
it also is important to schedule regular exercise to help providers
cope with the stress of care [24]. One study highlighted how a
focus on the mission of care, rather than the administration of
the encounter, decreases symptoms of burnout [25]. One study

highlighted the ability of the EHR to rapidly access patient data,
which saves the provider time searching through a paper record
[44]. Based on the conclusions of other studies, it is the process
of finding this information that is key. One study highlighted
the importance of provider experience (years as a provider and
years in the EHR) to appreciate the usefulness of this tool [45].
Institutional endorsement of the EHR is also important [41].
This is important because it increases user acceptance of the
system. A study in China found that providers who take their
annual vacation tended to report fewer symptoms of burnout
[24]. A study in Tehran identified the capability for the EHR
to enable computerized analysis; however, this capability should
be found easily rather than taking time to hunt for the feature
[44]. Through training programs and customization, the EHR
can increase the speed of delivery of care [44].

Table 8. Facilitators to the electronic health record (EHR) and physician burnout.

Frequency, nReference(s)Facilitator theme or observation

3[38,40,46]Presence of scribe or physician partner relieves symptoms of burnout

3[32,38,41]Training increases efficiency

3[31,39,40]Localized workflow redesign relieves symptoms of burnout

2[31,33]Local customization (eg, templates, menus) improves efficiency

2[28]aSmall group sessions

2[35,44]EHR increases safety

1[24]Exercise relieves symptoms of burnout

1[25]Focus on mission of care relieves symptoms of burnout

1[44]EHR enables rapid access to information

1[45]Level of physician experience with EHR increases perceived usefulness of EHR

1[41]Institutional endorsement of EHR increases user acceptance of EHR

1[24]Annual vacation relieves symptoms of burnout

1[35]EHR decreases admission decision time

1[35]EHR decreases length of stay

1[44]EHR decreases duplicate testing

1[44]EHR increases speed of delivery of care

1[44]EHR increases accuracy of documentation

1[44]EHR enables computerized analysis and interpretation of data

11[11,26,27,29,30,34,36,37,42,43,47]Not reported

aMultiple occurrences observed in one study.

Discussion

Summary of Evidence
The preponderance of evidence supports the claim that the EHR
needs an overall redesign to increase efficiency of providers.
However, very few empirical studies published in the studied
years could be found to measure the deficiencies. One study
measured pupillometry, one measured cognitive load, and
another measured cognitive weariness [11,31,43], but claims
of inefficiencies were largely the result of surveys. Clearly,
providers spend a great deal of time in the EHR managing the
administrative necessities of the system; however, studies with

training and local customization of templates and workflow
greatly improved efficiencies and decreased symptoms of
burnout [33,41]. The creative use of scribes and physician
partners to relieve providers of some of the real-time
documentation burden showed statistically significant
improvement in burnout symptoms, but they come at a price of
an increased cost to employ them and a slight decrease in patient
satisfaction (not statistically significant) [40,46].

From the practitioners’ points of view, they wanted to know
what factors remain in their sphere of influence to assuage the
effects of physician burnout. Factors associated with the EHR
cited in relation to physician burnout were usability, workflow,
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and documentation time [8-13]. Workflow can be redesigned
and customized to the user, and documentation can be performed
with the use of scribes or physician partners [40,46]. The
remaining factor was usability, which can only be managed in
a large redesign effort. Practitioners should focus on robust and
ongoing training, customization of local templates, and
workflow redesign. They should weigh the economics of scribes
or physician partners against the decrease in symptoms of
burnout. If increasing the prevalence of symptoms of burnout
increases physician turnover [2-4], certainly reducing symptoms
of burnout will decrease turnover. Some best practices identified
in the literature to reduce burnout were taking annual vacation
[24], focusing the organization on the mission of care rather
than the administration of it [25], scheduling small group
sessions to help emotionally equip young providers [28],
institutional endorsement of the EHR [41], and the use of regular
exercise to manage stress [24]. However, these techniques do
not improve the usability of the EHR, but they were identified
as practices to decrease the symptoms of burnout.

Future research should empirically measure the redesign factor
of usability. What aspects of usability can be improved? Are
navigation issues in the EHR specific to each vendor? Are there
best practices from one vendor that can be applied to other
vendors without infringing upon proprietary secrets? What

mental processes in the physician workflow can be directly
mapped into the menus of the EHR?

Limitations
A limitation to this review is the selection of 5 years. It was
originally assumed there would be a plethora of studies on the
topic of physician burnout incident to the EHR, but we found
a dearth of empirical studies on the topic. There were plenty of
opinion articles but very little empirical evidence. This review
could have been improved by expanding the time period to 10
years, but technology advances rapidly, and reconciling the
observations over a decade might have been counterproductive.

Conclusion
Although physician burnout incident to the EHR has been
documented, several best practices exist to overcome 2 of the
3 factors associated with the EHR: workload and documentation
time. The effect of these factors can be assuaged through
workload redesign, customized templates, training, and the use
of physician partners or scribes in the exam room. The third
factor of usability can only be overcome through a redesign of
the EHR. Practitioners should focus on the former factors, which
are within their sphere of control. EHR vendors should organize
empirical studies to identify targeted areas of improvement to
optimize the usability of the system.
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Abstract

Social media influencers are becoming an increasingly popular strategic communication tactic used across industry verticals,
including entertainment, fashion, and beauty, to engage directly with consumers. Pharmaceutical companies have also recently
entered the social media marketing arena and—within the bounds of governmental regulations—have found ways to build
relationships directly with patients using covert persuasion tactics like partnering with social media influencers. Due to consumers’
negative perceptions of pharmaceutical companies, it makes sense that new marketing tactics are being used to establish and
improve relationships with consumers. Previous research well documents the ethical dilemmas of direct-to-consumer advertising,
and there is recent burgeoning literature on online covert marketing tactics. The academic and medical literature, however, is
behind in regard to social media influencers used in health and medicine. This paper highlights and defines terms used in industry
practice, and also calls for more investigation and sets forward a research agenda. As consumers spend more time online and
patients continue to consult social media for health information, it is important that this new marketing trend does not go unnoticed.

(J Med Internet Res 2022;24(3):e29422)   doi:10.2196/29422
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Background

Tasked with research and development, pharmaceutical
companies aid in the worldwide prevention and treatment of
illness and disease; these companies encounter fierce
competition and (usually) work within the bounds of government
regulations [1]. Pharmaceutical companies set aside a portion
of their budgets for research and development but over time the
amount spent on direct-to-consumer marketing has surpassed
research and development [2]. Direct-to-consumer
pharmaceutical marketing refers to the promotion of prescription
medications to consumers as patients, instead of targeting only
doctors [3]. Previous research purports that direct-to-consumer
marketing is effective [4,5], especially in encouraging consumers

to ask their doctors about specific medications. A survey by the
Kaiser Family Foundation shows that after talking to their
physician about a medicine they saw advertised, about 44% of
patients who requested the advertised medication were
ultimately prescribed this medication [6]. However, patient trust
in the pharmaceutical industry is extremely low—only 58% of
Americans trust pharmaceutical companies [7]. This poses a
challenge for pharmaceutical companies and their
direct-to-consumer marketing efforts.

Health care marketers are beginning to use the term patient
influencer to refer to those who promote pharmaceutical
medications and/or medical devices, allowing companies to
“leverage the patient experience and expertise in the design,
development and promotion of their products and services” [8].
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Due to consumers’ negative perceptions of pharmaceutical
companies, it makes sense that new tactics are being used to
establish and improve relationships with consumers. A recent
report by eMarketer noted that consumer response is highest
when messages are delivered from social media influencers
compared to brand-owned channels; further, content from
influencers is more effective at meeting communication goals
[9]. Pharmaceutical marketers’ entry into social media in
general, and influencer marketing in particular, presents both
opportunities and challenges relevant to the various stakeholders
involved. Little published research is available in this area,
despite the pharmaceutical industry’s increasing use of patient
influencers. There are different forms of patient influence, and
each involves patients in a different way. The purpose of this
viewpoint paper then is to simply raise awareness of influencer

marketing by pharmaceutical companies and generate research
and debate on the use of influencers in health care.

The following sections of this paper will explore the concepts
of expert patients, patient advocates, and digital opinion leaders.
Expert patients are far removed from pharmaceutical companies;
they exert influence on other patients via online health
communities [10,11]. A patient advocate is also active online,
but they influence other patients via their social media presence
and raise awareness about a particular disease or illness [12,13].
Some patient advocates are directly involved in promoting
pharmaceutical products. Some health care professionals are
also digital opinion leaders whose influence is due to their active
social media presence along with a reputation for being a leader
in their field [14,15]. Table 1 summarizes these key concepts.
Together, these different groups hold the potential to involve
and influence patients in health and medical decision-making.

Table 1. Key concepts.

ExplanationConcept

Patients who are actively involved in online communities and who share disease experiences, information, and
support with other patients and develop expertise in disease self-management.

Expert patient

Third-party users of social media who are vocal in raising awareness of illness and disease. They are a specialized
type of social media influencer and are recruited by pharmaceutical companies to participate in the development and
promotion of pharmaceutical products.

Patient advocate

Health care professionals with an active social media presence who are seen as leaders among their peers.Digital opinion leader

Online Communities and Expert Patients

Shared decision-making in health care requires collaboration
between patients and physicians; in reality, however, there are
many obstacles to patients collaborating with physicians,
including technology barriers, health literacy levels, and access
to health insurance [16]. Physicians’ time is also constrained;
a recent survey reported that 51% of physicians spend 9-16
minutes with patients [17], which could have an impact on
health outcomes [18-20]. Patients then often turn to the internet
and social media to fill the gaps in the health care system.

Online communities can be a source of health information and
peer empowerment for patients. Online communities are social
platforms where “people come together to get and give
information or support, or learn or to find company” [21]. A
study of an online community for patients with arthritis found
that members developed expertise in disease self-management
in part by modeling behaviors that were discussed in the
community [22]. By sharing disease experience, patients are
able to “crowdsource” answers to their current situation, and
“see” the outcome of different strategies through the shared
user-generated content [23]. A study by Fox, Ward, and
O’Rourke [24] found evidence to suggest that online
communities result in the development of expert patients. The
researchers found that active participants ultimately became
expert patients in the online community; they shared information
within the community and received valuable support from other
patients. Although these patients became experts, their expertise
was limited to the biomedical model that supports
pharmaceutical interventions. They did not become experts in
a wide range of approaches to weight loss [24]. Despite this

limitation, the authors suggest that informed patients are in turn
informed consumers who are engaging directly with providers
on health technologies as opposed to only indirectly through a
medical professional.

Research found that patients often join online communities in
search of information about disease treatment options, including
pharmaceutical medications [25-27]. For instance, a recent
content analysis (N=1960) of 4 online health communities found
that medication (N=568) is one of the most popular topics
discussed by members [28]; medication adherence is discussed
in terms of the presence of disease symptoms, and members
share their experiences with specific medications, focusing on
the specific barriers to adherence (eg, cost, side effects) [29].
The number of online health communities has rapidly increased
as more patients desire to access alternate sources of information
as well as connect with other patients with the same illness or
disease [30,31]. Although previous research notes that online
health education programs about chronic disease
self-management positively impact participants’health outcomes
[32,33], scant research studies the health effects of online
peer-to-peer communities and the influence of user-generated
content on health attitudes and behaviors.

Social Media Influencers

Recent marketing efforts by pharmaceutical companies have
focused on digital advertising and engagement tactics to connect
with patients and build relationships [34]. In fact, pharmaceutical
companies are using digital data analytics to formulate target
audience profiles and direct-to-consumer marketing strategies
that take a holistic approach and consider patients’ overall
lifestyle preferences and their well-being, not only the disease
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diagnosis [35]. This new focus describes pharmaceutical
companies’ efforts in relationship marketing, using social
platforms to speak with patients and learn about their preferences
[36]. Relationship marketing draws from the practice of public
relations and attempts to foster customer loyalty and long-term
retention.

The pop culture term influencer refers to a brand’s
commercialization of the relationship between an influential
social media user and his or her followers [37]. Social media
influencers can be defined as “third-party users of social media
who have achieved micro-celebrity status in the form of large
followings on social media platforms and who have a position
of influence on their audience” [38]. From a strategic
communication perspective, social media influencers are actors
who influence “organizational stakeholders through content
production, content distribution, interaction, and personal
appearance on the social web” [39]. The relationship between
an influencer and his or her followers is fundamental to a brand’s
success because it should drive positive word-of-mouth and
purchase intentions [40]. eMarketer reported that more than
two-thirds of North American retailers use some form of
influencer marketing [41]. Brands are not just selling products
but entire lifestyles, employing social media influencers to build
trust through authentic, curated content. Followers perceive
influencers as being knowledgeable experts on specific topics,
with relevant sources for information and support for their
opinions and behaviors [42].

Influencers may or may not have demographics and
psychographics that are similar to those of the consumer, but
they are similar to the consumer in that they share a common
interest in the topic of the group [43]. Influencers are chosen to
represent a brand for a number of reasons, including industry
popularity [44], quality of social media content [45], experience
with brand partnerships [46], and audience demographics [47].
Choosing an influencer is part of a larger marketing strategy
that usually supports campaign goals and broader
communication objectives [48].

Pharmaceutical Influencers: Patients,
Advocates, and Opinion Leaders

In direct-to-consumer pharmaceutical marketing, it can be risky
for brands to activate paid social media influencers for a number
of reasons: navigating Food and Drug Administration (FDA)
and Federal Trade Commission (FTC) regulations, concerns
about authenticity, and managing consumer engagement [49-52].
Kim Kardashian’s endorsement of Diclegis, a medication to
treat morning sickness, is a prime example of the risks inherent
in celebrity influencers partnering with pharmaceutical
companies. In 2015, Kardashian and Duchesnay, the drug
manufacturer, were found to have violated FDA regulations by
not properly disclosing the risks and side effects of the drug in
Kardashian’s Instagram post about how the drug helped her
combat morning sickness during her pregnancy [53,54]. Rather
than continuing to pursue partnerships with celebrity influencers,
pharmaceutical marketers have instead turned to health and
medical opinion leaders as well as patient advocates. Typically,
patient advocates are active on social media, tend to raise

awareness of illness and disease, and are considered micro- or
nano-influencers. These types of influencers typically have a
smaller number of followers but cultivate more targeted
communities, generating higher engagement rates and building
stronger relationships with stakeholders than celebrity
influencers [55]. Pharmaceutical brands are beginning to opt
for micro- and nano-influencers who have very specific
audiences that may be primed for health messaging. A recent
article in Vox described the value of patients to pharmaceutical
marketers in building brands [56]. Lived experience is something
that patients have in common with each other, and cannot be
replicated; thus, patient influencers are simply commercializing
their lived health experience. Patient influencers used in this
way attempt to create an emotional linkage with followers by
sharing strategic and curated pieces of their illness and disease
experience.

According to a recent comprehensive review of medical
marketing expenditures in the United States, pharmaceutical
companies spend nearly 70% of their promotional budgets
marketing to health care professionals, or just over US $20
billion in 2016 [57]. These marketing activities include
prescriber detailing, free samples, direct physician payments,
and disease education. A substantial portion of the direct
payments goes toward sponsoring key opinion leaders [58].
Physicians have long been influencing other physicians by
giving keynote speeches and lectures at educational events and
serving as product champions or product endorsers for
pharmaceutical companies [59]. The industry now also recruits
physicians who are digital opinion leaders; that is, health care
professionals with an active social media presence who are seen
as leaders among their peers, but who might have different
characteristics than traditional key opinion leaders [58].
Pharmaceutical marketers are beginning to use the term
influencer to describe this type of opinion leader. Online
marketing services like Klear compile lists of the top physician
influencers across social media platforms [60].

Blurred Lines: Patient Empowerment or
Patient Deception?

Noticeably absent from the literature is the role advertising and
marketing agencies play in relationship marketing and the use
of influencers to promote pharmaceutical brands. Patient
advocates self-select to engage in pharmaceutical marketing
efforts and are supplied with promotional collateral to share
with their followers so that their persuasive messaging stays
within the boundaries of disease awareness—the type of
direct-to-consumer advertising permitted by regulating
government agencies. However, little is published about this
phenomenon. Sites like WEGO Health are actively recruiting
patients as social media influencers or patient advocates so as
to connect pharmaceutical companies and other health and
medical brands with patients to commercialize their lived disease
experience [8].
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Research Agenda and Conclusion

Overview
No known academic research is published on pharmaceutical
influencer marketing. There are some industry papers on the
topic [61-63]. Although industry practice moves quickly, most
details of the relationship between pharmaceutical companies
and advertising agencies or digital marketing companies are
protected by intellectual property laws and nondisclosure
agreements. Our purpose here is to suggest a research agenda.
We argue that it is a distinct possibility that pharmaceutical
companies could look next to online patient communities. What
would happen if they partnered with online communities already
successful at encouraging patient expertise? Although marketers
might argue that this type of direct-to-consumer marketing is
beneficial to creating empowered and informed patients, more
research needs to be done to better understand this increasingly
popular industry practice. Investigation needs to be conducted
in the areas of patient influencers and patient advocates on social
media and how these opinion leaders are being used in health
care marketing.

To advance knowledge in this area, we propose the following
research questions for investigation and intellectual debate.

Research Question 1: Are the Ethical Issues the Same
for Influencer Marketing as Traditional
Direct-to-Consumer Advertising Channels?
The debate on the risks and benefits of pharmaceutical
direct-to-consumer advertising is complex; it is worth noting,
however, that various studies of online drug advertisements
have shown that in some cases suspect claims are made and in
general the ads tend to overemphasize the benefits of the drug
[64,65]. Direct-to-consumer advertising may also create a
preference among consumers for recently launched
pharmaceutical drugs over more established treatments because
of heavy advertising campaigns; this can lead the market to
concentrate only on newer products, excluding older, traditional
options [66,67].

When pharmaceutical companies recruit patient advocates as
influencers, they are in essence adapting the opinion leader
strategy that has proved very successful for them with physicians
to a new target market, much the same way they did with
direct-to-consumer advertising. Similar concerns could also be
raised with the practice of targeting consumers with a new type
of marketing strategy as opposed to targeting physicians.
Physicians possess many years of medical education and training
that afford them expert knowledge when they are the target of
persuasion tactics. They can draw on their high levels of topic
knowledge in addition to their knowledge of persuasion when
coping with persuasion attempts (ie, the attempts of another
physician to influence their attitudes about a pharmaceutical
brand). Consumers, on the other hand, do not have this same
level of medical expertise and instead must rely on their
knowledge of persuasion when assessing the validity of a
persuasion agent’s claims [68].

Research Question 2: How Does the Influence of
Patient Experts, Influencers, Celebrity Patients, and

Small Patient Forums Differ From More Traditional
Advertising Venues?
Future research should explore whether the new modalities
enhance the credibility of messaging within a larger societal
context characterized by celebrity culture, mistrust of formal
institutions, and the more recent and profound social
polarizations.

Influencer marketing shares similar characteristics to native
advertising, including promotion that does not hint at advertising
as well as not using highly persuasive messaging [69-71]. The
interests of consumers are the primary consideration in native
advertising, not only the brand; thus, content is usually relevant
and useful to audiences [72]. The blurring of boundaries between
paid and earned content and the prevalence of covert persuasion
attempts raises questions of transparency, ethics, and trust,
which has been the focus of native advertising research [73,74].
Online communities and social networks encourage the
exchange of health care information, including symptoms,
treatment options, and potential side effects, and opinions about
experiences with doctors and other health care providers [75].
This online exchange of health care information has the potential
to influence health care decision-making [76]. The potential
impact of covert marketing tactics on health care
decision-making is not yet known.

Beyond marketing strategy, we need to understand how this
type of influence affects medical decision-making and what
effect that has on patients’ health outcomes. To what extent do
influencers affect decision-making by providers and patients?
To what extent have these decisions caused harm (or good)?
What factors affect whether the consumer will follow the
influencer or their shared recommendations? As the media
environment continues to fracture and consumers’ trust in
government offices, pharmaceutical companies, and health care
professionals declines, employing patient influencers may be a
way to rebuild that trust while also improving consumers’
attitudes and behaviors related to health [77-79]. Research shows
that social media influencers have a high return on investment
[80], but what does that mean for pharmaceutical companies
and patients’ health outcomes?

Research Question 3: Who Are the Patient Influencers?
Who Is Recruited by Pharmaceutical Companies and
Who Approaches Pharmaceutical Companies With
Intent of Monetizing a Medical Condition? Who
Receives Compensation, and Who Does Not?
As mentioned previously, micro- or nano-celebrities are
beginning to act as patient influencers for pharmaceutical
marketers. In addition to this type of celebrity, patient advocates
are also playing the role of patient influencer. Future research
should explore whether there are differences in the conditions
surrounding the use of each type of patient influencer and
whether there are differences in type or level of compensation.
Additionally, future studies should explore the motivation of
these different patients to act as influencers; specifically,
whether some could be considered market mavens as opposed
to opinion leaders. A market maven is someone with generalized
market knowledge, across multiple product categories, who
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enjoys helping other consumers make better marketplace
decisions [81]. The concept of a market maven is related to, but
distinct from, that of an opinion leader. A study that investigated
an online community of ecstasy users suggests that this last
characteristic is a key differentiator between market mavens
and opinion leaders [81]. Opinion leaders’ interactions with
others are motivated by self-involvement, while market mavens’
interactions with others are motivated by a desire to help others.
According to O’Sullivan [82], market mavens are individuals
who share marketplace information with the goal of reducing
consumption-related risks of other consumers, essentially filling
information gaps that exist within a market. It is our contention
that the concept of a marketplace can be extended to the domain
of chronic disease, in which people are consuming medications,
health care aids, and perhaps most importantly, information
related to their disease. We believe that the concept of market
maven holds great potential for improving our understanding
of the role that online health communities play in consumers’
health decisions.

Research Question 4: What Is the Potential for
Misinformation in Influencer Marketing? Who Is
Responsible for Harm Caused in These Forums of
Misinformation?
For decades, pharmaceutical companies have modified
direct-to-consumer marketing strategies, being early adopters
of communication platforms [83]. Burgeoning research explores
pharmaceutical companies’ use of branded and unbranded
content on social media, including influencer marketing
campaigns [84,85]. In November 2019, the FTC updated their
social media marketing guidelines on how brands and
influencers should work together and what is necessary to
disclose [51]. However, the FTC’s guidelines are vague and up

to interpretation if no pharmaceutical brand name is mentioned.
So far, these campaigns appear to be limited to partnering with
existing influencers to promote products.

A recent study of the general population found that social
influencers impacted diet-related decisions for 32% of survey
respondents [86]. The authors of the study expressed concern
that in spite of this impact, most social influencers have no
official qualifications as dietitians or nutritionists and frequently
share information without any scientific evidence [86]. However,
many of these influencers share from their own personal
experience and that brings a certain type of value all its own to
patients. Although this type of influence is frustrating to health
care professionals, it is fascinating to marketers. People are
persuaded by powerful personal stories in the absence of “hard”
evidence. As more consumers turn to the internet as a primary
source for health information, consideration needs to be given
to how this information affects consumers’ decision-making.
Studies have shown that consumers can be skeptical about their
doctor’s motives for prescribing brand name drugs when the
brand’s logo appears on objects in the doctor’s office [87].
Preliminary work investigating consumer skepticism with online
forums managed by pharmaceutical brands suggests that
consumers are less skeptical about online communication from
pharmaceutical companies and do not recognize these sponsored
communities as persuasion attempts [88].

As direct-to-consumer advertising continues to evolve and
innovate, the use of influencer marketing will also continue to
increase; this phenomenon needs more investigation as
consumers spend an increasing amount of time online and
engaging with social media, and as pharmaceutical companies
collect more information and connect directly with patients.
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Abstract

We propose the idea of using an open data set of doctor-patient interactions to develop artificial empathy based on facial emotion
recognition. Facial emotion recognition allows a doctor to analyze patients' emotions, so that they can reach out to their patients
through empathic care. However, face recognition data sets are often difficult to acquire; many researchers struggle with small
samples of face recognition data sets. Further, sharing medical images or videos has not been possible, as this approach may
violate patient privacy. The use of deepfake technology is a promising approach to deidentifying video recordings of patients’
clinical encounters. Such technology can revolutionize the implementation of facial emotion recognition by replacing a patient's
face in an image or video with an unrecognizable face—one with a facial expression that is similar to that of the original. This
technology will further enhance the potential use of artificial empathy in helping doctors provide empathic care to achieve good
doctor-patient therapeutic relationships, and this may result in better patient satisfaction and adherence to treatment.

(J Med Internet Res 2022;24(3):e29506)   doi:10.2196/29506

KEYWORDS

artificial empathy; deepfakes; doctor-patient relationship; face emotion recognition; artificial intelligence; facial recognition;
facial emotion recognition; medical images; patient; physician; therapy

Introduction

Good doctor-patient communication is one of the key
requirements of building a successful, therapeutic doctor-patient
relationship [1]. This type of communication enables physicians
to provide better-quality care that may impact patients’ health.
Studies on good doctor-patient communication have
demonstrated a strong positive correlation between physician
communication skills and patient satisfaction, which is likely

associated with patients’adherence to treatment; their experience
of care; and, consequently, improved clinical outcomes [2-5].

We acknowledge the importance of good doctor-patient
communication; doctors must understand patients’perspectives
through verbal conversation and nonverbal behaviors (eg,
posture, gesture, eye contact, facial expression, etc) [6,7].
Establishing communication involving nonverbal messages is
very important in building a good doctor-patient relationship
because such communication conveys more expressive and
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meaningful messages than those conveyed in a verbal
conversation [8]. One research study indicates that nonverbal
messages contribute to up to 90% of messages delivered in
human interactions [6]. Another study also estimates that more
than half of outpatient clinic patients believe that establishing
positive nonverbal behaviors indicates that a doctor is more
attentive toward their patient and thus results in better patient
satisfaction and adherence to treatment [8].

Although several studies have reported that human nonverbal
behaviors are significantly associated with patient satisfaction
and compliance to a treatment plan, physicians are often clueless
about nonverbal messages [6]. Doctors should be more aware
of their nonverbal behaviors because patients are cognizant of
them. Doctors also need to recognize and evaluate patients’
nonverbal behaviors and their own nonverbal behaviors toward
patients.

Artificial intelligence (AI) offers great potential for exploring
nonverbal communication in doctor-patient encounters [9]. For
example, AI may help a doctor become more empathic by
analyzing human facial expressions through emotion
recognition. Once an emotionally intelligent AI identifies an
emotion, it can guide a doctor to express more empathy based
on each patient’s unique emotional needs [10].

Empathy refers to the ability to understand or feel what another
person is experiencing, and showing empathy may lead to better
behavioral outcomes [9]. Empathy can be learned, and the use
of AI technology introduces a promising approach to
incorporating artificial empathy in the doctor-patient therapeutic
relationship [11]. However, human emotions are very complex.
An emotionally intelligent AI should learn a range of emotions
(ie, those that patients experience) from facial expressions,
voices, and physiological signals to empathize with human
emotions [12]. These emotions can be captured by using various
modalities, such as video, audio, text, and physiological signals
[13].

Among all forms of human communication channels, facial
expressions are recognized as the most essential and influential
[14-16]. The human face can express various thoughts, emotions,
and behaviors [15]. It can convey important aspects in human
interpersonal communication and nonverbal expressions in
social interactions [17,18]. Compared to the amount of
information that can be conveyed via emotion recognition
technology, facial expressions convey 55% of the emotional
expression transmitted in multimodal human interactions,
whereas verbal information, text communication, and
communication via physiological signals only convey 20%,
15%, and 10% of the total information in interactions,
respectively [19].

Many researchers have been studying facial expressions by
using automatic facial emotion recognition (FER) to gain a
better understanding of the human emotions linked with empathy
[20-24]. They have proposed various machine learning
algorithms, such as support vector machines, Bayesian belief
networks, and neural network models, for recognizing and
describing emotions based on observed facial expressions
recorded on images or videos [20-22]. Although mounting
literature has been introduced on machine learning and deep

learning for automatically extracting emotions from the human
face, developing a highly accurate FER system requires a lot
of training data and a high-quality computational system [21].
In addition, the data set must include diverse facial views in
terms of angles, frame rates, races, and genders, among others
[21].

Many public data sets are available for FER [25]. However,
most public data sets are not sufficient for supporting
doctor-patient interactions. Creating our own medical data sets
is also not possible, since this process is expensive and time
consuming [26]. Moreover, researchers often struggle with
acquiring sufficient data for training a face recognition model
due to privacy concerns. Data sharing and the pooling of medical
images or videos are not even possible, as these approaches
may violate patient privacy. Herein, we present our study on
the emerging AI is known as deepfakes—a technology that
enables face deidentification for recorded videos of patients’
clinical encounters. This technology can revolutionize FER by
replacing patients’ faces in images or videos with an
unrecognizable face, thereby anonymizing patients. This could
protect patients’ privacy when it comes to clinical encounter
videos and allow medical video data sharing to become more
feasible. Moreover, using an open clinical encounter video data
set can also promote more in-depth research within the academic
community. Thus, deepfake technology will further enhance
the clinical application of artificial empathy for medical
application purposes.

Methods

Human FER
Human FER plays a significant role in understanding people's
nonverbal ways of communicating with others [19]. It has
attracted the interest of scientific populations in various fields
due to its superiority among other forms of emotion recognition
[22]. As it is not only limited to human-computer interactions
or human-robot interactions, facial expression analysis has
become a popular research topic in various health care areas,
such as the diagnosis or assessment of cognitive impairment
(eg, autism spectrum disorders in children), depression
monitoring, pain monitoring in Parkinson Disease, and clinical
communication in doctor-patient consultations [27].

The main objective of FER is to accurately classify various
facial expressions according to a person’s emotional state [21].
The classical FER approach is usually divided into the following
three major stages: (1) facial feature detection, (2) feature
extraction, and (3) emotion recognition [21,28]. However,
traditional FER has been reported to be unable to extract facial
expressions in an uncontrolled environment with diverse facial
views [21,28]. On the other hand, a recent study using a deep
learning–based FER approach has successfully achieved superior
accuracy over that of traditional FER [20-22].

Deepfake Technology
The rapid growth of computer vision and deep learning
technology has driven the recently emerged phenomena of
deepfakes (deep learning and fake), which can automatically
forge images and videos that humans cannot easily recognize
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[29-31]. In addition, deepfake techniques offer the possibility
of generating unrecognizable images of a person’s face and
altering or swapping a person’s face in existing images and
videos with another face that exhibits the same expressions as
the original face [29]. Various deepfake attempts have been
used for negative purposes, such as creating controversial
content related to celebrities, politicians, companies, and even
individuals to damage their reputation [30]. Although the
harmful effects of deepfake technology have raised public
concerns, there are also advantages to using this technology.
For example, it can provide privacy protection in some critical
medical applications, such as face deidentification for patients
[32]. Further, although deepfake technology can easily
manipulate the low-level semantics of visual and audio features,
a recent study suggested that it might be difficult for deepfake
technology to forge the high-level semantic features of human
emotions [31].

Deepfake technology is mainly developed by using deep
learning—an AI-based method that can be used to train deep
networks [29]. The popular approach to implementing deepfake
techniques is based on the generative adversarial network (GAN)
model [33,34]. There are several types and examples of
deepfakes, such as photo deepfakes, audio deepfakes, video
deepfakes, and audio-video deepfakes.

Data Set
To simulate how deepfake technology enables face
deidentification for recorded videos of doctor-patient clinical
encounters, we recruited 348 adult patients and 4 doctors from
Taipei Municipal Wanfang Hospital and Taipei Medical
University Hospital from March to December 2019. After
excluding video data from 21 patients due to video damage, we
collected video data from 327 patients. The data set focused on
the interactions between doctors and patients in dermatology
outpatient clinics. The subjects in the data set are all from the
Taiwanese population.

The FER System in the Deepfake Model Setup
Figure 1 illustrates the workflow of the FER system before and
after proposing deepfake technology. First, we created
synchronized recordings by using 2 cameras to capture
doctor-patient interactions in the dermatology outpatient clinic.
We assumed that the face was the most relevant and accessible
channel for nonverbal communication in health care [6].
Therefore, we then used a facial expression recognition system
developed by the Industrial Technology Research Institute to
detect emotions and analyze the emotional changes of the
doctors and patients across time. This facial expression
recognition system has been deployed using training data from
28,710 Asian face images and has an accuracy of 95% for the
extended Cohn-Kanade data set [35].

Figure 1. The facial emotion recognition system workflow. ITRI: Industrial Technology Research Institute.

We identified facial expressions by using the main points of an
individual’s face (eg, eyes, eyebrows, the tip of the nose, lip
corners, etc) to track facial movement. This allowed us to
observe the emotional experiences of the doctors and patients
when they expressed the following seven facial expressions:
anger, disgust, fear, neutral, happiness, sadness, and surprise.
The system then provided a summary of the emotional changes
of both the doctors and the patients with a temporal resolution
of up to 1 second. Additionally, our model managed to filter
out any irrelevant face targets (ie, faces other than those of the
doctors and patients). Finally, the summary results of the doctor
and patient emotion analyses were used as a reference data set

to develop artificial empathy. The system then created
recommendations, so that doctors could provide an immediate
response based on patients’ situations.

It should be noted however that our artificial empathy reference
data training set was built by using limited face recognition data
sets. Therefore, we tried to improve the model by proposing the
use of open data from a clinical encounter video manipulated
by deepfake technology, which can enable medical data sharing
without violating patient privacy. Furthermore, these open data
allowed us to connect with real-world clinical encounter video
data sets, so that we could use different model facial expression
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recognition systems to analyze patients’and doctors’emotional
experiences (Figure 1).

Ethics Approval
Our study was approved by Taipei Medical University
(TMU)-Joint Institutional Review Board (TMU-JIRB No:
N201810020).

Results

The clinical encounter video—the source of our face recognition
data set—consists of video data from 327 patients—208 female
patients and 119 male patients (age: mean 51, SD 19.06 years).
The average consultation time on the recorded video was 4.61
(SD 3.04) minutes; the longest duration of a consultation was
25.55 minutes, and the shortest was 0.33 minutes. Our artificial
empathy algorithm was developed by using FER algorithms.
This algorithm learned a range of patient emotions by analyzing
expressions, so that doctors could provide an immediate
response based on patients’ emotional experiences. In general,
this FER system achieved a mean detection rate of >80% on
real-world data.

Our face recognition data set for artificial empathy was solely
based on basic emotions. The system evaluation reported
expressions of anger, happiness, disgust, and sadness, which
were more likely to be expressed by the doctors than by the
patients (P<.001). Moreover, patients also tended to more
commonly express neutral emotions and surprise when
compared to doctors (P<.001). The overall emotions of the
doctors were dominated by emotions of sadness (expressions:
8580/17,397, 49.3%), happiness (expressions: 7541/17,397,
43.3%), anger (expressions: 629/17,397, 3.6%), surprise
(expressions: 436/17,397, 2.5%), and disgust (expressions:
201/17,397, 1.2%), whereas the emotions of patients consisted
of happiness (expressions: 5766/12,606, 45.7%), sadness
(expressions: 5773/12,606, 45.8%), surprise (expressions:
890/12,606, 7.1%), and anger (expressions: 126/12,606, 0.9%).
Figure 2 illustrates the emotional expressions of both doctors
and patients. The system used the results of the emotion analysis
to remind the doctors to change their behaviors according to
patients’ situations, so that the patients felt like the doctors
understood their emotions and situations.

The original face recognition data set consists of personal data
(ie, patients’ faces). However, we can only release the results
of the emotional expression analysis as a reference for the
development of artificial empathy. As noted previously, our
approach only involved using a small amount of training data
(only Asian face images). Therefore, to improve model
performance, we need to anonymize the clinical interaction
video by performing face deidentification. Face deidentification
allows us to share our face recognition data set as open data for
clinical research. To enable face image data sharing, a researcher
can perform traditional face deidentification techniques, such
as masking an image by covering a patient’s face region with
a colored box (Figure 3).

Of note however, as our research aims to develop artificial
empathy to support good doctor-patient relationships, the
masking method cannot be performed, as it is very difficult to
validate masked images with the results of an emotion
expression analysis. Deepfake technology offers a method for
swapping a patient's original face with another from an
open-source face data set to generate an unrecognizable image
with similar expressions and attributes to those of the original
face image. This face swapping method can be adopted for use
with the face recognition reference data set for our artificial
empathy algorithm to avoid violating patient privacy and ethical
concerns. We adopted video deepfake technology based on face
swapping (Figure 3), which was proposed in the first order
motion model for image animation [36]. This approach involved
adopting a novel deep learning framework for image animation
known as Monkey-Net and modifying it by using a set of
self-learned key points combined with local affine
transformations [36]. This framework enables a dense motion
transfer network to generate a video in which the source image
is animated according to a given driving video sequence with
complex motions [36]. Unlike the original GAN model, which
relied on costly ground-truth pretrained models that resulted in
the poor generation quality of image or video outputs, the first
order motion model for image animation can handle
high-resolution data sets with profile images and can thus
become a reference benchmark model for our face recognition
data set.

Figure 2. Screenshots of the recorded video simulation of the doctor-patient relationship in the dermatology outpatient clinic.
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Figure 3. Comparison between traditional face deidentification and face swapping by using deepfake technology on an image of a patient's face.

Discussion

Principal Findings
Our FER study revealed how doctors more commonly express
emotions like anger, happiness, disgust, and sadness than
patients. Because nonverbal messages like facial expressions
contribute the most to the messages delivered in human
interactions, doctors need to be more careful when expressing
their emotions during clinical interactions. For example, doctors
should never be used to expressing anger, disgust, or other
negative emotions that represent poor communication skills, as
this may ruin treatment goals and result in frustration for both
patients and health care practitioners [6].

Positive emotions (eg, happiness) represent good communication
skills, as they may help people understand how another person
feels and what they think and allow people to understand each
other better [37]. Furthermore, positive emotions can help build
patients' trust in their doctors [38]. Trust from a patient’s
perspective refers to the acceptance of a vulnerable situation in
which patients believe that doctors will provide adequate and
fair medical care to help them based on their needs [39]. When
patients trust their doctors, they are more likely to share valid
and reliable information related to their condition, acknowledge
health problems more readily, comprehend medical information
efficiently, and comply with treatment plans accordingly [39].
They also tend to seek preventive care earlier and return for
follow-up care, which may prevent further disease complications
[39].

In addition to physicians’medical knowledge and clinical skills,
patients’ perceptions of physicians’ ability to provide adequate
information, actively listen, and empathize are believed to be
associated with patient satisfaction and trust [3]. A physician's
capability to exhibit effective communication skills and provide
empathic care is beneficial for patients in terms of improving
good doctor-patient relationships and for the physicians
themselves, as these factors can increase job performance
satisfaction and lower the risk of stress and physical burnout
among physicians [40]. Empathic care may also reduce the rate
of medical errors and help to avoid conflict with patients [38].

We believe that our FER system and face recognition data set
can serve as a decision support system that can guide doctors
when a patient requires special attention for achieving
therapeutic goals. For example, if doctors express a negative
facial expression (eg, anger, disgust, and sadness), the system
will remind them to change their facial expressions. Moreover,
if a patient also expresses a negative facial expression, the
system will suggest that the doctor should use a different
approach to accommodate the patient’s emotional situation.
Based on our results, the major shortcoming that we need to
address is that FER technology relies on the quality of data
training and the quantity of training data [26,32]. We believe
that in the future, we can improve the system’s precision and
accuracy by collecting more data from more subjects with
various sociodemographic backgrounds. This is only possible
if we adopt deepfake technology (eg, GANs), which can learn
the facial features of a human face on images and videos and
replace it with another person's face [41]. Thus, deepfake
technology can replace a patient’s face image and create fake
face images with similar facial expressions in videos. With the
use of deepfake technology, the recorded video database of
outpatient doctor-patient interactions will become more
accessible. Applying deepfakes to deidentify FER data sets may
benefit the development of artificial empathy, as this approach
may not violate the privacy and security of interpersonal
situations.

Similar to our study, a recent study reported using deepfake
technology to generate open-source, high-quality medical video
data sets of Parkinson disease examination videos to deidentify
subjects [32]. This study also applied the face swapping
technique and real-time multi-person system to detect human
motion key points based on open-source videos from the Deep
Fake Detection data set [32]. Meanwhile, our approach involved
using a self-supervised formulation consisting of self-learned
key points combined with local affine transformations [36]. We
believe that this self-learned model could preserve the
represented emotional states of people in the original face
recognition data set.
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Our study has some limitations. First, our approach only
involved using a single information modality—video
deepfakes—which could have resulted in inaccurate emotion
classification. In the future, we can combine both video and
audio deepfakes to better represent the emotional states of a
target person. Second, moral and ethical concerns need to be
considered when using deepfake technology for the
deidentification of medical data sets. However, our study
highlighted the positive ways of using deepfakes for privacy
protection when using face recognition data sets in medical
settings. Thus, instead of raising an ethical problem, this study
will help prevent the use of deepfakes for malicious purposes
and encourage their use in medical applications.

Conclusion
We propose using an open data set of clinical encounter videos
as a reference data training set to develop artificial empathy

based on an FER system, given that FER technologies rely on
extensive data training. Yet, due to privacy concerns, it has
always been difficult for researchers to acquire a face
recognition data set. Therefore, we suggest the adoption of
deepfakes. Deepfake technology can deidentify faces in images
or videos and manipulate them so that the proper target face
becomes unrecognizable, thereby preventing the violation of
patient privacy. Such technology can also generate the same
facial expressions as those in the original image or video.
Therefore, this technology might promote medical video data
sharing, improve the implementation of FER systems in clinical
settings, and protect sensitive data. Furthermore, deepfake
technology will further enhance the potential use of artificial
empathy in helping doctors provide empathic care based on
patients’emotional experiences to achieve a good doctor-patient
therapeutic relationship.
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Abstract

The burden associated with using the electronic health record system continues to be a critical issue for physicians and is potentially
contributing to physician burnout. At a large academic mental health hospital in Canada, we recently implemented a Physician
Engagement Strategy focused on reducing the burden of electronic health record use through close collaboration with clinical
leadership, information technology leadership, and physicians. Built on extensive stakeholder consultation, this strategy highlights
initiatives that we have implemented (or will be implementing in the near future) under four components: engage, inspire, change,
and measure. In this viewpoint paper, we share our process of developing and implementing the Physician Engagement Strategy
and discuss the lessons learned and implications of this work.

(J Med Internet Res 2022;24(3):e32800)   doi:10.2196/32800

KEYWORDS

burnout; organizational strategy; electronic health record use; clinical informatics; medical informatics

Introduction

Background
With growing levels of clinician burnout both before and during
the COVID-19 pandemic, the burden associated with the use
of electronic health record (EHR) systems has emerged as a
paramount challenge [1]. In particular, with an increase in
reporting and clinical research needs required by consumers of
health data (ie, administrators and researchers) during the spread
of the pandemic, there have been additional burden for data
generators (ie, providers who document care in the EHR) [2].
This has resulted in clinicians spending more time using the
EHR system to complete documentation than actual patient

care. The recent call to action by Shanafelt [3] highlighted the
importance of thinking about how digital technologies are being
introduced as another component into the clinical environment.
In particular, there is a greater demand to think about better
designed solutions that fit the needs of clinicians [3]. In addition
to reports by physicians on the impact of EHR burden on
burnout [4,5], this has resulted in numerous recommendations
from organizations such as the Ontario Medical Association [6]
on reconsidering the impact and use of technology in clinical
practice. Therefore, it is likely that EHR-related burden, in
addition to the efforts and challenges involved in managing the
pandemic, have collectively led clinician burnout to an all-time
high [7,8].
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As EHR systems are increasingly enhanced with advanced
features to improve patient care, such as clinical decision support
and predictive analytics, the impact of these capabilities on
clinicians’ ability to effectively and meaningfully deliver care
must not be forgotten. As highlighted in many commentaries
on this topic and most recently, in a chapter on EHR burden by
the National Academies of Sciences, Engineering, and Medicine
[9], the use of the EHR must not detract from the core aspects
of medicine, such as the therapeutic relationship, nor cause
unnecessary frustration, complexity, and burden on clinicians
[10]. In this context, many initiatives in this field have recently
emerged. For example, the Clickbusters initiative, developed
by the Vanderbilt Clinical Informatics Centre [11], aims to
reduce the number of unnecessary alerts delivered to end users,
thereby reducing EHR burden and burnout.

Of note, most efforts to date that address EHR-related burden
for clinicians have focused on the US context, with scant
evidence emerging from other countries. Given that each country
has varying practice and clinical requirements, the factors and
bottlenecks that influence EHR burden in various settings are
likely different. For example, in a recent survey on EHR burnout
conducted as part of the 25×5 Symposium [12] in the United
States, documentation requirements for reimbursement were
cited as a main factor leading to EHR burden for physicians.
These challenges are specific to the US context and do not apply
to many other countries, including Canada, where health care
is publicly funded. However, even without such
reimbursement-driven documentation requirements in Canada,
we face substantial EHR-related burnout rates [13] comparable
with those in other countries. In addition, it is expected that the
challenges associated with EHR burden differ across disciplines.
For example, given that mental health relies heavily on narrative
documentation, the pain points in using the EHR would likely
differ from those experienced by specialties that rely on the use
of forms or structured templates. Without sufficient discussion
and evidence in the literature on how mental health care
organizations in Canada are managing these challenges, there
is a lack of guidance for these organizations to build relevant
and effective initiatives in their own settings. Moreover, it is
unclear how existing best practices for system development and
implementation (eg, super users) should be best leveraged to
address EHR burden. Given these evidence gaps, we seek to
contribute to the emerging body of evidence and support the
collective effort of reducing EHR burden for all disciplines
across countries.

In this viewpoint paper, we describe our efforts to reduce EHR
burden for physicians at a large academic mental health hospital
in Canada. Building on our previously published studies focused
on needs assessment, implementation, and evaluation of
individual initiatives [4,14,15], this viewpoint shares the
development and implementation of our overarching strategy.
We discuss our Physician Engagement Strategy, which aims at
identifying and addressing opportunities for EHR improvements
at our site. On the basis of our experience to date, we conclude
with key success factors and lessons learned in developing and
implementing the initiatives included in this strategy.

The Organization
The Physician Engagement Strategy was implemented in a large
academic mental health hospital that provides care to >34,000
patients experiencing mental illness in Toronto, Ontario, Canada.
In an effort to improve the quality and continuity of patient care,
the organization implemented an integrated EHR system (Cerner
Millennium) in 2014. Now, the organization offers a paperless
care environment, where all processes, from orders to
medication administration, are conducted through and with the
EHR system. With a single source of truth, the organization has
since been able to improve key quality of care outcomes by
enhancing medication safety [16] and embedding psychiatric
risk flags in the system [17]. This has resulted in obtaining the
highest rating (stage 7) on the Electronic Medical Record
Adoption Model [18] and level 6 on the Adoption Model for
Analytics Maturity [19] from the Healthcare Information and
Management Systems Society. Most notably, the organization
was awarded the prestigious Davies Enterprise Award in 2018
[20]. On average, the EHR system is used by >400 physicians
to deliver care at the organization.

Despite these achievements and the organization’s focus on
improving the safety and quality of patient care, physicians have
had mounting concerns regarding the usability of the EHR in
their daily workflows, highlighting it as a major source of
burnout in our 2017 physician wellness survey (conducted with
all physicians across the hospital) [15]. Our organization’s wider
Physician Engagement, Wellness, and Excellence Strategy
included several interventions to improve physician support at
the individual, team, and organizational levels. One of the six
proposed initiatives under this strategy included efforts to
optimize use of EHRs to enhance the efficiency of practice [15].
In alignment with departmental leadership (VS) needs to
optimize the use of EHR and reduce the associated burden for
clinicians, leadership (DJ) from information management
prioritized clinician-driven innovation, including efforts to
address EHR-related clinician burnout. Consequently, in 2018,
the inaugural Chief Medical Information Officer (CMIO) was
tasked with improving physicians’ experiences with the EHR
to reduce EHR-related burden. Given the importance of
leadership buy-in and prioritization of strategies, the CMIO
developed and implemented a multipronged strategy to address
the ongoing and emerging challenges for physicians related to
the use of the EHR.

Building Our Physician Engagement
Strategy

As part of the formative work toward developing and
implementing a tailored Physician Engagement Strategy, we
undertook a needs assessment in 2019 to understand the main
challenges experienced by and EHR-related goals of each
academic division within our organization and reviewed the
literature to identify strategies and initiatives that could help to
address these challenges and aspirations. This effort and the
resulting strategy are further described below.
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Needs Assessment

Overview
As part of preparatory work to inform and align initiatives
targeting EHR burden on physicians to the needs of the
organization, it was essential to achieve a holistic understanding
of the frustrations and challenges that hinder the effective and
meaningful use of the EHR across our organization. A tour of
the academic divisions was undertaken and a benchmark survey
was launched in 2019 to collect direct feedback and insights on
burnout and the current state of EHR use by physicians at our
organization. The divisional tour focused on obtaining feedback
mostly from physician leadership across the organization,
whereas the benchmark survey more broadly and anonymously
captured the voice of frontline physicians. This ensured that a
balanced bottom-up leadership approach was embedded in the
development of the strategy. It should be noted that this
divisional tour was conducted when several foundational articles
(eg, Why doctors hate their computer by Gawande [21])
appeared in the published literature highlighting the issues for
the medical community, including within the Canadian context
[22]. As such, there was great interest from both the organization
and frontline physicians to participate in these activities.

Divisional Tour
Through the divisional tour, our hospital’s CMIO visited each
of the 7 academic physician divisions’ monthly meetings and
gathered feedback on their top 3 priorities for EHR optimization.
There were 2 main purposes for the divisional tour. First, given
that the benchmark survey focused on collecting individual
feedback from frontline physicians, the divisional tour helped
to contextualize the results through an in-depth discussion with
the team. Second, it was also used to obtain buy-in from
frontline and clinician leaders. Buy-in was a critical part of the
success of these initiatives, and this opportunity provided
another forum for physicians to contribute their ideas and
perspectives.

In addition to discussions with clinical leadership during these
meetings, frontline physicians were also consulted through the
existing team huddles for each academic division to obtain their
perspective on these issues. It should be noted that this divisional
tour was conducted 5 years after the introduction of the
hospital’s EHR system. From these consultations, the identified
improvement priorities included documentation, orders, and
chart navigation through the EHR. More specifically, within
documentation, there were requests to improve standardized
templates and auto-population, increase access to speech
recognition technology, and reduce clicks. Second, regarding
orders, physicians identified the need to increase
practice-specific order sets, reduce clicks within workflows,
and simplify order measures. Third, in chart navigation, there
were requests to make the EHR more user-friendly and intuitive
with respect to finding relevant information. The automatic
inclusion of all laboratory test results and previous medications
through the EHR has led to an increase in note sizes that contain
multiple pages of nonessential information, which is a
phenomenon termed as note bloat [23,24], and is frequently
identified as a concern for patient safety. Other priorities were
also identified, such as the desire to integrate physician billings

within the EHR and to simplify the process of discharge
medication reconciliation.

Benchmark Survey
Following this tour, we conducted a benchmark survey to
identify the extent of burnout among our physicians and identify
the significant EHR-related contributors to physician burnout
[4]. The methods and approach are detailed in a separate paper
[4]. We achieved a high survey response rate among full-time
physicians (156/208, 75%), with 25.6% (45/176) of physicians
reporting having one or more symptoms of burnout.
Furthermore, 74.5% (155/208) of respondents who reported
burnout symptoms identified the EHR as a contributor. Safety
concerns with the EHR and efficient communication were 2
factors that differentiated the groups that were burned out from
those that were not. Respondents who had high satisfaction with
the EHR used work-arounds to complete tasks (eg, copy and
paste from word processing software) or were super users with
knowledge of documentation shortcuts. Those with low
EHR-satisfaction reported excessive clicks and time sinks with
using the EHR [4].

Overall, our survey demonstrated that there was a critical need
to mitigate EHR-related burden and the associated burnout by
optimizing the EHR to fit within physicians’ workflows and by
improving awareness of EHR best practices.

Literature Review
Consistent with academic practices, we sought to inform our
Physician Engagement Strategy with the latest evidence. Given
the number of interventions aimed at combating EHR-related
burnout in the published literature, our team conducted a rapid
literature review on this topic [25]. From a review of 50 related
articles published between 2014 and 2019, we found that the
measurement of EHR burden needs to be performed both
subjectively (eg, via surveys) and objectively (eg, using use
data) [26]. We also identified that interventions to reduce EHR
burnout were focused on four main aspects: enhancing and
redesigning the interface of EHR screens, delivering tailored
education and training to end users, improving communication,
and providing additional support for administrative tasks [25].
To implement many of these interventions, approaches similar
to a Plan-Do-Study-Act cycle for quality improvement [27]
were used, which was in alignment with our needs assessment
process (ie, measuring pain points). Through our literature
review, we also learned that following the implementation of
interventions, it is essential to continue enhancing and
optimizing these through further evaluation using analytics data,
surveys, and other methods. Although findings from our
literature review have laid the foundational building blocks of
our strategy, it was important to adapt and align these strategies
and interventions to the specific challenges present within our
organization.

The Physician Engagement Strategy

Overview
On the basis of our in-depth needs assessment and review of
the literature, we developed our first iteration of the Physician
Engagement Strategy in 2020. In the development of this
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physician-centric multipronged approach, we had in-depth
discussions with our information technology (IT) and clinical
leadership teams to ensure feasibility and availability of
resources. An overview of the strategy is depicted in Figure 1.
The strategy comprises four main goals: (1) improving the
handling and resolution of EHR issues; (2) enhancing physician

engagement and leadership opportunities on EHR-related
decisions; (3) leveraging communication, education, and
informatics strategies to increase efficient and meaningful use
of the EHR; and (4) measuring the impact of these strategies to
achieve data-driven insights.

Figure 1. Physician Engagement Strategy. CMIO: Chief Medical Information Officer; EHR: electronic health record.

Throughout the implementation of initiatives to support these
goals, 3 main guiding principles (pillars) were considered
essential for success. Foremost, it was critical to engage all
relevant stakeholders and frontline physicians to ensure that
their perspectives are heard and any challenges are brought up
for examination. We also considered it important to provide
physicians an opportunity to be inspired to participate in
leadership roles and be involved in the decision-making process
of EHR changes that impact patient care and physicians’ use of
the EHR. Finally, we detailed a multitude of initiatives aimed
at collectively supporting the ability to change the use of the
EHR system such that it improves efficiency and end user
experience. Throughout these pillars, we also ensured that there
was a focus on measuring outcomes to evaluate whether the
specific initiatives have worked as intended. The initiatives
outlined in the strategy are described in detail below.

Engage: Improve Physician’s Experience With the
EHR by Rapid Handling of Change Requests (SWAT
Teams)
To engage physicians across our organization, we developed
an EHR SWAT team initiative through adaptation of initiatives
[28] identified from our literature review. Traditional
governance models have focused on identifying and
implementing requirements solely by the IT team [3]. However,
from the IT perspective, there is often a lack of understanding
of the actual requirements needed for the change to be impactful.
Moreover, many of the changes often affect other clinical areas
(eg, pharmacy and laboratory). Thus, implementing in isolation
can lead to more downstream challenges. As such, the SWAT
team model, which mirrors other initiatives at the University
of Colorado School of Medicine [28,29], overcomes this
challenge by bringing together a collaborative team to discuss
and identify a commonly agreed set of requirements for each
issue. Our team-based intervention (SWAT) included assembling

an interdisciplinary team of specialists including our CMIO;
clinical informatics nurses and educators; and representatives
from pharmacy informatics, health information management,
clinical applications, and project management [14]. Through
this intervention, we met with physicians from each of the seven
academic divisions across our organization, collected EHR
change requests, and prioritized them into four categories: (1)
additional education, (2) quick fixes (<6 weeks), (3) future fixes
(≥1 year), and (4) unable to address owing to technical or
regulatory restraints. In total, we gathered 118 requests (eg,
including adding keyword search functionality, minimizing
freezing, and auto-faxing) [14].

Inspire: Enhance Physician’s Engagement and
Leadership Opportunities

Physician Champions
As part of our focus on inspiring and fostering physicians’
voices in the decision-making process, we designated physician
EHR champions (liaisons) tasked with liaising with all
physicians in their division and bringing forward pain points
and recommended changes on an ongoing basis. Divisional
liaisons were nominated annually by both their peers and
divisional leadership and became the link between different
stakeholders, helping us make meaningful EHR changes. These
individuals were key players within our EHR SWAT initiative.
Liaisons’ responsibilities continued to evolve with the changing
needs of the initiatives, and they became the pilot user group
for future technology and informatics applications.

Physician Think Tanks
Discussions with physician champions highlighted the need for
a cross-divisional lens to identify the applicability of EHR
changes. As such, a venue to address this gap and facilitate
discussion between physician divisional liaisons and other
relevant stakeholders was needed. We implemented monthly
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Physician Think Tanks in 2019, which focused on the successful
use of the EHR to improve patient safety and quality of care.
These meetings are chaired by our CMIO and are attended by
physician champions from each academic division and relevant
clinical (eg, pharmacy, laboratory, and diagnostics informatics
and professional practice) and IT leaders (eg, clinical
applications), with composition similar to that of our SWAT
team. Before each of these meetings, stakeholders are
encouraged to bring forward challenges and questions for
discussion at these meetings.

Appropriate engagement with stakeholders is critical for
implementing digital tools in a meaningful manner that aligns
with the needs of end users, and therefore, we used this forum
before the implementation of any new initiatives. As these
meetings evolved since their inception in 2019, the venue
became a versatile space for EHR optimization. New ideas and
features (eg, optimizing order set and reducing auto-population
content) are demonstrated at these meetings to collect initial
feedback from clinicians. Updates on initiatives (eg, SWAT)
and implementations are also presented at these meetings to
help support brainstorming of the feasibility and availability of
resources. From a quality improvement perspective, evaluation
results are presented to solicit feedback from the group for
contextualizing the results and identifying next steps for
optimization of the EHR.

Change: Leverage Communication, Education, and
Informatics Initiatives to Increase EHR Efficiency

Communication: CMIO Monthly Newsletter
One of the main challenges identified from our benchmark
survey was the lack of appropriate communication channels for
EHR-related updates (eg, policy and technical changes).
Although the organization provided EHR updates to all users
on a regular basis, these email updates were incomplete and not
tailored to physicians. Given that these EHR changes usually
coincide with broader organizational policy changes and
mandates, physicians reported a lack of a single source of truth
for any EHR-related updates. These issues can cause confusion
and inconsistency in EHR use across the organization, leading
to concerns regarding patient safety and quality of care.

To address this issue, the CMIO monthly newsletter was
developed. These newsletters are developed with in-depth
consultation with clinical (eg, clinical informatics nurse
educators) and IT stakeholders to ensure that the content is
relevant and useful. The content of the newsletter varies each
month and depends on the changes and discussions at that time
(Figure 2). Examples of content include initiative updates,
interviews with digital health leaders, EHR tips and tricks,
related literature, IT changes and EHR changes for health
records, pharmacy and therapeutics, and laboratory and
diagnostics related EHR updates and clarifications. The
newsletter was also a critical method to close the loop of
communication on all changes requested through our SWAT
initiative. The monthly read rates of these newsletters continue
to increase, with our last newsletter (ie, April 2021) being
opened by >208 physicians (approximately 50% open rate).

Figure 2. Chief Medical Information Officer monthly newsletter (table of contents). FAQ: frequently asked questions.
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Communication: Physician Portal
In addition to the issues related to communication, another
intervention was developed to support navigation and rapid
finding of EHR-related information. The Physician Portal is a
collaborative initiative with the physician-in-chief to provide
physicians with a one-stop web-based location for all
information relevant to physicians, such as wellness initiative
updates, policies, and educational presentations. Within the
portal’s EHR tips and tricks section, all EHR-related information
can be found. Previous CMIO monthly newsletters are made
available through this portal, and physicians are able to use a
search functionality to find relevant information across the site.
Our peer education videos are also hosted on this portal.
Recently, tip sheets for EHR use have been added to the site,
and physicians are encouraged to visit the site to access these
resources. The centralized location for EHR-related information
is expected to reduce the navigation burden for EHR-related
information.

Education: Peer Education Videos
Electronic learning modules have become a staple for providing
training and support for a wide range of practice- and
policy-related topics. However, their uptake and effectiveness
for EHR training and best practices for physicians remain very
limited. Given that this user group is inundated with information
daily, it was essential to develop targeted messaging that aligns
with their needs and questions [30]. As such, peer education
was identified to be a useful approach for addressing these
issues. Peer education through super users can support end users
in mastering the use of the EHR, and previous peer-led EHR
training initiatives in Southern California Permanente Medical
Group have found that it can save physicians 4 to 5 minutes per
hour, equating to approximately 40 minutes a day [31].

Although peer EHR education is typically done in real time and
in person, social distancing restrictions of the COVID-19
pandemic have made this difficult to achieve. As a result, we
piloted the development of peer education videos. These peer
education videos are short in length (3-5 minutes) and focus on
specific knowledge gaps found across the organization. During
these videos, super users are invited to provide education and
guidance (eg, demonstration of a workflow) to the audience
based on their experiences and best practices. These videos are
posted on our Physician Portal, and communication to increase
awareness of these tools are done through the monthly CMIO
newsletter and the weekly departmental physician newsletter.
Physicians are invited to watch the videos in their own time and
pace. Currently, two modules have been developed (medication
reconciliation and discharge summaries) and a few other videos
are in development.

Informatics: Speech Recognition Technology
Documentation burden was identified as an important issue for
physicians in both the benchmark survey and the divisional tour.
In particular, given that psychiatric documentation is fairly
narrative in nature, physicians spend significant amount of time
typing directly into their EHR system. As a result,
documentation methods remain a significant pain point for the
organization.

Speech recognition technology has been identified as a suitable
solution for mitigating documentation burden in the EHR.
Evaluations conducted in other settings have found that
physicians report satisfaction with speech recognition
technology and its utility in reducing the burden. At our
organization, an older version of speech recognition software
was procured and deployed to a small number of physicians
[32]. However, the limited licenses and lack of a concerted
support strategy led to its suboptimal adoption across the
organization. Given the renewed focus on this issue, we
endeavored to roll out an improved version of speech recognition
technology that features improved accuracy, a mobile app
microphone, and cloud-based dictation engine. As part of this
rollout, all physicians and residents will have access to speech
recognition technology for documentation in the EHR system
[30].

The speech recognition service will be delivered collaboratively
with the other initiatives of the strategy in several ways. The
EHR SWAT team intervention will be used to collect technical
issues and feature improvements with regard to the platform.
The Physician Portal and CMIO newsletters will be used to
communicate improvements to the platform and encourage
physicians to receive optimization training and education using
the platform.

Informatics: Physician EHR Use Profiles
Another complementary intervention to improve physicians’
awareness of their EHR practice and deliver feedback was the
use of dashboards. Direct feedback dashboards have been used
widely across medicine for outcomes such as improving
compliance for venous thromboembolism prophylaxis [33],
reducing imaging use [34], and improving pediatric emergency
care [35]. Dashboards convey information through the use of
visual representation of data to help amplify cognition and
capitalize on human perceptual capabilities [36]. Our physician
use profiles (Figure 3) are dashboards that display information
on an individual physician level, allowing physicians to view
their own EHR system use including metrics such as time spent
within the EHR per patient, time spent in documentation,
percentage of after-hours use, number of clicks per order, and
other measures of efficiency. Through these dashboards,
physicians can also compare their EHR use with their divisional
average and identify whether they need to lean into the various
initiatives of the Physician Engagement Strategy, such as
additional training through EHR SWAT meetings, peer
education videos, or speech recognition technology. We also
anticipate physicians to self-identify as super users through the
use of these dashboards (as only the individual physician can
look at their own data) and contribute to peer education within
their division. Physicians can view their metrics for a specific
period (eg, before and after using speech recognition), with
provided context as to how each of the metrics is being
calculated. Our team is currently in the process of finalizing the
design and content of these physician EHR use profiles through
extensive consultation with the physician divisional liaisons,
academic chiefs, and Physician-In-Chief to make it a meaningful
and useful intervention.
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Figure 3. Physician electronic health record use profiles.

Evaluate: Measure Outcomes Through Innovative and
Trusted Methodologies

Overview
Through our many complementary and interconnected
initiatives, we have ensured that time, effort, and resources were
used to evaluate each of them. Throughout the development of
each intervention, we embedded an evaluation approach to
determine whether we have achieved the objectives of the
intervention and to identify approaches to streamline or optimize
the intervention. This aligns closely with best practices [37] and
the Plan-Do-Study-Act cycle [38] of quality improvement. The
sources and examples of evaluation initiatives are elaborated
in greater detail below.

System Use Data
The role of back-end use data has become an important source
of information for identifying user-specific challenges within
the EHR system and for guiding tailored and customized
training. Within our organization, the use of EHR use metrics
allow us to objectively measure the impact of our initiatives.
Our EHR vendor’s back-end analytics platforms (ie, Cerner
Lights On and Cerner Advance [39]) provide detailed analyses
of EHR use for all users including physicians, nurses, and those
in other disciplines. Leveraging key metrics such as total time
spent per patient in documentation, chart review, ordering, and
medication reconciliation of the electronic medical record has
allowed us to identify whether a specific intervention (eg, speech
recognition technology) has impacted the targeted metric (ie,
documentation time). There are several other metrics that can
be explored, such as contextual metrics (eg, number of patients
that a physician has seen over the past month and the percentage
of time physicians spend in the EHR after hours) and workflow

metrics (eg, number of clicks used per order and use of order
set). Following a thorough validation of how the data within
this system compares with our physicians’ actual use, we are
slowly beginning to leverage this tool to help learn about our
physicians’ experience with the EHR, eventually working to
reduce EHR burden.

Similarly, we are also leveraging the use of system use metrics
from other technologies that we have implemented, such as our
speech recognition solution. For example, personalized messages
are periodically delivered to physicians who have access to
speech recognition technology and are not using the platform,
to identify if they require any technical support or additional
training.

Surveys, Interviews, and Focus Groups
When system use data collection is not feasible or fit for
evaluation, we conducted evaluations through surveys,
interviews, and focus groups, leveraging specific channels of
our strategy such as the physician divisional liaisons where
possible. For our EHR SWAT initiative, we used short
anonymous surveys (with 5-point Likert scales and free-text
questions) following the divisional meeting to gather physicians’
satisfaction with the initiative [14]. In all, 61% (28/46) of the
physicians reported that the intervention increased their
proficiency in using EHR functionalities [14]. Surveys and
interviews were also leveraged to measure the implementation
feasibility of speech recognition, complementary to
documentation time outcomes measured from system use data.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32800 | p.317https://www.jmir.org/2022/3/e32800
(page number not for citation purposes)

Tajirian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Discussion

Overview
To our knowledge, the Physician Engagement Strategy is
one-of-a-kind collaborative approach in a Canadian mental
health setting that aims to engage both frontline physicians,
physician leadership, and IT leaders in reducing EHR burden.
Previous national strategies in the United States to reduce
clinician burnout have included recommendations such as
engaging clinicians in the design and deployment of health IT
to ensure the effectiveness, efficiency, usability, and safety of
the technology [9], which we have implemented thoroughly
throughout our strategy, especially within the engage and inspire
pillars. The Office of the National Coordinator for Health
Information Technology in the United States has also released
its Strategy on Reducing Regulatory and Administrative Burden
Relating to the Use of Health IT and EHRs, which includes
recommendations such as better alignment of the EHR system
design with real-world clinical workflows, increase in end user
training, and improvement of the clinical documentation
functionality [40], which we implemented through our EHR
SWAT teams, peer education, and speech recognition initiatives,
respectively. Our development of a shared vision and approach
enables a concerted strategy developed and implemented with
feedback and alignment across all stakeholder groups. As the
digital health ecosystem (eg, web-based care) continues to
become integral to clinical care, the numerous venues for
discussion across multiple departments allow for unbiased
feedback and opportunities to align the road maps of the EHR
and related technologies.

Lessons Learned
As we enter the third year of implementing the EHR Physician
Engagement Strategy, a few lessons learned that will guide
future approaches to optimize the reach and impact of our
strategy were identified. Foremost, it is essential that frontline
physicians are recognized as the main stakeholders and decision
makers in our strategy. Across all our initiatives, careful
deliberation and stepwise iterative approaches were used to
embed physicians’ perspectives and feedback in the
implementation and to roll out plans. These stepwise approaches
ensured that any red flags can be considered and mitigated
before the roll out of any initiatives. For example, for speech
recognition technology, extensive consultation sessions were
conducted before the development of the implementation plan.
Understanding physicians’ desires and needs helped curate the
main components to consider in such an implementation plan.
In addition, these discussions should be considered in
multidisciplinary forums. Given that the organization has >70
clinics, each specializing in different diagnoses, treatment, or
patient populations, it is expected that significant heterogeneity
exists in terms of workflows and EHR use patterns. Ensuring
that IT and clinical stakeholders from these clinics are engaged
in the decision-making process reduces the possibility of
unexpected roadblocks or unintended consequences during

implementation. In addition, we realized that periodic review
of the initiatives can yield synergistic opportunities to better
align and reinforce initiatives within the strategy. In particular,
interconnected initiatives can inform each other and maximize
their success. For example, during the implementation of speech
recognition, the Physician Think Tank was used to identify
physicians’ needs before the implementation. In addition, the
CMIO newsletter was found to be a useful way to communicate
updates and success outcomes to all physicians at the
organization. Thus, the initiatives of this strategy enable a
concerted effort to reduce EHR burden.

Future Directions
As we continue to implement and expand the Physician
Engagement Strategy, it has become increasingly important to
consider this work in the broader field of EHR burden and digital
technologies. We expect that this road map will continue to
expand as new features and technologies are becoming
embedded within the organization. In this accord, we highlight
a few important next steps that we hope to achieve in the coming
years. First, many of the interventions available in the literature
have not focused on evaluating their impact on EHR burden.
With the advent of EHR back-end use data, there is a timely
opportunity to evaluate the impact of these initiatives on
efficiency and satisfaction with using the EHR. In the next year,
we will focus on evaluating and determining the impact of these
initiatives using our established evaluation methodologies. We
will also explore the perceptions and experiences of clinicians
in participating in these initiatives (eg, multidisciplinary groups
and super users) to address EHR-related burden [37]. In addition,
a number of emerging trends, such as measurement-based care
[41,42] and web-based care [43], are becoming evident in our
digital mental health infrastructure. As these models of care are
streamlined, it would be useful to evaluate their impact on EHR
burden. Future work should explore how these initiatives can
be made useful prospectively in the planning and
implementation of these digital models of care at the
organizational level. Finally, we are currently exploring
opportunities to embed these initiatives as part of creative
professional activities for academic promotions. Doing so may
help to support the development of hybrid physicians [44] who
are equipped to enable the effective use of informatics by
physicians to deliver better mental health care.

Conclusions
As EHR-related burden continues to be a critical challenge for
many health care systems, we introduce our EHR Physician
Engagement Strategy as an approach to reducing these
unintended consequences. This strategy involves a multipronged
approach that aims to engage clinicians in reimagining their
future EHR experiences and empower them as central
stakeholders and advocates for digital technologies to achieve
the quadruple aim of health care. Future work should focus on
evaluating the impact of these initiatives on EHR burden and
expanding the impact of this work to other digital health tools
at the organization.
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Abstract

For over a decade, Scotland has implemented and operationalized a system of Safe Havens, which provides secure analytics
platforms for researchers to access linked, deidentified electronic health records (EHRs) while managing the risk of unauthorized
reidentification. In this paper, a perspective is provided on the state-of-the-art Scottish Safe Haven network, including its evolution,
to define the key activities required to scale the Scottish Safe Haven network’s capability to facilitate research and health care
improvement initiatives. A set of processes related to EHR data and their delivery in Scotland have been discussed. An interview
with each Safe Haven was conducted to understand their services in detail, as well as their commonalities. The results show how
Safe Havens in Scotland have protected privacy while facilitating the reuse of the EHR data. This study provides a common
definition of a Safe Haven and promotes a consistent understanding among the Scottish Safe Haven network and the clinical and
academic research community. We conclude by identifying areas where efficiencies across the network can be made to meet the
needs of population-level studies at scale.

(J Med Internet Res 2022;24(3):e31684)   doi:10.2196/31684

KEYWORDS

electronic health records; Safe Haven; data governance

Introduction

Background
Electronic health records (EHRs) are routinely collected data
that are generated when an individual receives care in a health

care setting. EHRs typically contain records of medical history,
diagnoses, medications, allergies, immunizations, other
treatments, and laboratory results [1]. The records can be
generated in different settings (eg, primary care facilities, such
as clinics and health care centers, and secondary care facilities,
such as hospitals and emergency care centers). Although the
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primary purpose of EHRs is to improve the direct care of
patients, they also have some other purposes that are termed
secondary use or reuse [2]. Using EHR data in research is one
such type of secondary use [3,4].

Safe Havens are secure environments that have been widely
used to support access to EHRs for research while protecting
patient identity and privacy [5,6]. The 4 Safe Havens
collaborating as part of the UK-wide Farr Institute were
described by Lea et al [5] and were found to have different
processes, controls, and environments. In Scotland, a network
of 5 Safe Havens has been established to support EHR reuse
and, over the past decade, has enabled researchers to access
data at scale [6].

The Scottish network of Safe Havens has been highly successful
in supporting research. Over the past 5 years, the network has
supported >1000 research studies. There are a small number of
research and innovation projects (eg, the Industrial Center for
Artificial Intelligence Research in Digital diagnostics [7] and
Research Data Scotland [8]) that are collaborations across Safe
Havens. However, most research projects are delivered by a
single Safe Haven. Each Safe Haven maintains and controls
access to EHR data collected from their geographically local
regions and therefore has detailed knowledge of these data sets.
The exception in Scotland is the national Safe Haven (electronic
Data Research and Innovation Service [eDRIS]), which holds
national-level data sets. Researchers generally only access either
the breadth of the nationally held data, with high cohort
coverage, which are collected at a Scottish level, or the depth
of the local clinical data, which has more detailed information
about persons or entities from the regional Safe Havens.

Representatives from each Safe Haven within the network meet
regularly and are supported and chaired by the Scottish
government’s Chief Scientist Office. The Safe Havens
collaborate to develop and share best practices. The network is
primarily funded on a cost-recovery basis by charging
researchers for services, with some Safe Havens also receiving

some core support from the National Health Service (NHS)
Scotland Research and Development funds.

This study provides an analysis of the infrastructure, operations,
and features of each Safe Haven and assesses how these affect
the interoperability and technical options to support multi–Safe
Haven projects. We present how Safe Havens in Scotland have
protected privacy and facilitated the reuse of the EHR data.

What Is a Safe Haven?

Overview
Safe Havens have evolved as a set of processes for supporting
researchers accessing sensitive data in a streamlined and secure
way while maintaining patient confidentiality [5,9,10]. The term
SafeHaven is widely used but can have different meanings to
different people and in different contexts. Barton et al [11]
described, in detail, the origins and evolution of the term. A
Safe Haven was defined as follows:

A repository in which useful but potentially sensitive
data may be kept securely under governance and
informatics systems that are fit-for-purpose and
appropriately tailored to the nature of the data being
maintained, and may be accessed and utilised by
legitimate users undertaking work and research
contributing to biomedicine, health and/or to the
ongoing development of healthcare systems.

Concerning health data, other Safe Havens or similar
infrastructures [5,11] exist nationally [12-14] and internationally
[15-17]. Kavianpour et al [18] provided a review of trusted
research environments based on the interviews of 20 UK
national and international Safe Havens. This paper provides a
perspective on Safe Havens in Scotland and is based upon the
direct experiences of the authors.

Figure 1 provides a model of how Scottish Safe Havens are
structured. We have identified that Scottish Safe Havens mainly
offer services that are described in the following sections.
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Figure 1. Model of Scottish Safe Havens. Researchers have access to the Safe Haven application process after data governance approvals. Safe Haven
staff link and deidentify data and make them available in the analytic platform for researchers to analyze. ETL: extract, transform, and load.

A Data Processor and Data Repository Management
This involves the secure handling and linking of data from
multiple sources and possible hosting or managing of
longitudinal data (detailed information about persons or entities,
such as conditions, hospital admissions, and prescription data).
Scottish Safe Havens can also provide the function of a trusted
third party [6,19]. They can support the linkage of identifiable
information where the roles of indexer and linker (see detailed
definition in Data Linkage section) are separated so that no
single organization or individual has visibility of another
organization’s identifiable data linked to their descriptive data
[20,21]. Safe Havens function as data processors [6] for any
given data set and agree on terms with each data controller (Safe
Havens can also be the data controller) to ensure that activities
are centrally logged, monitored, and audited [6].

Analytical Platform
An analytical platform is a highly secure, high-performance
computing environment that enables researchers to securely
analyze data without the row-level deidentified data leaving the
environment (only aggregate level results can be exported).
Strict governance and controls are implemented to ensure data
security in the analytical platform.

Research Support
The Safe Haven coordinators provide support to researchers
navigating the data requirements and permissions landscape
and provide a review mechanism to share the lessons from one
project to the next. Some Scottish Safe Havens provide support
for analysis. Internal Safe Haven data scientists can help the
research group with statistical analysis.

The term Safe Haven is defined here as the overarching service
that combines the previously mentioned services: a data
processor and data repository, an analytics platform, and
research support.

The Scottish Safe Havens follow the five safes principles of a
trusted research environment—safe people, safe project, safe
setting, safe data, and safe output [14]—as described within the
Health Data Research United Kingdom green paper [14].

Scottish Federated Network of Safe Havens
The network of 5 Safe Havens operating in Scotland is
accredited by the Scottish government and each Safe Haven
adheres to the Scottish Safe Haven Charter [6]. Each offers the
3 services, which are described in the What is a Safe Haven?
section, with different data access procedures (subject to the
necessary local governance approvals), applied to different data
sources and with different standard operating procedures.

There are 4 regional Safe Havens and 1 national Safe Haven.
There is a regional Safe Haven for each research and
development node of the NHS supported by the Scottish
government’s Chief Scientist Office [22]. They are provisioned
by partnerships between the NHS boards within each research
and development node and with a leading university from the
region. Whether the primary contact organization for a Safe
Haven is an NHS board or a university differs between regional
Safe Havens (Table 1). eDRIS [23], part of Public Health
Scotland (PHS) [24], commissions the Edinburgh Parallel
Computing Centre (EPCC) [25], University of Edinburgh, to
provide the national Safe Haven. Grampian Data Safe Haven
(DaSH) [26], a collaboration between the University of
Aberdeen and NHS Grampian, is the Safe Haven for the
Grampian region encompassing Aberdeen City, Aberdeenshire,
and Moray. The Health Informatics Center (HIC) [27] at the
University of Dundee covers the Tayside and Fife regions. The
Glasgow [28] and Lothian or DataLoch Safe Havens [29,30]
are led by the NHS, covering the west of Scotland, Edinburgh,
and the South East region, and working in collaboration with
the Glasgow and Edinburgh Universities, respectively.
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Table 1. A summary table of Safe Haven properties.

Safe HavenFunction

Lothian or Dat-

aLochdHICcGlasgow Safe HavenDaSHbeDRISa (national)

General and data governance

NHSUoDh or NHSNHSUoAf or NHSgPHSeSafe Haven affiliation

UoE (EPCC)UoDUoGk (RCBl)UoAUoEi (EPCCj)Analytical platform affilia-
tion

NHSLn or
NHSnet

NHSNHSGm or NHSnetNHSnetNHSnet or EPCCNetwork for Safe Haven
services (cohort building
and linkage)

UoE or JanetUoD or Janet and
secure public
cloud

UoG or JanetUoA or JanetUoE or JanetNetwork for analytical plat-
form

NHSnetNHSnetNHSnetNHSnetNHSnet or EPCCData repository network

Lothian or
South East of
Scotland

NHS Tayside and
Fife

West of ScotlandNHS GrampianScotlandGeographical regiono

900,000850,0001.2 million600,0005.7 millionPopulationp

>20>100>100>120>600Active projects in 2020

Original data
sources

Original data
sources

Original data sourcesOriginal data
sources

PHS+NRSq+Scottish govern-
ment

Controller or controllers

Lothian or Dat-
aLoch

HICGlasgow Safe HavenDaSHeDRISProcessor or processors

Data access
committee

HIC governance
committee

Privacy advisory
committee

North Node Priva-
cy Advisory
Committee

Health and Social Care PBPPr

and Statistics PBPP

Governance committee

Data discovery or metadata

Manual or local
documents

Manual or using

RDMPu [19] au-
tomation

Manual, local docu-

ments, or TriNetXt
Manual or local
documents

Manual or NDCsFeasibility

Yes or bespokeYes or standard
(RDMP)

Yes or bespokeYes or standard
(workflow)

NoMetadata provided with
project extracts

By user or
CALIBER Li-
brary

By userLocally stored algo-
rithms or user

By userICDv code from userPhenotype or cohort develop-
ment

Data linkage and dedeidentification

InternalInternal (RDMP)InternalInternalExternal (PHS for health data)Indexer

SQL procedureWorkflow
(RDMP)

Database views (usual-
ly SQL)

SQL procedureWorkflow [31]Deidentification method

CHI Linkage
Team

InternalInternalCHI Linkage
Team or internal

NSSx or CHI Linkage TeamCHIw seeding

Analytic platform

NHSnet and
UoE (EPCC)

NHSnet and UoD
and secure public
cloud

NHSnet and UoG
(RCB)

UoANHSnet and UoE (EPCC)Archival

As sourceAs sourceAs sourceAs source or ICDAs sourceProject data content stan-
dards

CSVCSV or databaseCSVSPSS, Stata, or
CSV

CSVProject data format stan-
dards

Data repository
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Safe HavenFunction

Lothian or Dat-

aLochdHICcGlasgow Safe HavenDaSHbeDRISa (national)

1 each111≥85Data repository number

YesYesYesYesNoData repository ownership

Data dictionar-
ies

RDMPInternal shared filesInternal shared
files

NDCSource data metadata

YesyYesNoNoYesMetadata publicly available

12163≥2004085Number of data sets avail-
able

Internal (SQL
and Python)

Internal (RDMP)Business Intelligence
and Informatics in
NHSG

Internal (SQL
and Python)

Data management team PHSSource data extract, trans-
form, and load

No (propri-
etary)

No (proprietary)No (proprietary)No (proprietary)No (proprietary)Repository uses CDMz

aeDRIS: electronic Data Research and Innovation Service.
bDaSH: Grampian Data Safe Haven.
cHIC: Health Informatics Centre.
dWhen this work was conducted, the Lothian Research Safe Haven (LRSH) and DataLoch were separate (though closely partnered). Since April 1,
2021, LRSH has been integrated within the DataLoch service.
ePHS: Public Health Scotland.
fUoA: University of Aberdeen.
gNHS: National Health Service.
hUoD: University of Dundee.
iUoE: University of Edinburgh.
jEPCC: Edinburgh Parallel Computing Centre.
kUoG: University of Glasgow.
lRCB: Robertson Centre For Biostatistics.
mNHSG: National Health Service Glasgow.
nNHSL: National Health Service Lothian.
oRegional Safe Havens have governance to request regional health board data. For example, Glasgow Safe Haven can request West of Scotland Health
Board data.
pSafe Havens have access to historic records for patients who are deceased, which can increase the accessible data.
qNRS: National Records Scotland.
rPBPP: Public Benefit And Privacy Panel.
sNDC: national data catalog.
tTriNetX is a health research network tool that connects to assist drug discovery by helping pharmaceutical companies access clinical data. Glasgow
Safe Haven has a TriNetX node. For data mapped into TriNetX tool, their study feasibility can be done using TriNetX.
uRDMP: Research Data Management Platform.
vICD: International Statistical Classification of Diseases and Related Health Problems.
wCHI: community health index.
xNSS: National Services Scotland.
yCOVID-19 data dictionary is on DataLoch website.
zCDM: common data model.

Scottish NHS Data Sources

Overview
Scotland has a single health care provider (NHS Scotland) and
world-leading national health–linked data assets from birth to
death. In a high-level summary, the national Safe Haven has
direct access to health administrative data, with high cohort
coverage collected at a Scottish national level, and the regional
Safe Havens have direct access to more detailed health data

from clinical systems. Regional Safe Havens can work closely
with local data custodians, which gives them easy access to
additional data sources that are not routinely held (eg, other
health data, educational data, or police data). Access to these
other sources of data may require additional time because of
different access processes and governance approvals.

The Research Data Scotland initiative [32] has been set up to
streamline and support access to linked health and administrative
data sets across the country.
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National-Level NHS Data
The PHS collects national-level NHS [33] and administrative
data to provide health information, health intelligence, statistical
services, and advice to support the NHS in progressing quality
improvement in health and care and facilitate robust planning
and decision-making. These data sets can be accessed in the
national Safe Haven. Each health board across Scotland provides
a regular update of a subset of their identifiable administrative
data to PHS. This is standardized by PHS to create homogeneous
data within several national databases. Such data include
Scottish Morbidity Records (SMRs) and community-dispensed
prescriptions. SMR data cover several different data sets such
as SMR00 (hospital outpatient), SMR01 (acute stay hospital
admissions), SMR02 (maternity), SMR04 (psychiatric returns),
SMR06 (cancer registry), SMR11 (neonatal), and SMR25
(substance misuse). National Records Scotland (NRS) records
births, marriages, and deaths.

Prescription data are collected nationally in 2 different ways.
Through the e-Pharmacy system [34], prescriptions written by
general practitioners are captured directly in the system. The
long-standing Data Capture Validation and Pricing paid system
[35] is used in Scotland to capture dispensing data that determine
remuneration for community pharmacies. The watermarked
prescriptions go from general practitioners to the patient and
then to a pharmacy and are then collected and transferred
monthly to Data Capture Validation and Pricing or PHS for
automated processing [36].

Regional-Level NHS Data
The regional Safe Havens all receive a subset of the data from
the national standardized data sets (eg, SMR and prescribing
data) from PHS, which includes only the patients who are
residents or received health care within the relevant boards.
They also have access to the deeply phenotyped data that are
captured within local clinical systems but not collected at a
national level. For example, they have access to the following
data: microbiology, virology, laboratory test, stroke, and
echocardiology. The type and level of available local data differ
between Safe Havens. Individuals in Scotland are assigned a
community health index (CHI) number [37] when they first
interact with the health service. This is retained within their
EHRs as much as possible throughout their health history.
Regional Safe Havens use CHIs to link data sets to the nationally
captured records for the population within their region.

Research Data
In addition to unconsented access to routinely collected
administrative or clinical records, the national and regional Safe
Havens can also host or manage researcher-collected consented
data sets from many sources such as clinical trials and patient
questionnaires. Compared with routinely collected EHRs, the
research data often cover a narrower spectrum but provide more
detailed information about the individual. Participants in
research cohorts are volunteers who have consented to data
access rules approved by ethics at the outset of the study. For
example, Generation Scotland [38] is a resource of human
biological samples and data that are available for medical
research to create more effective treatments based on gene

knowledge for the health, social, and economic benefit of
Scotland and its people. Another example is the Scottish Health
Research Register [39] cohort, in which >280,000 individuals
consented and were recruited to allow for the genotyping of any
remaining blood samples after routine tests and applied them
to research on their health data [39].

Regional Safe Havens also host disease-specific study data
[40-45]. The data within these studies can be collected from a
range of sources: clinical data, patient surveys, and routinely
collected EHR data.

Some disease registries were originally created at a regional
level but were then rolled out nationally. For example, the
Scottish Care Information–Diabetes (SCI-Diabetes) [46] disease
registry was formed by curating and linking routinely collected
data from the Tayside Region. It was later developed into a
nationwide resource that now collects patient-reported outcome
data. The data collected in SCI-Diabetes are used in clinical
care. Extracts from SCI-Diabetes can also be linked on a
study-by-study basis for research studies by the regional or the
national Safe Havens.

Safe Havens can link research data to routinely collected
administrative or clinical records and provide access to the
combined data (in a deidentified form) within an analytical
platform for analysis.

Scottish Safe Havens

Overview
Each Scottish Safe Haven has its data repository hosted on the
NHS network (Table 1), except for the national Safe Haven,
which also hosts some data within the EPCC on a secure
university environment. Safe Havens have data-sharing
agreements with multiple data controllers and regularly receive
new data from them.

All Safe Havens have committed to an approach to data access
based on analytical platforms. Each Safe Haven has either
established or has access to an analytical platform.

There are differences among Safe Havens in how they achieve
the 3 main services described. Table 1 summarizes each Scottish
Safe Haven. In the following section, we discuss the Safe
Havens in detail and their common deployment features.

Data Governance and Workflow
The governance approval step looks into aspects of the project
such as ethics, peer review, funding source, public benefit, and
adherence to the five safes, as described in the What is a Safe
Haven? section. The governance approval process varies among
Safe Havens. Even for the same Safe Haven, different projects
may require different governance approval processes to satisfy
the different data controllers. However, the governance process
for a standard deidentified project where data are accessed in
an analytical platform is relatively streamlined. Each Safe Haven
has a delegated governance authority or committee, as shown
in Table 1, which is relatively fast and includes representatives
from sponsors, ethics, lay members, and the NHS board to
streamline the governance process. For the DaSH Safe Haven,
projects with local researchers using local data can obtain
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governance approval through the North Node Privacy Advisory
Committee process. The HIC Safe Haven’s standard projects
(where deidentified data are analyzed by approved academic
researchers within the analytical platform and the activity is
funded by a peer-reviewed research grant) are covered by a
blanket governance approval. The list of the supported standard
projects is provided to the relevant governance committee for
information rather than a request for approval for each one
before the research commences. For Lothian or DataLoch,
projects involving deidentified data within an analytical platform
can obtain governance approval through their local data access
committee process, which includes delegated Caldicott review.

Most Safe Haven responses to project requests adhere to a
standard set of processes (eg, deidentified linked data are
provided within an analytical platform for academic research).
In exceptional circumstances, some projects require a different
model, and such exceptions need to be justified to obtain
governance approvals. Example exceptions include the prepared
project data not being placed in an analytical platform and the
project data having some identifiable information.

To work on identifiable EHR data within a data repository, Safe
Haven staff members are either NHS employees or have
honorary NHS contracts. All Safe Havens have rule-based
segregation of the teams, specifying those with and without

access to identifiable data. Only a handful of people in each
Safe Haven can access the NHS network and see identifiable
data. Other data sources (eg, administrative data generated by
the government or research data generated by research
institutions) can be linked to EHRs. The linkage is performed
by the Safe Haven data linkage team, and the linked data sets
are then hosted on the analytical platform for the approved
researchers or investigators to access. At each stage, there is an
oversight step to ensure all procedures are correctly followed
and no unintentional identifiable data are released.

The project workflow for a data request is consistent across the
Safe Haven network, as shown in Figure 2. In the first step, the
Safe Haven team runs research feasibility queries to identify
the data needed for the research topic. Once funding and
governance are in place, data linkage is conducted (as required).
Data extracted from the NHS network are deidentified,
validated, and assessed for disclosure before being released into
the analytical platform. The details of linking and
deidentification are given in the Data Linkage and Data
Deidentification sections. The section Data Formats in the
Analytical Platform provides discussions on the analytical
platform support and data support. The archiving procedure of
each Safe Haven and the infrastructures of each Safe Haven’s
data repository are discussed in the Data Repository
Infrastructure section.

Figure 2. The Safe Haven project workflow describes the stages a Safe Haven takes to support a typical project. (1) Data discovery and research
feasibility—users will initialize the application on the data governance aspects; (2) (optionally) index and link a research data set or administrative or
clinical data set for hosting at a given analytic platform; (3) cohort building the selected or agreed data from Safe Haven data sets; (4) the transfer of
extracted data to an analytic platform after the data governance has been checked; a user analyzes analytic platform data set. The project data set is
archived at the end of the project.

Data Discovery and Metadata
Research feasibility analysis and data discovery remain a manual
process involving discussions between researchers and the Safe
Haven teams. During the project planning stage, researchers
contact the relevant Safe Haven by email or phone call. Data
discovery and research feasibility are conducted by document
exchange or a face-to-face meeting. Safe Havens in Scotland
require a meeting to capture the requirements of each study and
guide the governance process. Research feasibility is conducted
by the Safe Haven by generating aggregate numbers for cohort
or subcohort sizes based on the requirements defined by the
researcher or researchers (eg, the number of people in the data
with diabetes who are aged >65 years and who regularly have
a prescription for insulin).

Researchers normally specify a phenotype or public phenotype
algorithms to identify the correct cohort for their study. As
shown in Table 1, no common standard procedure exists among
the 5 Safe Havens to capture and reuse phenotype algorithms.
However, DataLoch also uses the CALIBER phenotype library
[47], whereas the Glasgow Safe Haven uses a suite of local
matrix file storage phenotype algorithms, based on standard or
published methods, which have been quality checked by
clinicians. As the eDRIS mainly works on national data sets
using the International Statistical Classification of Diseases and
Related Health Problems (ICD) standard [48], it usually agrees
on what the ICD codes are with the researcher and conducts the
cohort building using the codes and any date or other constraints
given by the researcher. The remaining Safe Havens—HIC and
DaSH—normally rely on the researcher to define the cohort
themselves, where researchers have the choice of phenotype
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definition (eg, CALIBER phenotypes or ICD codes). Cohort
identification is sometimes an iterative process between
researchers and the Safe Haven team where a data constraint is
applied, the impact on cohort size is observed, and the constraint
is adjusted to optimize the cohort.

At the national level, PHS produces a national data catalog [49]
as a single definitive resource of information on Scottish health
and social care data sets to assist cohort discovery.

Metadata provides the semantics associated with the Safe Haven
data sets. There is limited visibility of the metadata and data
provenance available from regional Safe Havens. Most of the
Safe Havens list the names of their easily accessible databases
on the web [24,26,28-30,49,50] and provide researchers with a
brief overview of the most commonly accessed data sets. Both
HIC and eDRIS add their metadata and data sets to the Health
Data Research Innovation Gateway [51]. There is no common
structure in EHR data storage across the health care system in
Scotland. As only a limited number of data scientists and
analysts have experience in handling NHS data, this lack of
visibility of metadata and data provenance can lead to a gap in
understanding by data scientists and analysts about what data
are available. Some Safe Havens will only release detailed
metadata once they have an initial understanding of the project’s
needs. There are multiple initiatives, both internal [7,52] and
external [8,51], that aim to improve the metadata visibility
within the Scottish network of Safe Havens.

Research projects benefit from having clinical investigators
who are familiar with NHS data or data scientists and analysts
who have previous experience in working on Safe Haven
projects within their project team. Such individuals can help
identify what data are available and advise and support the data
scientists and analysts working on the project. Most Safe Haven
projects generally require a suitable sponsor with relevant
expertise to take responsibility for the initiation and management
of the project and support the project as an ethical safeguard.

All 5 Safe Havens provide research projects with metadata at
the field level once a project is funded and approved and data
extracts are provided for analysis. However, feasibility
discussions will generally take place at the conceptual level.
For example, a cohort definition may involve a fasting glucose
constraint. The Safe Haven team will confirm that such a
constraint is possible without disclosing the precise fields. To
avoid bias and to get researchers to articulate what they need
and what is available, this conceptual-level feasibility can be
quite limiting. The same could be true of the data extract
requested (eg, delivering BMI rather than height and weight).
However, data extraction and delivery are generally at the field
level, and field-level metadata are provided to ensure researchers
can perform their analyses.

Table 1 shows that eDRIS provides metadata details on its
website metadata (similar to the Cribsheet [53] on SMR), which
can be used by researchers to define the fields they need when
applying for data access. Researchers using regional Safe
Havens can also use this metadata information for the nationally
standardized data sets that the regional Safe Havens hold for
the subset of their region (eg, SMR data). None of the Safe

Havens provide non–field-based metadata, such as through an
ontology.

The eDRIS Safe Haven does not provide bespoke metadata to
the user when delivering the project data. DaSH and HIC Safe
Havens have a standard workflow and delivery format for
supplying project-specific metadata to each project. In the
Glasgow and Lothian or Dataloch Safe Havens, projects are
provided with all available metadata and provenance
information. No standard format is used, and thus, the included
information varies from project to project.

Safe Havens have different approaches to storing metadata about
data sets in their data repositories. For eDRIS, PHS updates and
maintains the national data catalog that contains all the metadata
for national data sets. The HIC Safe Haven uses an in-house,
open-source software tool called the Research Data Management
Platform (RDMP) [19] for importing data to their servers. The
RDMP generates consistently formatted metadata for imported
data sets. The Lothian or DataLoch Safe Haven provides data
dictionaries, which include metadata, for all the data sets in
their Relational Database Management System (RDBMS). The
Glasgow Safe Haven and the DaSH Safe Haven have internal
document spaces to host the metadata and provenance provided
by various data sources, which are manually entered and updated
by staff. The lack of standard procedures in the Scottish Safe
Haven network has resulted in the available metadata varying
among data sets. Highly processed data sets—which have gone
through extract, transform, and load (ETL) procedures—have
field parameters and rules imposed on them. These data sets
have rich metadata associated with them. However, most clinical
data are inherently of variable quality, with poor coverage and
inconsistent and missing fields. The data set metadata do not
typically inform the user of the data variability or quality issues
in the original data.

Data Linkage

Overview
To answer many research questions, data linkage is required to
enrich information about a defined cohort. Some Safe Haven
projects involve linking NHS data with non-NHS data. Figure
3 illustrates the indexing and linking services in the Scotland
Safe Haven network.

According to the guiding principles of data linkage [21], an
indexer is defined as follows:

Individual (or body) who receives personal data from
one or more Data Controllers and determines which
records in each dataset relate to the same individual
(or entity). The indexer creates a unique reference
for each individual (or entity) and a corresponding
key to allow the data from the different sources to be
joined.

Thus, an indexing service [21] returns a unique identifier for
each individual, given an input data set of identifying
information (eg, name, address, date of birth, and other
operational identifiers such as CHI number). The relationship
between the identifiers associated with multiple data sets is
maintained by the indexing service. The indexing service does
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not have visibility of the descriptive data pertaining to any
individual (also termed payload data, eg, an individual’s hospital
admission information).

A linker or linking service is defined as follows: “Individual
(or body) who receives datasets from data controllers and links
them together using a key created by the indexer” [21].

In this way, only output identifiers from the indexer service are
exposed to the linker; only the linking service and the
researchers see the linked data [20].

In Scotland, the NHS maintains the CHI. This is a patient
identifier that concatenates a unique number, the person’s date
of birth, and their sex. CHI numbers are allocated at birth or on

the first contact with the NHS in Scotland [37]. Linking health
data to other data where both data sets already contain CHI
numbers is straightforward. All 4 regional Safe Havens do this
when preparing data for placement in an analytical platform
using either software tools (eg, HIC use RDMP [19]) or RDBMS
user interfaces.

The national Safe Haven, eDRIS, has established a data indexing
and linkage procedure [31]. The input identifiers are personal
identifiers, and the output identifier is an anonymized ID. eDRIS
only receives data from providers with anonymized IDs and
acts as a linker, placing the integrated data into a secure
environment.

Figure 3. Data indexing and linking services in Scotland. CHI: community health index; COPD: chronic obstructive pulmonary disease; NHS: National
Health Service.

CHI Seeding
When linking to a source data set that does not have CHI
numbers but features other identifiers, the indexing team will
use probabilistic matching against the population spine. Related
to the CHI, the population spine [31] contains the personal
identifiers of all individuals in Scotland who have been in
contact with NHS Scotland. The process of matching source
data sets to the population spine is known as CHI seeding. The
recent seeding of regional social care systems with CHI is an
example of this. CHI seeding is also important for historical
data analysis of EHRs before the introduction of CHI indexing.
In Scotland, 2 teams provide national-level CHI seeding using
probability matching: the NRS Indexing Team and the PHS
CHI Linkage Team (CHILI). When a research project only
needs NHS data, indexing would be conducted by CHILI.

Both eDRIS and the Lothian Safe Havens rely on the NRS or
CHILI for CHI seeding. DaSH Safe Haven provides CHI
seeding through the NRS Scotland’s indexing team; they will

only do it themselves when they have specific personal
identifiers available, such as patient name, and the data set
comprises only a small amount of local Grampian patient records
(approximately 500 people). Glasgow and HIC Safe Havens
have a more established probabilistic matching routine
developed and normally perform CHI seeding themselves. HIC
has worked with local authorities to CHI seed their nonhealth
data to be able to link it to health data.

Data Deidentification
Deidentification is undertaken before a Safe Haven provides
the data to an analytical platform for the researcher to access.
Deidentification replaces information that could identify an
individual in a data set with a study identifier (ID) for that
individual, which is specific to that study, or dilutes the identifier
to remove its individual nature. In linked, deidentified data sets,
the study ID is the same across data sources, enabling
researchers to link these data sources and understand which data
correspond to the same individual within that study but without
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knowing their identity. This also means that deidentified IDs
are unique to that project, and therefore, the same individual
will have different IDs in different projects.

In general, Safe Havens apply consistent rules to identifiable
data fields. Customizing deidentification rules based on the
bespoke project requirements, governance approvals, and the
variety of data sets can be accommodated. The treatment of
identifiers depends on the project’s specific justification
following data minimization principles [21]. For example, a
date of birth can be processed to the first day of the month or
be replaced with age-at, or it can be removed if it is not
considered necessary for the analysis. A postcode can be
replaced with a deprivation score or a Scottish Index of Multiple
Deprivation rank [54], or it can be removed from the data. For
biometric data, where, for example, the weight and height of
the individual are included, Safe Havens often put such values
into ranges. Each Safe Haven follows standard operating
procedures for reproducibility, consistency, and error reduction.
The Scottish Safe Havens are data controllers under the
European Union provisions of the General Data Protection
Regulation and are individually responsible for their local data.
The Scottish Safe Havens are accredited by the Scottish
Government and International Organization for Standardization
27001 [55,56] on the common information security standard.
The Scottish Safe Haven network has not adopted a
cross-network risk of reidentification metrics [57-59]. The five
safes principle [14]—safe people, safe project, safe setting, safe
data, and safe output—ensures that the risk of reidentification
is very low.

All Safe Havens indicated that they find it challenging to
deidentify clinical reports and other documents containing free
text, which often contain personal identifiers such as phone
numbers and names. Safe Havens often exclude entire fields
from research extracts when they are not confident that such
fields are safe to release. The Industrial Center for Artificial
Intelligence Research in Digital diagnostics [7] uses hidden in
plain sight techniques for identifiable data on images. eDRIS
has developed algorithms to remove personal identifying
information from the dose instructions on the Prescribing
Information System (these can also extract structured
information such as dose unit and frequency). As part of the
Scottish Medical Imaging service [60] and PICTURES [61],
there is work in progress to deidentify and create metadata from
the text written by radiologists on their findings. This uses
natural language processing and the CogStack framework [62].

Data Formats in the Analytic Platform
In general, Safe Havens make few changes to the source data
provided to researchers, these changes being limited to the
process of deidentification. For example, there has been no
attempt to harmonize data through the transformation of
diagnosis codes or drug codes, where significant versioning
occurs in longitudinal data. However, some Safe Havens do
add derived data to data sets. Within HIC, for example, these
data derivations and transformations can be applied either within
the Safe Haven or at the point of extracting a deidentified
research data set. This is done using RDMP, an open-source

solution that allows custom coding, or a researcher-created
statistics package code to be executed in a repeatable and
reproducible manner. When requested by the researcher, DaSH
Safe Haven can provide the Charlson Comorbidity Index [63]
and Tonelli codes [64] alongside the ICD codes. Although data
standards are not applied at data extraction and delivered to an
analytical platform, standards are enforced for nationally
captured data sets. A team in PHS works with the health boards
and system suppliers to ensure the use of standards (eg, SMR
data must be structured in an agreed-upon way and use
agreed-upon coding systems for content).

Safe Havens make their best efforts to accommodate the
requirements of projects. However, the software available in
most analytical platforms is limited (Microsoft Office packages,
SPSS (IBM Corp) [65], Stata (StataCorp) [66], SAS (SAS
Institute, Inc) [67], and R (R Foundation for Statistical
Computing) [68]), and thus, the output data formats are also
limited to R, Excel, SPSS, or Stata files. The exception is the
recently launched HIC hybrid, cloud-based, scalable analytical
platform. This also includes the capability for software
development, machine learning, and artificial intelligence
development, including Python [69], Matrix Laboratory [70],
and a suite of tools within Jupyter Notebooks (Sagemaker
instance) [71] such as TensorFlow. The environment is also
being enhanced to support multi-omic data [72] analysis through
pipelines, using tools such as Plink [73] and Nexflow [74] with
resource scheduling through Amazon Web Services Batch [75].
The analytical platform provides graphics processing units and
high-performance computing capabilities.

For larger projects, where the number of rows is too high to
manage in other formats, the HIC Safe Haven provides the data
in an RDBMS in the analytical platform for use by researchers.

Researchers rely upon Safe Havens to archive the raw data and
derived data products from their analysis as they are not
permitted to export any of that data from an analytical platform.
A research project may be archived for a period of between 5
and 30 years, depending on regulations and researcher or funder
requirements. Archiving typically takes place using the
analytical platform infrastructure. There can be significant costs
for storing and securing large amounts of data, and a policy for
long-term archival is being jointly developed by the Scottish
Safe Havens.

Data Repository Infrastructure
Safe Havens have their source EHRs on the NHS network,
which are transferred to the service network (where the cohort
building and linkage take place; Figure 1) when required. They
create cohorts and associated data on the NHS infrastructure
before the data go through the Safe Haven functions of linkage,
deidentification, and transfer to analytical platform or platforms
for researchers to access. The exception is eDRIS, which has
some data sets managed securely in a university environment
by EPCC.

The infrastructure and the ETL process for those data
repositories vary among Safe Havens (Figure 4).
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Figure 4. Safe Haven data repository networks. Upper row from left to right: electronic Data Research and Innovation Service, Health Informatics
Center, and Glasgow Safe Haven. The lower row from left to right: Lothian, DataLoch, and Grampian Data Safe Haven Safe Haven. BI: Business
Intelligence and Informatics; DaSH: Grampian Data Safe Haven; eDRIS: electronic Data Research and Innovation Service; HIC: Health Informatics
Center; NHS: National Health Service; PHS: Public Health Scotland; RDMP: Research Data Management Platform; SH: Safe Haven.

As shown in Table 1, eDRIS has access to 85 national NHS
data sets; these are updated and maintained by PHS. There are
data sets that eDRIS cannot access routinely; however, for a
known cohort, they can request data from other teams within
PHS. The data management team within PHS performs quality
assurance after ETL using R or SPSS (in cases of legacy data).
In addition to providing data to eDRIS, the data are also used
to run hundreds of different reports and publications by other
teams within PHS.

HIC’s data repository infrastructure and NHS Tayside or Fife
data are colocated within the same data center. The HIC runs
the University of Dundee–owned and managed servers
connected to the NHS Tayside network and receives regular
feeds of data from the NHS Tayside clinical systems and PHS
(covering consented cohorts of research data and for the patients
within the Tayside and Fife regions). The RDMP tool takes data
from the feeds and performs ETL to clean and transform the
data, which are then stored within structured databases.

Glasgow Safe Haven’s data repository mirrors some data from
the routine data systems that are maintained by Business
Intelligence and Informatics in NHS Glasgow. For custom NHS
data or data collected for research projects (eg, some SMR,
Prescribing Information System, all audit data, device data, and
trial data), Glasgow Safe Haven staff will conduct the ETL
themselves.

Lothian or DataLoch data repositories residing on the NHS
Lothian information technology infrastructure use stored Python
or SQL to load data updates from PHS and data feeds via

Business Intelligence and Informatics within NHS Lothian for
copies of data from local clinical systems.

NHS Grampian’s health intelligence team updates the DaSH
Safe Haven repository monthly. Both Lothian or DataLoch and
DaSH Safe Haven deal with changing data formats by separating
new and old data.

Discussion

Principal Findings

Overview
Scotland has many strengths regarding enabling EHRs for reuse.
There is a single NHS where patients are allocated CHI numbers
that can be used to link their entire patient history. The Scottish
network of Safe Havens has similar architectures, adheres to
the Scottish Safe Haven Charter [6], is accredited by the Scottish
Government and International Organization for Standardization
27001 [55,56], and is the common information security standard.
Each regional Safe Haven has a rich and deep data source from
their local health boards, and the national Safe Haven has the
breadth of a whole-population view and close links to other
health and social care data sources.

All the Safe Havens make use of two networks: (1) an analytical
platform set up within university-managed networks and (2)
data repositories set up mainly on NHS networks. The existing
operational separation of source data repository, linkage
infrastructure, and analytical platform provides a solid

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31684 | p.332https://www.jmir.org/2022/3/e31684
(page number not for citation purposes)

Gao et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


foundation for increasing collaborative work across national
and multi–Safe Haven projects.

There are some barriers, as highlighted in the Scottish Safe
Haven section, to making multi–Safe Haven projects as
streamlined as possible. Addressing them in a coordinated
manner would pave the way to achieving a federated system of
Safe Havens in Scotland. These opportunities for improvement
are described in the following sections.

Data Visibility
The depth of the Scottish data, which are hosted by regional
Safe Havens (described in the Scottish NHS Data Sources
section), is not widely used by the wider community. These
data sets are unique to each regional Safe Haven and are difficult
to bring up to a consistent national level. Interactions with
researchers for feasibility, generating aggregate numbers,
scoping projects, and providing quotes for work can be resource
intensive. Many data requests to regional Safe Havens are from
frequent users who know the specific data structures and
terminologies used by each Safe Haven well. In making the
regional data more visible and accessible, researchers will be
better able to run projects using data from multiple Safe Havens.

Data Standards and Common Data Models
As shown in Table 1, the Safe Havens accept data that use any
number of standards. Owing to the processing efficiency, the
create and destroy model mandated by the Safe Haven Charter,
and the fact that researchers normally prefer to have the original
data, there has been little attempt to harmonize extracted data
for placement in analytical platforms. If common data models
such as Observational Medical Outcomes Partnership [76] and
i2b2 star schema [77] were used, either for data repositories or
analytical platforms, the burden on multi–Safe Haven projects
would be reduced, and operational access to data would be faster
and more predictable.

Governance
In the Safe Haven network, access to linked data is fragmented,
with researchers and health care providers having to work with
Safe Havens to obtain local, regional, or national data
controllers’ approvals. Data governance, in general, is much
easier at a local level. At the Scottish national level, application
forms for submission to the Public Benefit and Privacy Panel
for Health and Social Care and Statistics Public Benefit and
Privacy Panel are normally required. This is a complex process
and can take significant time for review and approval.

With the experience and knowledge gained from supporting
projects requiring diverse local and regional data sets [78,79],
and building capability for a federated network, we propose that
the following aspects of the network be addressed in future
research:

• The establishment of a shared method for cataloging and
managing metadata would facilitate data discovery and
research feasibility.

• To facilitate cross–Safe Haven data governance,
standardization of the application interface specifications
to Safe Havens would permit easier cross-access of Safe
Havens by researchers.

• Health care delivery is explicitly devolved to local structures
via health and social care partnerships in Scotland and
associated legislation. With functions devolved to individual
health boards, the linking of regional, available data will
require greater collaboration across the organizations and
appropriate benefit shares.

Conclusions
The Safe Haven network in Scotland has supported over a
thousand projects in the past 5 years, underpinning world-class
research outputs. It not only brought grant research, jobs, and
funding to Scotland but also enabled international health
research with many countries such as Brazil and India.

This paper reports on the operational assessment of each of the
4 regional Safe Havens and the national Safe Haven. We
compared a set of functions and services related to data forming
part of EHRs in Scotland. We have described the operation of
Scottish Safe Haven data services and functions and their
technical implementation from the following points of view:
(1) data governance and workflow, (2) data discovery and
metadata, (3) data linkage, (4) data deidentification, (5)
analytical platforms, and (6) data repository infrastructure. The
results obtained should assist the Scottish Safe Havens to scale
operations to larger cohorts and more diverse data, reduce
timescales and operate more cost-effectively. More importantly,
this work identified the responsibilities and work needed for
each Scottish Safe Haven to contribute to the building of a
national federated data-sharing platform. Although this paper
has focused on experiences across Scotland, the findings will
be of interest nationally or internationally to inform the
understanding of the challenges that exist for the reuse of EHR
data in clinical and other kinds of research.
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Abstract

Health care delivery is undergoing a rapid change from traditional processes toward the use of digital health interventions and
personalized medicine. This movement has been accelerated by the COVID-19 crisis as a response to the need to guarantee access
to health care services while reducing the risk of contagion. Digital health scale-up is now also vital to achieve population-wide
impact: it will only accomplish sustainable effects if and when deployed into regular health care delivery services. The question
of how sustainable digital health scale-up can be successfully achieved has, however, not yet been sufficiently resolved. This
paper identifies and discusses enablers and barriers for scaling up digital health innovations. The results discussed in this paper
were gathered by scientists and representatives of public bodies as well as patient organizations at an international workshop on
scaling up digital health innovations. Results are explored in the context of prior research and implications for future work in
achieving large-scale implementations that will benefit the population as a whole.

(J Med Internet Res 2022;24(3):e24582)   doi:10.2196/24582
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Introduction

Health care delivery is undergoing a rapid change from
traditional processes toward the use of digital health services
[1-3], that is, “tools and services that use information and
communication technologies to improve prevention, diagnosis,
treatment, monitoring, and management of health-related issues

and to monitor and manage lifestyle habits that impact health”
[4]. With this shift also comes a move to precision medicine
[5] and precision health [6]. Hospitals and health care providers
introduce hospital information systems [7,8], electronic health
records [9-11], and telemedicine solutions for more efficient
workflows within and beyond institutions [12,13]. Many people
are choosing among a wide range of digital health services
provided by wearables and mobile phone apps that support their
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self-management, health, and well-being [14]. These
technologies may increasingly employ digital biomarkers to
sense states of vulnerability [15,16], text- or voice-based
conversational agents for intervention delivery [17-19], or a
mixture of human and digital support via blended treatments
[20,21]. These digital health services may be able to intervene
with the right type of support, at the right time, while including
contextual factors that offer a distinct contribution outside of
human-delivered care [22]. Even though the number of existing
services is growing, not many users are currently taking full
advantage of these services. However, a better adoption by users
would facilitate the diffusion of these innovative services [23].
The question of how sustainable digital health diffusion can be
successfully achieved by scaling up individual services, that is,
reaching more people benefitting from them [24], is not
sufficiently solved yet, despite plenty of theoretical insights
being available. To also consider a practical perspective, experts
of digital health services gathered at a workshop. The results
of the workshop combined practice- and research-based
perspectives, which were matched with theoretical insights in
this paper. Therefore, this paper goes one step further toward
proposing a solution for the issue of scaling up digital health
innovations by identifying and discussing barriers and enablers
from a holistic point of view. Owing to the special circumstances
of the workshop being held right at the onset of the COVID-19
pandemic in Europe, a discussion on how these barriers and
enablers were affected by the COVID-19 crisis is also provided.

Workshop Context and Contents
Barriers and enablers for scaling up digital health innovations
were identified and discussed in the context of a conference
workshop. The workshop participants, who are also coauthors
of this paper, were both junior (n=8) and senior scientists (n=2)
and representatives from nongovernmental organizations (n=2)
and a home care provider (n=1). The participants came from
diverse countries with backgrounds in public health,
implementation science, information systems research, and
computer science. Many of the participants had several years
of experience with the design and implementation of digital
health services. All participants came together at the “1st
International Workshop on Best Practices for Scaling-Up Digital
Innovations in Health care–Scale-IT-up!” The workshop was
held at the BIOSTEC conference in Valletta, Malta, on February
25, 2020 and spanned 3 sessions, with 5 papers presented by
some of the workshop’s participants [25-29]. Two keynote
speeches on digital health innovations were given by Lisa A
Marsch from the Dartmouth College in the United States and
Diane Whitehouse from the European Health Telematics
Association in Belgium, who both have extensive experience
in scaling up digital health innovations. For example, Dr Marsch
codeveloped the most empirically supported digital behavioral
therapy for substance use disorders: it became the very first
“prescription digital therapeutic” approved in the United States
by the Food and Drug Administration [30-32]. Diane
Whitehouse, as principal eHealth consultant in European Health
Telematics Association, has followed a range of scaling-up
projects. Examples include one related to telemedicine [33] and
another related to integrated care [34]. Based on this experience,
both keynotes presented insights from various international

initiatives and projects. With the agreement of the speakers, the
presentations and keynotes have been made available to the
general public [35]. Each presentation provided a different focus
on what drives the successful scale-up of digital health
innovations: for example, how financial incentives need to be
defined to motivate patients to adopt digital health innovations
successfully. Based on the input of all presenters, the last
workshop session featured a discussion of all 13 speakers and
workshop participants on best practices and challenges for
scaling up digital health innovations. This last workshop session
forms the basis for the method used to identify the relevant set
of enablers and barriers.

Methods

The discussion during the last session of the workshop followed
a structured approach. To this end, 2 topic leaders—one each
for the topics of barriers and enablers—were determined. The
remaining participants were then split into 2 groups. Both groups
undertook a 2-round group process, with discussions on barriers
and enablers.

In the first round, the groups identified either enablers or barriers
for scaling up digital health innovations depending on their
initial topic assignment. This identification was carried out
according to the brainwriting technique [36], with each
participant writing down items individually. This process
enabled the participants to take their time and to be equally
involved in the process. Afterwards, each participant presented
and explained their list of enablers or barriers to the group so
that the ideas could be consolidated and clustered. This process
took 20 minutes before group members switched to the other
topic (ie, from enablers to barriers and vice versa). The 2 topic
leaders remained to inform the other group members about the
intermediate results.

In the second round, the other group was informed about the
results of the first round and could extend and revise these
findings. Finally, all participants were given the final results,
which were discussed and consolidated until a group consensus
between all 13 participants was reached. Owing to our
clustering, some items could have been mentioned multiple
times and therefore carried more weight than others. However,
no weights were added after identifying and discussing the
findings. Afterwards, the raw results of each topic were digitized
and categorized, and duplicates were removed. Finally, the
results were aggregated and aligned with the existing work of
DeLone and McLean [37] regarding enablers and Kowatsch et
al [3] regarding both enablers and barriers. This allowed us to
validate the results gained and to assess whether new aspects
have been identified.

Results

In total, 36 enablers and 33 barriers were identified in the
workshop session. To align these enablers and barriers with
prior research, they were grouped in categories classified by
DeLone and McLean [37] as enablers and Kowatsch et al [3]
as both enablers and barriers. To further understand the context
of digital innovations in health care, the aspects were also
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grouped according to 5 various levels of influence [38], namely,
the micro, meso, macro, and the technology/innovation level,
or in an overarching category. Some barriers and enablers cannot
be influenced by only one of the 4 levels and were therefore
grouped into an overarching category.

Overarching aspects that are influenced by all stakeholders
involved on all levels are leadership, culture, interdisciplinary
cocreation, innovation characteristics, and methodology.
Although missing leadership in projects is an exemplary barrier
hindering the scale-up of digital health innovations, dialogue
between all stakeholders involved can be supportive. Further,
a culture in favor of digital health innovations needs to exist,
as it otherwise hinders the scale-up process when not existent.

If interdisciplinary cocreation is missing, this can be a barrier,
while collaboration between stakeholders or stakeholder
engagement are exemplary enablers: indeed, the importance of
the “quadruple helix” [39] and engagement cannot be
understated. Characteristics of the innovation itself and the
methodology mainly act as barriers for digital health
innovations. Participants referred to a lack of trust when
transferring existing solutions to new contexts (the “not invented
here” dilemma). Named as a further potential barrier, a pace of
multistakeholder innovation that is too high may lead to
piecemeal approaches or to not paying heed to past
successes/failures in other settings when designing new
approaches. All overarching barriers and enablers are presented
in Table 1.

Table 1. Overarching enablers and barriers for scaling up digital health innovations identified in the workshop and aligned with prior work.

BarrierEnablerCategory

Missing leadership in projectsContinuous dialogue between academia, industry, govern-
ment, and other stakeholders to facilitate policy-relevant
research and increase scale-up of science-based best prac-
tices

Visionary leadership: clear idea of leadership what the
digital health innovation should look like in the future

Care management: managing medical conditions more ef-
fectively by patient-centered approach that is designed to
assist patients and their support system

Leadershipa

Inherent characteristics and preferences of specific user
groups

—cUser cultureb

Missing cocreation (designers of digital innovation do
not include medical, information technology, and business
staff)

Gap between technology developers/researchers and
health care practice (involved parties have an opposing
understanding or underestimate the time needed to com-
plete relevant steps)

Knowledge in silos (data and document systems of the
digital innovation are not shared between all people in-
volved)

Missing common goal (goals of different stakeholders do
not align)

Collaboration between medical experts, computer scientists,
business experts, etc

Continuous dialogue between academia, industry, govern-
ment, and other stakeholders to facilitate policy-relevant
research and increase scale-up of scientifically validated
best practices

Employee involvement (direct participation of staff, eg,
applying own ideas, expertise, efforts for developing digital
health interventions)

Engagement of diverse stakeholders/stakeholder engage-
ment (involving stakeholders in the systematic identifica-
tion, analysis, planning, and implementation of actions for
the digital innovation)

Interdisciplinary cocreationa

Who pays the risk of innovation? (liability issues and
uncertainties when digital health innovations are integrat-
ed into the treatment process)

Too high pace of technology inventions (many technical
improvements in a short time making it difficult to imple-
ment them owing to a steady flow of new technologies)

Need for speed (rapidity/pressure of change)

The “not invented here” dilemma (successful and effective
digital innovations are not implemented when users or
clinicians were not involved)

—Innovation characteristicsa

Selection bias (certain types of professionals or clinicians
are more interested in developing digital innovations;
furthermore, certain users may be more eager to partici-
pate and use digital innovations)

—Methodologyb

aAdditional category based on conclusions from the workshop.
bCategory adopted from Kowatsch et al [3].
cNot available.
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Barriers rather than enablers were identified on the macro level,
referring to legislation, regulation or finance guidelines, and
the respective stakeholders. The characteristics of regulation,
funding, reimbursement, and planning are currently mainly
hindering a successful scale-up of digital health innovations.
Liability issues or the generally missing innovation-friendliness
in the health care system together with missing funding or
reimbursement can be named as examples. Further, the experts
shared their experience that the aim of most research is not a

successful implementation. All barriers and enablers on the
macro level are presented in Table 2.

The meso level, for example, the community around individual
end users, on the contrary, seems to enable the scale-up of digital
health innovations rather than hinder it. Even though using
different infrastructure systems as regional infrastructure can
be a barrier, culture and social support can help in raising
awareness and building capacity and trust. All barriers and
enablers on the meso level are presented in Table 3.

Table 2. Enablers and barriers for scaling up digital health innovations on the macro level identified in the workshop and aligned with prior work.

BarrierEnablerCategorya

Legal regulations (legislation that regulates development
and market entry for digital health innovations)

Liability issues (unclear who is responsible for the safety
and possible claims that could arise in the future)

High regulatory barriers (overhead to develop and dis-
tribute digital innovations is high)

Health system is not innovation-friendly

A method for approval of market entry (guidelines and rules
along which new digital innovations can be developed and intro-
duced, eg, Digital Health Applications process from the German
Federal Institute for Drugs and Medical Devices) [40]

Legislative change (recent changes improving the development,
implementation, and reimbursement of digital health innovations,
eg, Digital Healthcare Act [Digitale-Versorgung-Gesetzes] passed
on December 19, 2019, the “app on prescription” for patients
was introduced into health care [sections §§ 33a and 139e of the
Fifth Book of the German Social Code Book V])

Regulatory issues

Missing funding (funding necessary for the development
and accreditation of digital health innovations is often
missing)

—bFunding

Reimbursement is not guaranteed (unclear whether health
care providers will get paid for using/prescribing the
digital health innovation)

—Reimbursement

The aim of the research is not a successful implementation—Planning

aAll categories were adopted from Kowatsch et al [3].
bNot available.

Table 3. Enablers and barriers for scaling up digital health innovations on the meso level identified in the workshop and aligned with prior work.

BarrierEnablerCategorya

Different infrastructure systems are used (eg, different
database, digital health records, diagnosis, and treatment
codes)

—bRegional infrastructure

—Organizational change (change from one state of affairs to an-
other in the form of, eg, company’s structure, strategy, policies,
procedures, technology, or culture)

Capacity building (obtaining, improving, and retaining the skills
knowledge, tools, equipment, and other resources needed to
achieve organizations’ goals)

Awareness raising (inform and educate individuals about a
topic or issue with the intent to change their attitudes, behaviors
and beliefs, eg, the potential of digital innovations for health)

Prioritization of trustworthy digital health (professionals and
users need to trust in the digital health innovations’effectiveness
and safety)

Culture

—Trust building (increasing the users’ trust in the safety and ef-
fectiveness as well as the vision and mission of the digital inno-
vation and the individuals or organizations involved)

Social support

aAll categories were adopted from Kowatsch et al [3].
bNot available.

On the micro level, the level of individual end users, the
recommendation of digital health innovations by physicians
(social support) can enable their scale-up. Other individual

characteristics of the end users, for example, lacking motivation
or trust, their individual resources, or negative associations are
rather hindering. The latter two mainly refer to the
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physicians/professionals as end users as they could be affected
by additional work or see digital health innovations as a threat,
negatively influencing their scale-up. All barriers and enablers
on the micro level are presented in Table 4.

Technical aspects, particularly aspects regarding the innovation
itself, form the largest group of enablers and barriers named by
the experts. The categories related are information quality,
usability, integration, interoperability, the business model,
standards, and the innovation process itself. Although
information quality (eg, open source) is seen as an enabler,
usability is only seen as a barrier if not well-thought-out (eg,
lack of ease of use, too high complexity). Integration and
interoperability aspects can hinder the innovation if not
sufficiently considered but can also support actively the

innovation’s success. Providing incentives or added value and
having the business model in mind already at an early stage are
important aspects for successfully scaling up digital health
interventions. If, on the contrary, no suitable business model or
no sufficient value propositions exist, it can easily turn into a
hindering factor. Standards are a category, which only supports
the scale-up of digital health innovations if appropriately
followed. Using existing infrastructure and aligning to existing
standards can be an advantage of each digital health innovation.
Flexibility and modularization in the innovation process can
support the innovation’s success too, while the pressure of
change and the risk of innovations are hindering in some cases.
All barriers and enablers related to technical aspects or regarding
innovation itself are presented in Table 5.

Table 4. Enablers and barriers for scaling up digital health innovations on the micro level identified in the workshop and aligned with prior work.

BarrierEnablerCategorya

—bRecommendation of the digital health innovation by
physicians

Social support

Lack of motivation to change/adapt (digital innovation fails to
elicit behavior)

Trust issues (users do not trust the digital innovation to be effective,
safe, or useful)

Additional work for medical staff (digital innovation does not fa-
cilitate but increase the workload of already busy health care pro-
fessionals)

—Individual characteristics
of end user

Physicians perceive digital health innovations as a threat/substitu-
tion (digital health innovations as a potential replacement or restric-
tion of professional latitude)

—Negative associations

aAll categories were adopted from Kowatsch et al [3].
bNot available.
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Table 5. Enablers and barriers related to technical aspects or regarding innovation itself for scaling up digital health innovations identified in the
workshop and aligned with prior work.

BarrierEnablerCategory

—bOpen source (source code of the digital innovations is made
available for possible use, modification, and redistribution)

Continuous clinical validation of digital innovations

Information disclosure (the degree to what sensitive information
is properly protected by the digital innovation)

Evidence-based intervention components (components such as
techniques, methods, and means to change behaviors or outcomes
are based on empirical evidence)

Access to patient data, software, etc (digital innovations need data
from patients, access to software to be developed and validated on
a larger scale)

Information qualitya

Lack of ease of use (digital innovation is burdensome)

Complexity is too high (digital innovation targets too
many outcomes or behaviors or is poorly designed)

No user-centered design

—Usability of technologyc

Integration issues (digital innovations cannot or are
difficult to integrate into existing systems or work-
flows)

Integration in existing workflows (digital health innovations can
be integrated into existing systems for prevention or treatment)

Integrationc

Incompatibility of existing processes and innovation
(digital innovations do not solve a problem in the cur-

Complemented and extended health care service delivery and re-
search (does not compete with or disrupt workflow)

Early steps on interoperability (digital innovations can exchange
and use information and data from other sources)

Interoperabilityc

rent health care setting and cannot be used in other
settings)

Closed systems/missing interoperability (digital inno-
vations are limited or cannot exchange and use infor-
mation and data from other sources)

No suitable business model for preventive interventions

Missing value proposition for patients (digital innova-
tion does not solve or facilitate a problem or need of
the patients)

Appropriate incentives (momentary or other compensations for
participation in programs or using digital innovations)

Financially viable business model (the degree to which digital in-
novations can cover costs and potentially generate revenue)

Business model in mind at an early stage (of developing the digital
health innovation)

Providing added value (the degree to which the digital innovation
can address the needs or ease the pains of users)

Business modeld

—Alignment to existing standards (digital health innovation was
developed by taking existing standards or guidelines into consider-
ation)

Usage of existing infrastructure (digital innovations are designed
to use existing resources or incorporate relevant health care profes-
sionals)

Utilization of existing organizations (patient organizations or re-
search institutions are consulted when the digital innovation is
designed)

Standardsc

Unclear/not defined process to innovate (iteration of
different stages of the digital health innovation or
digital health innovations, in general, is not planned)

Minimum viable product and small iterations (small but working
prototypes to be evaluated in continuous evaluation by users, health
care providers, and health care professionals alike)

Adoption, iteration, refinement, and removal of elements that do
not add value

Modularization regarding upscaling (further modules that extend
the digital health innovation are developed and released)

Flexibility in the innovation process (adjustment to findings from
research and the design process are integrated)

User-centered design and evaluation at every stage

Innovation processd

Missing broad stakeholder engagement (focusing on
only one group)

Patient inclusion (patients are integrated into each step when de-
signing and evaluating the digital health innovation)

Interdisciplinary

cocreationd

aCategory adopted from DeLone and McLean [37].
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bNot available.
cCategory adopted from Kowatsch et al [3].
dAdditional category based on conclusions from the workshop.

Discussion

Workshop outcomes were used to compile a classified list of
enablers and barriers. The workshop’s aim was to match existing
theoretical insights on enablers and barriers of digital health
innovations with the practical experiences that the workshop
participants brought to the activity. Participants offered insights
from both research-based (empirical and applied) and real-life
perspectives. After the workshop, the resulting brainstorming
(brainwriting) results were classified into categories to reach a
single consolidated list of enablers and barriers. The results
represent the collective perspective of the group members who
participated in the working session. The viewpoint represented
is that of a set of people who have actively participated in
different forms of research on the development and
implementation of digital health interventions.

The categories of enablers and barriers have shown that the
successful scale-up of digital health innovations is influenced
by actors and aspects on different levels (micro, meso, macro,
and technology/innovation level). Actors in each of these levels
are perceived to influence the success of digital health
innovations. These different levels are in line with the focus
areas that were identified by Labrique et al [41] critical for
scaling digital health initiatives: health care ecosystem (macro
level), extrinsic ecosystem (meso level), intrinsic characteristics,
human factors (micro level), and technical factors
(technology/innovation). Our viewpoint contributed to further
specify, in each level, enablers and barriers experienced by
different stakeholders.

Prior work of some of the participants in the workshop [3]
covers diverse categories of influencing factors on digital health
innovations. Although most of these categories were mirrored
by the results of the workshop, some were not named at all by
the workshop participants, as is the example of the disease,
social interaction, or expectations. Other categories such as
standards or social support were only named as enablers even
though they also represent barriers according to Kowatsch et al
[3]. However, it is a noteworthy fact that some of the aspects
pointed out by the workshop participants add a new contribution
to our prior work, namely, the characteristics and the process
of innovations, leadership, interdisciplinary cocreation, and the
business model.

Leadership was referred to as both enabler and barrier (when
considering the lack of it). It is an essential trigger for digital
innovation and adoption [42]. In line with leadership, the culture
for change, the need for common goals, prioritization, and
planning were mentioned in the workshop as relevant for
scale-up. These relate to the intimate connection between digital
health innovation and the changes that it drives in delivering
health care services [43]. Scaling up digital health must be
driven by synergic interventions in health care services and
workflows. This justifies the cocreation interdisciplinary
category mentioned in the workshop, reinforcing the need of

the different stakeholders to be engaged and to be considered.
Cresswell et al [44] suggest 10 key considerations for the case
of health information technology, where including professional,
administrative, and managerial teams to define the needs and
build consensus around a strategic vision is key to successfully
implement technology. A less siloed approach that motivates
interdisciplinary cocreation is referred to in both our workshop
findings and the literature [41].

Further, commonly mentioned in the workshop, at different
levels, are the regulatory and trust issues that hamper adoption
at a large scale. Indeed, policymakers and health care
management need to be part of innovation processes, understand
the needs for change, and provide guidelines that increase trust
to take decisions on scaling up [42]. Business models were also
mentioned in our workshop as a category that is relevant for
scaling up. This relates to the need to develop a multistakeholder
perspective on value delivery in the health care ecosystem [45].
Further research should develop guidelines that consider the
different levels and categories that were discussed in this paper
to support technology innovators and providers in planning the
scale-up of digital health innovations.

It needs to be elaborated further if the discrepancy between the
findings of our workshop and prior literature shows different
perspectives in the perception of enablers and barriers for digital
health innovations between research and practice. Moreover,
future research should corroborate our findings with larger
groups of experts to see how they hold or vary per medical
subindustry. We suggest that the development of digital health
apps for smartphones may be different from the development
of hospital information systems. The findings reported are
mainly limited by the size of the expert group involved in the
workshop. It could have been too small or not representative
enough since the group was composed mainly of researchers.
Nevertheless, the experts involved combined extensive
experience in (digital) health care.

Importance of COVID-19 to Scale-up
The workshop took place at the very onset of the pandemic
breakout; days after it occurred, Malta restricted travel in and
out of the island. As so, the reported viewpoint did not consider
all the digital transformation that happened in the last year owing
to the need for fast response to health care needs. Many
identified barriers for adoption and scale-up were suddenly put
aside owing to the urgent need to provide remote and safe care
and monitoring. Leadership, regulatory issues, and
reimbursement are categories of those barriers, which were also
identified in Table 1. Governments incentivized telecare as a
digital-first pathway, followed by a rapid change in the insurance
companies that reimbursed teleconsultations. Many countries
relaxed privacy and data protection regulations during the crisis
under General Data Protection Regulation exceptions for public
interest [46]. Cooperation and evidence of the benefits for the
patients were enablers, identified in this viewpoint, for the fast
scale-up and adoption of digital health. However, digital health
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interventions played a marginal role owing to the inadequacy
of protocols and lack of readiness for implementation [47],
which may be mainly related to the categories of barriers
identified in Table 1: innovation characteristics, planning,
integration, and culture. Digital adoption by health care was
held by those technologies that were already mature, commonly
used and that could be integrated into existing workflows. One
example was the massive adoption of videocall platforms and
instant messaging apps that were provided for teleconsultations
as urgent replacements for usual clinical consultations to respond
to the population questions and concerns of the general public
[48]. In addition to changes taking place in health care
organizations, citizens themselves scaled up the adoption of
smart devices that were already on the market [49,50].
Symptom-checking and contact-tracing apps were downloaded
to millions of smartphones under the polemic of data privacy
versus population safety [51]. This may be related to increased
motivation and trust by the population, listed as enablers at a
micro level in Table 1. The COVID-19 pandemic has led to a
rapid scale-up of telehealth services. Two strong enablers
included the urgent and immediate demand from health and
care systems as well as the population at large and the readiness
of global technology companies that were ready to adapt their
technologies to respond to the needs of the context. In the crisis,
these enablers demonstrated how one can, in reality, suspend
barriers that have previously been identified as causes of delay
in digital adoption [52]. Although some of the barriers identified
in this viewpoint may have been reduced (eg, lack of motivation
to change), others were simply ignored temporarily and remain
to be tackled in the future (eg, legal regulations).

Conclusions
To summarize the findings and discussions from the workshop,
5 conclusions for the scale-up of digital health innovations can

be highlighted. First, digital health services can help to drive
data quality, outreach to communities, and manage disease
transmission/progression. Second, to reach these aims, a general
cultural shift is needed when aiming to have digital services as
viable instruments in health care along with classic
pharmaceutical, surgical, or other therapeutic measures. Third,
technological developments and interoperability appear to be
enablers supporting digital health services rather than acting as
hindrances. This latter finding is rather surprising since lack of
interoperability has often been named as a barrier in prior work
[53,54]. Indeed, the European Commission has long called for
a more extensive focus on interoperability to facilitate the
increased use of digital health technologies. Fourth, when
scaling up digital health innovations, it is important to ensure
the involvement of all stakeholders, including people from
different professions and occupations, and especially patients
and citizens. Only through a joint effort on the part of all
stakeholders can digital health services succeed. Fifth, the
innovation process itself also plays a crucial role, especially in
relation to culture and leadership. The innovation process should
be partitioned into different stages. Within each stage, further
research should examine how to best fulfill the respective stage.
Innovation processes should also be considered in
reimbursement models for digital health innovations to ensure
that new technologies such as digital pills have a chance to be
tested in real-world settings. When working on all the 5 aspects
of enablers and barriers to digital innovation in health and care,
we believe that the scale-up of digital health services can be
strongly supported. A clear view of these aspects would guide
the application of the growing funding for health care
information technology toward accelerating its impact in health
care services.
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Abstract

Clinical epidemiology and patient-oriented health care research that incorporates neighborhood-level data is becoming increasingly
common. A key step in conducting this research is converting patient address data to longitude and latitude data, a process known
as geocoding. Several commonly used approaches to geocoding (eg, ggmap or the tidygeocoder R package) send patient addresses
over the internet to web-based third-party geocoding services. Here, we describe how these approaches to geocoding disclose
patients’ personally identifiable information (PII) and how the subsequent publication of the research findings discloses the same
patients’ protected health information (PHI). We explain how these disclosures can occur and recommend strategies to maintain
patient privacy when studying neighborhood effects on patient outcomes.

(J Med Internet Res 2022;24(3):e30619)   doi:10.2196/30619
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Introduction

Background
Imagine if a clinical researcher were to disclose a list of patient
addresses to a third party that was outside of their hospital or
health system without a formal agreement with that third party
to secure the data. Imagine they then publicly announced that
they disclosed the addresses, that the addresses belonged to
patients with a specific disease, and that those patients were
being treated at a specific hospital. The researcher’s institutional
review board (IRB) and Health Insurance Portability and
Accountability Act (HIPAA) compliance office would be
outraged at these violations of patient privacy. Yet, this sequence
of events can happen inadvertently when studying how
neighborhood conditions such as access to medical facilities or

surrounding food environments affect clinical outcomes in
certain patient populations.

Clinical epidemiology and patient-oriented health care research
incorporating neighborhood-level data is becoming progressively
more common as the National Institutes of Health and
professional and patient organizations are increasingly
encouraging such research [1,2]. For instance, the American
Cancer Society has classified multilevel research on
neighborhood-level social determinants of cancer survivorship
as a priority recommendation for research [2]. Here, we describe
how inadvertent disclosures of personally identifiable
information (PII) and protected health information (PHI) can
occur when researchers study the effects of neighborhood
contexts on clinical outcomes among patients and we describe
ways to mitigate this risk. PII is information that can be used
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to identify individuals; street addresses are classified as PII [3].
PHI includes information about a patient’s past or present health
conditions, any treatment for those conditions, or any other
provision of care. Under HIPAA, all geographical identifiers
below the state level that were created, used, or disclosed during
the provision of health care are also considered PHI [4]. Patient
residential addresses used during treatment, or even addresses
already documented in the medical or billing records, meet the
criteria for geographic PHI, as does the name of the hospital
treating a patient.

We describe the steps in the research process when PII and PHI
can be disclosed when the study population is defined as patients
with a specific disease or diseases, as is common in clinical

studies. We then explain why many protocols do not protect
patient privacy and conclude by offering suggestions for a
workflow that avoids the issues we identify. We use a fictional
example throughout this article to avoid compounding potential
PII and PHI disclosure issues that have occurred in previously
published research. The hypothetical study being referenced
examines whether residential neighborhood poverty rates are
associated with the risk of death among patients with COVID-19
who were treated at the Columbia University Irving Medical
Center. Though fictional, the example draws on published
studies and studies that we have peer reviewed for clinical and
public health journals. Figure 1 summarizes the disclosure risk
associated with common approaches to geocoding patient
addresses.

Figure 1. A summary of the personally identifiable information and protected health information disclosure risk for common approaches to geocoding
patient addresses.

Privacy Pitfalls at Different Steps of Clinical Research

Step 1: Disclosure of Patient Addresses
The initial risk of disclosing PII and PHI occurs during a key
step called geocoding. Geocoding is the process of converting
a street address to longitude and latitude coordinates, which can
then be linked to neighborhood-level data such as US census
data. In our example of patients with COVID-19 who were
treated at the Columbia University Irving Medical Center, the

patients’ addresses would be geocoded as the first step in
estimating poverty rates in each patient’s residential
neighborhood.

Several commonly used approaches to geocoding send addresses
via the internet to third-party geocoding services. These
approaches include manually entering addresses into websites
such as Google Maps, uploading spreadsheets of addresses to
geocoding websites, and using software packages such as the
R (R Foundation for Statistical Computing) packages
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tidygeocoder, ggmap, and googleway; the Stata command
geocode; and some options included with the SAS procedure
GEOCODE. The tidygeocoder R package, for example, sends
addresses to geocoding web services hosted by the US Census
Bureau or by OpenStreetMap (or both), and ggmap and
googleway send addresses to the Google Maps geocoder [5,6].
The R package ggmap provides easy access to the web-based
Google Geocoding, Distance Matrix, and Directions application
programming interface (API) services and is frequently used to
geocode, map, and conduct spatial analyses of patient address
data via Google Maps [6]. The proliferation of easy-to-use
software procedures for geocoding and spatial analysis increases
the risk of inadvertent disclosures of PII. A similar situation
occurs when web-based geospatial tools such as Google Street
View are used to measure patient neighborhood environments
[7]. Revealing PII and PHI to third parties, such as those that
host geocoding tools, violates typical human subjects research
protocols approved by IRBs. The first 3 examples in the bottom
panel of Figure 1 show how these options are unsafe as they
pass data to servers outside of the control of the researcher, to
an entity not covered by a Business Associate Agreement
(BAA), a contractual obligation between 2 companies to safely
handle HIPAA-protected data.

Step 2: Disclosure of the Identity of the Health Care
System
An additional layer of disclosure occurs when using web-based
geocoding services because these services can link home address
data that were submitted to the service to the institution from
which the data originated. When researchers send geocoding
requests, geocoding services capture the IP address of the
computer requesting the service along with the patient home
address to be geocoded. As a result, the disclosed addresses are
linked to a particular health care or research institution.
Furthermore, the unique API keys used for many services create
a linked history of all geocoding requests submitted by a
researcher. Finally, data stored in the researcher’s web browser
cookies and search histories can also identify the researcher or
clinician when they use some web-based geocoding services.
Depending on which third-party service was used to geocode
the residential addresses of the patients with COVID-19 in our
example, the geocoding service provider would receive data on
the identity of the institution originating the geocoding requests;
they could also possibly receive data on the identity of the
researcher and even information on the researcher’s recent focus
on COVID-19 research. Thus, the combination of patient address
data, researcher or clinician identity, and the identity of the
health institution allows the third-party geocoding service to
make inferences about the submitted addresses.

Step 3: Disclosure of Patient Health Information
Publishing research results in articles allows third parties to
further contextualize the disclosed addresses. Publication itself
can therefore reveal PHI that can be linked to PII [3].
Publications describing the results of research about the effects
of neighborhood contexts on outcomes in patient populations
typically identify the geocoding service used, the number of
addresses submitted to the service, the health system the patients
belong to, and the health condition(s) used as criteria for

including patients in the study [8]. Publication of this study data
provides sufficient information for the third party that geocoded
the addresses to link patients’ individual identifiers to their
health conditions and health providers [3]. For example,
researchers publishing the results of the hypothetical COVID-19
study would indicate how many patients were included in the
study, the method used to geocode the sample (eg, tidygeocoder
and OpenStreetMap), the number of addresses successfully
geocoded, and the fact that the patients received treatment for
COVID-19 at the Columbia University Irving Medical Center.
The combination of server logs of addresses submitted for
geocoding, the capture of the IP address of the institution that
originated the geocoding requests, and the information in the
published paper would be sufficient for the third-party
geocoding service to identify the addresses as belonging to
patients with COVID-19 who had been treated at the Columbia
University Irving Medical Center.

Inadequate Strategies to Protect Patient Privacy
Some researchers recognize the risks associated with this type
of study but use strategies that do not protect PII and PHI. One
approach we have seen proposed is to submit patient addresses
of interest to a geocoding service along with a pool of randomly
selected addresses [9]. An issue with this approach is that due
to referral patterns and the geographies of hospital catchment
areas, patient addresses are likely to cluster and may not be
sufficiently hidden by pools of randomly selected addresses. In
theory, if the pool is large enough (eg, every address in the
health care system’s catchment or referral area), this approach
to geocoding does not provide PII to the geocoding service
provider. However, this approach has several flaws. First, the
approach does not follow the National Institute of Standards
and Technology recommendations to secure data by requiring
an encryption key rather than relying on keeping the information
itself hidden [10]. Second, identifying an address list long
enough to effectively obscure the patient addresses typically
requires more computational skill and resources than simply
geocoding the addresses securely in the first place. In our
example of outcomes among patients with COVID-19, this
approach might require identifying and submitting to the
geocoding service every address in the Columbia University
Irving Medical Center patient catchment area to fully obscure
the study’s patient addresses.

Another possibility may be to use a virtual private network
(VPN) that obscures the identity of the computer sending the
addresses to the third-party geocoding service, thus concealing
the fact that the addresses are being sent from a medical system.
However, VPNs can be difficult to set up securely and many
commercial VPNs do in fact reveal the location of the user’s
computer [11]. Furthermore, even with a secure VPN, default
settings on web browsers reveal a user’s location to the websites
being visited. Thus, a researcher using a VPN to access a
web-based geocoder still risks disclosing PII and PHI to the
geocoder service provider. Moreover, even the successful
implementation of a VPN only shifts the disclosure of the
address information and researcher identity from the geocoding
service provider to the VPN service provider. An onion router,
such as Tor (The Onion Router), can add a layer of anonymity
to ensure that the geocoding service provider cannot link the
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address data to a researcher, clinician, or institution [12].
However, there have been cases of onion routers being
compromised [13]. The complexity of these solutions makes
full compliance difficult, especially since simpler solutions
exist.

Appropriate Approaches to Geocoding Patient Data
For researchers to be compliant with HIPAA and typical IRB
regulations, patient addresses should be geocoded using desktop
tools, such as ArcGIS, that store address information on local
secured machines. QGIS offers a free open-source alternative
to ArcGIS, though default geocode options use OpenStreetMap,
so care must be taken to set up desktop options. Alternatively,
researchers can use a geocoder designed for server hosting
within a virtual machine on their local computer. For example,
the open-source PostGIS geocoder can be hosted within a
Docker container and accessed using R (see [14] for an
example). An alternative is for the hospital or health care system
to negotiate a BAA with a third-party geocoding service [4].
Under HIPAA, a business associate provides services, including
data analysis, that involve the use or disclosure of individually

identifiable health information to a covered entity [4]. Although
licenses for ArcGIS can be expensive (note that the various
third-party services and R packages we have described are free),
without a BAA, the use of third-party services to geocode patient
addresses involves the inappropriate disclosure of PII and PHI.
The time and administrative cost of establishing a BAA may
be equivalent to, or more expensive, than an ArcGIS license.

Conclusions
In summary, geocoding patient addresses using web-based
services creates direct and large-scale disclosures of PII and
PHI, and the proliferation of simple-to-use R packages for
geocoding increases the risk of these inadvertent disclosures.
Web-based geospatial tools are powerful and allow for efficient
and rigorous research. However, researchers geocoding patient
addresses must be aware of the risk of inadvertent disclosure
of patient PII and PHI. Researchers should avoid web-based
geocoders and use only secure desktop tools when geocoding
patient information. Researchers may wish to disconnect
computers from the internet while geocoding to ensure that no
data are inadvertently passed to third parties.
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Abstract

Background: The need to assess the effectiveness and value of interventions involving digital health and health and welfare
technologies is becoming increasingly important due to the rapidly growing development of these technologies and their areas
of application. Systematic reviews of scientific literature are a mainstay of such assessment, but publications outside the realm
of traditional scientific bibliographic databases—known as gray literature—are often not included. This is a disadvantage,
particularly apparent in the health and welfare technology (HWT) domain.

Objective: The aim of this article is to investigate the significance of gray literature in digital health and HWT when reviewing
literature. As an example, the impact of including gray literature to the result of two systematic reviews in HWT is examined.

Methods: In this paper, we identify, discuss, and suggest methods for including gray literature sources when evaluating
effectiveness and appropriateness for different review types related to HWT. The analysis also includes established sources,
search strategies, documentation, and reporting of searches, as well as bias and credibility assessment. The differences in comparison
to scientific bibliographic databases are elucidated. We describe the results, challenges, and benefits of including gray literature
in 2 examples of systematic reviews of HWT.

Results: In the 2 systematic reviews described in this paper, most included studies came from context-specific gray literature
sources. Gray literature contributed to the overall result of the reviews and corresponded well with the reviews’aims. The assessed
risk of bias of the included studies derived from gray literature was similar to the included studies from other types of sources.
However, because of less standardized publication formats, assessing and extracting data from gray literature studies were more
time-consuming and compiling statistical results was not possible. The search process for gray literature required more time and
the reproducibility of gray literature searches were less certain due to more unstable publication platforms.

Conclusions: Gray literature is particularly relevant for digital health and HWT but searches need to be conducted systematically
and reported transparently. This way gray literature can broaden the range of studies, highlight context specificity, and decrease
the publication bias of reviews of effectiveness of HWT. Thus, researchers conducting systematic reviews related to HWT should
consider including gray literature based on a systematic approach.

(J Med Internet Res 2022;24(3):e29307)   doi:10.2196/29307

KEYWORDS

health and welfare technology; digital health; gray literature; information retrieval

J Med Internet Res 2022 | vol. 24 | iss. 3 |e29307 | p.354https://www.jmir.org/2022/3/e29307
(page number not for citation purposes)

Landerdahl Stridsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:sara.landerdahl.stridsberg@mdu.se
http://dx.doi.org/10.2196/29307
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Reviewing Literature in Digital Health and Health and
Welfare Technology
Connected or overlapping terms are often used to describe digital
interventions in health and care services, including eHealth,
mobile health (mHealth), digital health, telehealth, and
telemedicine [1]. The term digital health has become an
established umbrella term for these [2] and implies “the use of
information and communication technologies to improve human
health, health care services, and wellness for both individuals
and populations” [3]. The term health and welfare technology
(HWT) [4], now broadly used in the Nordic countries among
others, adds more detail to the digital health concept. HWT is
defined as “a technology-based intervention that aims at
maintaining or promoting health, well-being, quality of life,
and/or increasing efficiency in the service delivery system of
welfare, social, and health care services, while improving
working conditions of the staff” [5]. The combination of digital
health and HWT thereby encompasses broad and burgeoning
interdisciplinary fields of research that may not always prioritize
established scientific literature databases when publicizing
results.

The Cochrane Handbook for Systematic Reviews of
Interventions, considered the gold standard in conducting such
reviews, recommends that “searches for studies should be as
extensive as possible in order to reduce the risk of publication
bias and to identify as much relevant evidence as possible” [6].
Bibliographic databases mainly index studies published in
peer-reviewed journals. Depending on the question and the
scope of the review, however, the proportion of relevant studies
not published in scholarly journals may vary greatly. Those not
indexed in bibliographic databases are frequently referred to as
gray literature.

What Is Gray Literature?
An often-cited definition of gray literature is “that which is
produced on all levels of government, academics, business, and
industry in print and electronic formats, but which is not
controlled by commercial publishers (ie, where publishing is
not the primary activity of the producing body)” [7]. Gray
literature, according to this definition, is very diverse and could
encompass self-published studies from research institutes, short
conference abstracts, theses and dissertations, and ongoing
research (trial registers), as well as government and committee
reports, among others [8]. With today’s digital development
and new media landscape, the related term gray data is
sometimes used, including user-generated content such as blogs
and social media [9].

Is It Worth the Trouble to Include Gray Literature in
Your Search?
Methodological handbooks for literature reviews promote
inclusion of gray literature to increase quality and depth of
reviews [6,10,11]. This can be achieved by identifying ongoing
studies with useful data as well as finding additional sources
for evidence above and beyond what is normally found in
commercially published material. Gray literature, therefore, has

the potential to reduce publication bias, which occurs when the
published research is not representative of all the research that
has been conducted [12].

Industry sponsors and technology developers may have different
motives and timelines for work conducted in the field of digital
health and HWT that may not coincide with traditional academic
processes, scientific methods, or the conduct of rigorously
controlled trials. In areas where the technology is developing
fast, other study types than randomized controlled trials (RCT)
may be preferred when evaluating interventions to allow for
more rapid dissemination of results [13].

Even completed RCTs are not always published or retrievable.
Al-Durra et al [14] found that 27% of all RCTs in digital health
remained unpublished 5 years after completion.
Industry-sponsored trials are less often published in scientific
journals compared to nonsponsored or publicly funded trials,
as found in a study of ClinicalTrials.gov [15]. Whether this is
due to time constraints or unwillingness to widely disseminate
findings, gray literature searches may reduce potential
publication bias by identifying such unpublished, or ongoing,
studies [16].

Moreover, rigorous and holistic assessments of evidence for
interventions may not be found in bibliographic databases either.
For example, publications from organizations that compile and
assess evidence-based practice, such as the UK-based National
Institute for Health and Care Excellence, and other health
technology assessment (HTA) organizations will likely be
missed if searches are restricted to bibliographic databases.

Another reason for including gray literature is that it is widely
used. A recent study on nursing journals shows that gray
literature accounts for about 10% of all citations [17], while
another study showed that more than 10% of UK governmental
publications in the field of health care are cited in the publication
database Scopus [18]. Farrah and Mierzwinski-Urban [19] found
that about 47% of the references on reports on novel nondrug
health technologies were found in gray literature, and a review
by Song et al [20] found that approximately half of all medical
and health-related studies are not published in peer-reviewed
journals. This can be particularly true in literature regarding
new and emerging health technologies, but the reasons for not
publishing studies can vary. In the Song et al [20] review, the
main reason given for nonpublication was nonsubmission, where
85% of unpublished studies had not been submitted to journals
due to lack of time or low priority. The next most common
reason was that studies were incomplete or still ongoing. There
may also be alternative incentives for publishing research in
other sources than academic journals. In a study concerning the
production of gray literature in the Australian public sector [21],
the main reason organizations gave for publication output was
to provide an evidence base to inform policy or practice, and
the most effective channel for achieving this was felt to be
publishing via the organization’s own website.

Gray literature can make a valuable contribution to the results
in reviews of literature, although its potential relevance and
contribution to the review’s results are often dependent upon
the review type and its aim. Its strongest contribution may be
in the conduct of scoping reviews, where it is a recommended
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source to search along with scientific bibliographic databases.
The aim of a scoping review is to provide an overview of a field
of research, quite often with a focus on providing a general
picture on the available literature for a topic [22,23] or
understanding the context for an intervention [9]. Gray literature
suits both these purposes well. As assessment of study quality
or risk of bias is generally not performed [24], gray literature
may also be more easily and reliably integrated alongside
scientific publications in these types of reviews.

Including unpublished studies in meta-analyses, where studies
in a systematic literature review are statistically analyzed, is
generally considered to improve precision in the overall result.
However, it is less clear if the inclusion of gray literature
influences the effect size or statistical significance [25-27].
Another advantage of including gray literature in meta-analyses
reported by Halfpenny et al [26] is that they found more data
in trial registers than in the published study concerning the same
trial; including gray literature therefore yielded a fuller and
more complete result. Integration of some types of
nontrial-based gray literature alongside published studies may
be more challenging, however, as requirements on the rigor and
format of statistical presentations can be highly variable in
comparison.

Gray literature can also strengthen systematic literature reviews
without meta-analyses, especially when the focus of the review
is on evaluating how new interventions function in practice—an
aspect particularly relevant for digital health and HWT. This
may be particularly apparent in study areas where RCTs are not
standard or common such as in interdisciplinary fields [28]—a
description that also fits digital health and HWT well. Such
areas may have a greater proportion of lower-quality
research-based evidence and a higher context specificity that is
important in implementation of interventions. This is where
gray literature can provide a valuable supplement to other
findings [29]. Examples of this include a study by Adams et al
[9] regarding public health interventions, were most or all
studies were found in gray literature, demonstrating its
importance in investigations of effectiveness. In a systematic
review of process and implementation of participatory
ergonomics, Mahood et al [22] found that the several gray
literature studies included alongside peer-reviewed literature
resulted in a broader view of the evidence. Similarly, a
systematic review by Cooper et al [30] of public health and
environmental enhancement discovered that when comparing
the results retrieved from searching in several bibliographic
databases with a gray literature search (foremost via web
searching) the latter contributed to a greater extent to the overall
synthesis of the review. A result that might be related to the
interdisciplinary nature of the subject for the review, sometimes
not easily found when searching more subject-specific
bibliographic databases.

There are disadvantages to using gray literature, however. One
is the time and resources it takes to search for it. Even though
the internet has made many types of gray literature more
accessible via, for example, web pages and online repositories,
gray literature can still be hard to find due to its comparative

deficits in metadata and indexing. The sustainability of gray
literature digital domains is also a concern, with links and
documents more prone to disappear than with bibliographic
databases. Gray literature in many cases lacks time-saving
functionality—for example, when exporting references to
references management tools. It is also often less structured (eg,
lacking abstracts), which makes any screening process less
efficient [8,23,31].

Before undertaking a gray literature search, one should therefore
consider whether the benefits outweigh the disadvantages. One
example is the recommendation created by Jefferson et al [32]
on whether to include the gray literature of regulatory data in
Cochrane reviews concerning drugs or biologics. Key
considerations include the burden of disease and number of
people using or likely to use an intervention.

Because of the extra time required, Cochrane recommends
limiting the use of gray literature when conducting rapid reviews
and instead focusing mainly on study registers [33]. For the
same reason, Cochrane recommends less frequent searches of
gray literature than among publication databases when
conducting and updating living reviews [34].

Is Gray Literature a Reliable and Credible Source to
Use When Reviewing Literature?
Concerns about the quality of gray literature are often raised.
Literature that in many cases has not been subjected to peer
review and editorial examination is often viewed as lower
quality and less credible. Some types of gray literature (eg,
theses and governmental reports) do, however, receive a
thorough quality check before being published [23]. In the
previously mentioned study of Australian gray literature [21],
two-thirds of the organizations stated that they had their work
externally or internally reviewed prior to publication.

Like the evidence hierarchies within scientific literature, gray
literature can be sorted according to the source’s perceived
usefulness. For example, Adams et al [16] described the
connection between credibility, retrievability, and outlet control
in gray literature by arranging it in 3 tiers (Figure 1). The first
and most credible tier consists of government reports, books,
and other highly traceable publication types, followed by a
second tier that includes company publications and
nongovernmental organization studies. The third and final tier
includes publications with little or no outlet control, such as
blogs and tweets, which would rarely be included in studies of
effectiveness.

When assessing bias and study quality of scientific literature,
tools like the Cochrane risk-of-bias 2.0 tool for randomized
trials [35] and equivalents for other types of studies are well
established. The same tools can certainly be used when assessing
gray literature [22,36,37]. Other forms of assessment that focus
more on the value of the information may be better suited to
some kinds of gray literature [9]. One approach used in several
reviews [38-40] is the AACODS checklist [41], which, in line
with the list’s acronym, evaluates the concepts of authority,
accuracy, coverage, objectivity, date/time period, and
significance of the content in a context specific to gray literature.
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Figure 1. Tiers of gray literature credibility and retrievability in terms of source expertise and outlet control.

What Sources of Gray Literature Are Most Relevant
for Digital Health and HWT?

Overview
An extensive list of sources to search, including gray literature,
is available in the Technical Supplement to Chapter 4 in the
Cochrane Handbook for Systematic Reviews of Interventions
[42]. Campbell Collaboration provides similar guidance but
focuses mainly on research fields related to education [43]. Both
organizations advise researchers to consult a librarian or
information specialist to identify relevant sources and formulate
the search strategy [42,43].

As mentioned earlier, effectiveness studies in digital health and
HWT may not always be carried out as RCTs. Non-RCT studies
focusing on implementation and use, for example, may more
often be found in practitioner-generated gray literature as
opposed to academic gray literature [44]. While academic gray
literature can be found in trial registers and theses,
practitioner-generated gray literature is more likely to be found
in organizational reports, government documents, and
evaluations accessed via web searches. For an overview of
sources of gray literature, see Table 1.
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Table 1. Overview of sources of gray literature.

ExampleType

Practitioner-generated gray literature

HTAa organizations • Grey Matters, CADTHb [45]
• International HTA Database [46]
• Evidence Search, NICEc [47]

Web search engines • Google [48]
• Google Scholar [49]
• Mednar [50]
• DuckDuckGo [51]

Academic gray literature

Dissertations, theses and academic papers • OpenDOARd [52]
• Open Access Theses and Dissertations [53]
• ProQuest Dissertations and Theses Global [54]
• DART Europe [55]

Study registers • ClinicalTrials.gov [56]
• WHOe International Clinical Trials Registry Platform [57]
• Finding Clinical Trials, Research Registers, and Research Results [58]
• JMIR Research Protocols [59]

Databases indexing conference papers:Conference papers

• Zetoc [60]
• Scopus [61]
• Web of Science [62]
• Embase [63]

Conference journals and websites:

• JMIR Iproceedings [64]
• AMIAf 2021 Virtual Annual Symposium [65]

Multidisciplinary gray literature databases

Multiple sources (eg, institutional repositories, digital
collections, and research reports)

• OpenGrey [66]
• OAIster [67]
• Bielefeld Academic Search Engine [68]
• GreySource Index [69]

aHTA: health technology assessment.
bCADTH: Canadian Agency for Drugs and Technologies in Health.
cNICE: National Institute for Health and Care Excellence.
dDOAR: Directory of Open Access Repositories.
eWHO: World Health Organization.
fAMIA: American Medical Informatics Association.

Practitioner-Generated Gray Literature
Google [48] and Google Scholar [49] are often used when
searching for gray literature on the web [70]. While Google is
effective for retrieving information in many superficial searches,
it does not cover the deep web content and therefore needs to
be supplemented with searches of databases, specific websites,
and organizational repositories [12,44]. Google also uses
algorithms that provide or rank search results based on previous
searches [31]. The incognito option available in some browsers
can therefore be useful to avoid searches from becoming biased
by personal preferences or habits [71]. Another solution to avoid
algorithm bias is to use alternative search engines, such as
Mednar [50], which has a medical focus, or DuckDuckGo [51],

a search engine that does not personalize based on previous
searches.

HTA organizations evaluate digital health and HWT
interventions and are thus a highly relevant source of gray
literature. Grey Matters [45] from the Canadian Agency for
Drugs and Technologies in Health lists HTA organizations from
around the world as part of its checklist for searching gray
literature.

Academic Gray Literature
Academic gray literature can be found in repositories for higher
education, study registers, conference papers, and theses, among
others. Study registers like ClinicalTrials.gov [56] and the World
Health Organization (WHO) International Clinical Trials
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Registry Platform [57] are mandatory in Cochrane reviews for
interventions to avoid publication bias [6]. This may exclude
digital HWT studies, however, as they may not meet the criteria
for registration in clinical trial databases due to the nature of
their intervention [72]. To make protocols from ongoing studies
with different study designs more accessible, initiatives such
as the journal JMIR Research Protocols [59] have been
established and include protocols for ongoing studies and trials
in digital health and related subjects.

Research conference papers often have the highest impact in
fields with rapid knowledge development of new technologies
and are thus highly valued sources [73]. In other areas, or when
the available evidence is poor, conference abstracts can be worth
considering if there is a lack of completed studies in a field [74].
Conference papers are indexed in some publication
databases—for example, the multidisciplinary databases Scopus
[61] and Web of Science [62] and the medical database Embase
[63]. There are also dedicated databases for conference
proceedings, for example Zetoc [60], as well as journals, for
example the JMIR journal Iproceedings [64]. Many recurring
conferences, such as the American Medical Informatics
Association Annual Symposium [65], have websites for
browsing and accessing papers. Some of these more established
proceedings are starting to be indexed in databases such as
PubMed, however, making them less gray and easier to find in
scientific bibliographic database searches. The highly referenced
Institute of Electrical and Electronics Engineers (IEEE)
conference papers are also indexed in IEEE’s own Xplore [75],
which is considered a bibliographic database.

Academic papers can be found in national repositories for higher
education such as OpenDOAR [52], a global directory of
national academic repositories. International databases for
dissertations and theses also exist such as Open Access Theses
and Dissertations [53], ProQuest Dissertations and Theses
Global [54], and Dart Europe [55], which has European content.
Theses can be valuable and reliable sources of detailed
knowledge on specific research topics as they disseminate results
from lengthy periods of research and are subject to peer review
[12]. They may also provide a more detailed background
description and more extensive list of references than what is
normally found in journal publications as they rarely have
imposed word or page limits. Still, research that studied the
impact of including theses on the result of systematic reviews
from 3 Cochrane review groups found that in most reviews,
their inclusion did not affect the review’s results [76]. This
could explained by the fact that articles in several theses in
major academic disciplines are also eventually published in
scientific journals (ie, compilation theses).

Multidisciplinary Gray Literature Databases
There are databases dedicated to gray literature containing
content from various sources—both academic and
practitioner-based—and in many cases include functions for
downloading references and conducting advanced searches, as
in scientific bibliographic databases. A disadvantage may be
that information on indexing and updating can be less
transparent than for scientific bibliographic databases. There is
also a greater risk that gray literature databases cease to be

updated as they often lack long-term funding and organization
of commercial bibliographic databases. As with scientific
bibliographic databases, searching several gray literature
databases may be necessary to obtain an overlapping and more
complete result [12]. The subject-specific databases for gray
literature can be valuable sources for locating relevant literature
but are dependent on the searcher’s knowledge of the topic to
identify them. Indexes for gray literature sources, such as
GreySource Index [69], can therefore be valuable guides, serving
as gateways to different sources of gray literature. GreySource
Index is facilitated by GreyNet, an organization that provides
a point of access to several repositories of gray literature.

Is It Possible to Be Systematic When Searching Gray
Literature?
There are no generally established guidelines regarding methods
and search strategies for gray literature [8,12,23]. Since the
extent of gray literature is vast, making a search plan prior to
the search helps estimate the time and resources needed to
conduct the search.

The search plan should correspond to the aim of the search and
identify the sources likely to yield the most value. Three key
considerations when creating a search plan are as follows:

• Which types of studies/literature are of interest?
• Which methodological guidelines need to be followed?
• Which key databases, repositories, or websites are available

on the topic?

Furthermore, time period and geographic coverage should be
considered [12]. A systematic gray literature search, as with
any other literature search, should use a clear population,
intervention, comparison, and outcome format. Searches should
also be as reproducible as possible, although gray literature
searches often present challenges to this. Webpages and even
repositories are less stable than scientific bibliographic databases
and documents and links vanish or cease to exist more regularly.

How Should Searches for Gray Literature Be
Documented?
Searches for gray literature should be documented and reported
in a similar manner to searches in bibliographic databases. The
aim of this documentation is to allow the search results to be
reproduced by others. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[77] and extension PRISMA-S [71] provide guidance on how
searches should be documented and reported when conducting
a systematic review. The checklist Grey Matters [45] from the
Canadian Agency for Drugs and Technologies in Health also
includes elements of how to document and report a gray
literature search.

According to PRISMA-S [71], gray literature searches should
be briefly described in the methods section of the systematic
review and complemented with more detailed information in
supplementary material.
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Example of Gray Literature Use in Two Systematic
Reviews

Introduction
To illustrate how a search for gray literature can be conducted,
we provide examples of methodology, benefits, and challenges
taken from 2 systematic reviews we have published regarding
the evidence for the use of welfare technologies: GPS alarms
and digital nocturnal surveillance systems [36,37].

Aim of the Reviews
Both reviews aimed to find existing evidence for effects on
health outcomes, welfare, and social care provision in elderly
care for their respective technologies compared to standard care.

Methods

The inclusion criteria stated that original scientific and gray
literature publications regarding the specific welfare
technologies produced during the period 2005-2020 in
Organisation for Economic Co-operation and Development (or
equivalent) country settings were included. English, French,
and Nordic languages were included in order to obtain a broader
base of gray literature as many public sector reports were likely
produced in non-English languages. Qualitative and
proof-of-concept studies, technical validations, system
descriptions, reviews, and editorials were excluded for both
scientific and gray literature.

The scientific database searches were conducted first and
involved abstract and full-text screening steps in accordance
with PRISMA guidelines. Reference and citation searches (ie,
backward and forward) were also conducted for relevant
publications found. The databases searched for English-language
publications were Academic Search Elite (EBSCOhost), APA
PsycInfo (EBSCOhost), ASSIA (Applied Social Sciences Index
and Abstracts, ProQuest), CINAHL Plus (EBSCOhost),
Cochrane Library [78], IBSS (International Bibliography of the
Social Sciences; ProQuest), IEEE Xplore [79], PubMed [80],
Scopus [61], SocINDEX (EBSCOhost), Social Services
Abstracts (ProQuest), Sociological Abstracts (ProQuest), Web
of Science Core Collection [62].

The search terms used in the night surveillance review were
(elderly OR “older adult*” OR “older person*” OR aged [MeSH
only databases]) AND (nocturnal OR “night-time” OR
“nighttime” OR “night time”) AND (surveillance OR camera*
OR “video monitor*” OR “in-home monitor*” OR “home
monitor*” OR “safety monitor*” OR “digital monitor*” OR
telemonitor* OR “remote monitor*” OR “digital camera” OR
“digital sensor*” OR “monitoring system*”). Subject terms
were adapted to the controlled vocabulary of each database.

In the GPS review the following search string was used: (aged
OR elder* OR “older adult*” OR “older person*” OR ageing
OR aging OR senior*) AND ( alarm*) AND (geofencing OR
“global positioning system*” OR “positioning technolog*” OR
“localization system*” OR “localization technolog*” OR
“localisation system*” OR “localisation technolog*” OR
“location tracking system*” OR “location tracking device*”

OR “location tracking technolog*”). Also there, the search string
was adapted to the subject headings of each database.

This was followed by initial searches in more established gray
literature databases. These searches were conducted with the
same search terms as for the scientific databases and in the
English language as well. The main differences from the
scientific database searches were that articles did not have to
be peer reviewed, and the search strings (ie, combinations of
search terms) had to be simplified in some cases as some
sources’ search engines did not allow more complex strings
with operator terms. In such cases, a greater number of searches
consisting of fewer terms per search was required. The following
resources were searched:

• Databases: Bielefeld Academic Search Engine (BASE)
[68], OpenGrey [66], OAIster [67]

• HTA organization: International HTA database [46]
• Trial registers: ClinicalTrials.gov [56], WHO International

Clinical Trials Registry Platform [57]
• Theses: Dart Europe [55], ProQuest Dissertations and

Theses A&I [54]
• Web search engine: Google Scholar [49]

Additional searches were then performed in gray literature
sources specific to the Nordic countries, where both GPS alarms
and digital nocturnal surveillance systems have been
implemented in social care. Due to the geographic focus, the
inclusion criteria changed to studies from the Nordic countries
and the searches were conducted in the Nordic languages.
Repositories from higher education and websites from
authorities responsible for elderly care and digitalization in
health and welfare, municipalities, and research-based institutes
were searched. A search was also made in Google Scholar with
the respective search terms translated to the respective Nordic
languages. The search string was adapted to the search
functionality of the websites and search engines in a similar
manner as the initial gray literature database searches.

Results

In the GPS alarm review, 56% (9/16) of studies came from gray
literature sources (8 from the Nordic sources). In the digital
nocturnal surveillance systems, 60% (3/5) of publications were
from gray literature, all from Nordic sources. The same bias
assessment tools (Cochrane’s Risk of Bias for randomized
studies and the Risk Of Bias In Nonrandomized Studies of
Interventions [ROBINS-I] tool for nonrandomized studies) were
used for both scientific and gray literature studies. Bias was
generally found to be moderate to critical, and the result was
similar between the two types of sources.

Meta-analysis or consolidation of results was not possible due
to lack of rigor in statistical reporting in the gray literature
publications (eg, P values, confidence intervals, or standard
errors not calculated or reported). Instead, a narrative summary
with detailed reporting of included studies’ reported results was
conducted. This provided adequate transparency for the reader
when drawing conclusions about the overall effect of the
technologies reviewed.
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Discussion

Lessons Learned
The inclusion of gray literature in the two reviews brought both
advantages and disadvantages, but the former clearly outweighed
the latter. As most included studies came from gray literature,
the volume of literature to base conclusions on was considerably
larger—a systematic review of only two studies would have
otherwise been the reality in one case. The included gray
literature studies were also highly context-specific and had
excellent adherence to the reviews’ aims, perhaps even more
so than the studies from the scientific database. It was, however,
essentially impossible to consolidate results statistically in any
meaningful way due to the lack of rigor in reporting statistics
in the gray literature, which at least one journal reviewer deemed
a disadvantage. It was also difficult to use the entire search
strategy due to challenges with the search engines at the gray
literature sources. Both the conduct of the gray literature
searches and the subsequent import of found studies to the
review software were far more time-consuming than in scientific
publication databases; this was a far more manual process that
could not use specialized applications that read the abundant
metadata found in scientific databases to automate workflows.
The time to review and extract data from gray literature studies
was also far more time consuming due to less easily identifiable
inclusion and exclusion criteria and less standardized publication
formats. It is worth noting that, while the inclusion of Nordic

sources and specific language searches made the findings more
context-specific, it may reduce the applicability of the results
elsewhere. As well, reproducing the gray literature searches
may be difficult if not impossible for other researchers due to
the inability to interpret specific search results and the
prospective fluctuation of available documents in the searched
sources. Generally, reproduction of results on effectiveness is
a challenge due to complexities in implementation of HWT in
specific contexts.

Conclusion
Gray literature is worth considering when conducting many
types of reviews related to HWT interventions as they can help
reduce publication bias and include evidence for interventions
that are not typically indexed in bibliographic databases.
Including gray literature is particularly relevant for digital health
and HWT, where studies tend to evaluate adoption and use using
non-RCT study designs and for purposes other than primarily
academic publishing. Caution needs to be taken when drawing
conclusions from results in the gray literature due to a potential
bias that may rise from less rigorous research design, methods,
and data analyses. A risk of bias tool or checklist should be
used, as with other literature. Finally, using a systematic
approach when searching the gray literature is highly
recommended. Planning the search and documenting it in a
similar manner as when searching in bibliographic databases
will save time and effort and make the search transparent and
reproducible.
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Abstract

Background: eHealth interventions have the potential to increase the physical activity of users. However, their effectiveness
varies, and they often have only short-term effects. A possible way of enhancing their effectiveness is to increase the positive
outcome expectations of users by giving them positive suggestions regarding the effectiveness of the intervention. It has been
shown that when individuals have positive expectations regarding various types of interventions, they tend to benefit from these
interventions more.

Objective: The main objective of this web-based study is to investigate whether positive suggestions can change the expectations
of participants regarding the effectiveness of a smartphone physical activity intervention and subsequently enhance the number
of steps the participants take during the intervention. In addition, we study whether suggestions affect perceived app effectiveness,
engagement with the app, self-reported vitality, and fatigue of the participants.

Methods: This study involved a 21-day fully automated physical activity intervention aimed at helping participants to walk
more steps. The intervention was delivered via a smartphone-based app that delivered specific tasks to participants (eg, setting
activity goals or looking for social support) and recorded their daily step count. Participants were randomized to either a positive
suggestions group (69/133, 51.9%) or a control group (64/133, 48.1%). Positive suggestions emphasizing the effectiveness of
the intervention were implemented in a web-based flyer sent to the participants before the intervention. Suggestions were repeated
on days 8 and 15 of the intervention via the app.

Results: Participants significantly increased their daily step count from baseline compared with 21 days of the intervention
(t107=−8.62; P<.001) regardless of the suggestions. Participants in the positive suggestions group had more positive expectations
regarding the app (B=−1.61, SE 0.47; P<.001) and higher expected engagement with the app (B=3.80, SE 0.63; P<.001) than the
participants in the control group. No effects of suggestions on the step count (B=−22.05, SE 334.90; P=.95), perceived effectiveness
of the app (B=0.78, SE 0.69; P=.26), engagement with the app (B=0.78, SE 0.75; P=.29), and vitality (B=0.01, SE 0.11; P=.95)
were found. Positive suggestions decreased the fatigue of the participants during the 3 weeks of the intervention (B=0.11, SE
0.02; P<.001).
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Conclusions: Although the suggestions did not affect the number of daily steps, they increased the positive expectations of the
participants and decreased their fatigue. These results indicate that adding positive suggestions to eHealth physical activity
interventions might be a promising way of influencing subjective but not objective outcomes of interventions. Future research
should focus on finding ways of strengthening the suggestions, as they have the potential to boost the effectiveness of eHealth
interventions.

Trial Registration: Open Science Framework 10.17605/OSF.IO/CWJES; https://osf.io/cwjes

(J Med Internet Res 2022;24(3):e32130)   doi:10.2196/32130
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Introduction

Background
eHealth interventions use information and communications
technology, such as mobile phones and computers, to improve
or enable health care. The widespread availability of
smartphones and computers makes it possible to provide eHealth
interventions to broad populations without significant financial
costs. A large fraction of eHealth interventions focus on
behavioral change and implementing healthy lifestyle habits
such as an increase in physical activity and diet change [1].
Accumulating literature shows that eHealth apps can increase
physical activity in various groups of the population, including
adolescents [2], working-age women [3], older people [4],
patients with cardiovascular diseases [5], and survivors of cancer
[6]. At the same time, multiple meta-analyses and literature
reviews have demonstrated that the effectiveness of various
eHealth interventions varies and that the effects of these
interventions decrease over time [2,4,7,8]. Several characteristics
of the interventions have been proposed to increase their
effectiveness: user-friendly design, real-time feedback, and
health professional involvement [1].

A possible way of increasing the effectiveness of eHealth
interventions, which has not yet been investigated, is to
manipulate the expectations of users regarding the intervention.
This can be accomplished by providing users with positive
suggestions that emphasize the effectiveness of the intervention.
Positive outcome expectations are one of the primary
mechanisms of placebo effects. A lot of research has been
conducted on the effects of positive suggestions on the outcomes
of various interventions [9-11]. For example, it has been
demonstrated that optimizing the expectations of patients
undergoing bypass surgery leads to lower disability in these
patients 6 months after surgery [10]. Placebo effects induced
by enhancing positive expectations of patients have also been
found in pain, itch, depression, fatigue, and nausea [12-15]. In
addition to changing the expectations of users, positive
suggestions about the intervention can also increase the
perceived credibility of the intervention and adherence of the
users to the intervention [9,16].

Although placebo effects induced by positive suggestions have
been extensively investigated in various areas of health care,
studies that look at the potential of using placebo effects in
eHealth remain scarce. A recent study has used several types
of positive suggestions to change the expectations of participants

regarding a smartphone-delivered placebo intervention aimed
at improving mood [17] and has found that expectations about
the app and its credibility decreased during the 20 days of the
placebo intervention. However, this decrease was less prominent
in a combined suggestions condition in which participants were
informed about the positive effects of the app before the start
of the intervention and provided with positive feedback during
the intervention [17]. Although this previous study aimed to
increase positive expectations regarding a placebo intervention,
no study to date has aimed to increase the effectiveness of an
active eHealth intervention by changing the expectations of
participants.

Objectives
This study investigates whether positive suggestions can
influence the expectations of participants and increase the
effectiveness of a physical activity smartphone intervention.
We look at the effects of positive suggestions given before and
during the intervention on several outcomes. The primary
outcomes are (1) expectations of the participants regarding the
effectiveness of the app and (2) the number of steps participants
took during the intervention. The secondary outcomes are the
perceived effectiveness of the app, engagement with the app,
and vitality and fatigue of participants during the intervention.

Methods

Ethics Approval
This study was approved by the psychology research ethics
committee of Leiden University (2020-09-14-AWMEvers-
V2-2625). The study protocol was preregistered on Open
Science Framework [18].

Study Design
A randomized, between-subjects study design was used.
Participants were randomly allocated to one of the two
conditions: (1) positive suggestions group (intervention with
positive suggestions) and (2) control group (intervention without
suggestions). A random number generator was used to block
randomize participants to their condition with a block size of
6.

The study was web based, and all measurements were performed
via the internet. During the intervention, participants did not
have direct contact with the researchers; however, in case they
had questions, they could get in touch with the research team
via email.
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Participants
Healthy participants aged between 18 and 40 years were
recruited for this study. Recruitment was conducted across the
campus of Leiden University and using social media such as
Facebook and WhatsApp groups of students. Inclusion criteria
were the ability to sufficiently understand, read, and write
English; ability to use smartphones and the internet; being in
possession of a smartphone; and being willing to increase
physical activity. Participants with medical conditions that could
hinder a normal physical activity pattern (eg, joint problems or
heart disease) were excluded from this study. Participants
received €10 (US $11.43) or 8 study credit points for
participating in the study in case they completed the whole
intervention, €6 (US $6.86) or 6 study credits in case they
completed 2 weeks, and €3 (US $3.43) or 3 credits if they
completed the first week of the intervention. The reward was
given after the end of the study.

As no research so far has been performed on the effects of
positive suggestions on the step count during an eHealth
intervention, a study on the effects of positive suggestions on
physical performance (weightlifting exercises) was chosen for
the sample size calculation [19]. The power calculation,
conducted with G*Power 3.1 [20], indicated that to detect a
difference between positive suggestions and a control group
using analysis of covariance, with an estimated effect size of
Cohen f=0.47 [19], a critical α level of α=.05, and a power of
β=.95, 31 participants per group, that is, 62 participants in total,
would be needed. In a similar study by our laboratory, which
used the same eHealth intervention in healthy volunteers, the
dropout rate from the moment of recruitment until the end of
the study was 33.6% (46/140). Therefore, we aimed to recruit
93 participants in this study.

Procedure
The study was advertised as a study testing a mobile phone
physical activity intervention. Participants interested in the study
were sent an information letter with the details about the study
and were asked to digitally sign an informed consent form on
the Qualtrics platform (Qualtrics International Inc). Participants
were asked to ensure that they had either Google Fit or Apple
Health apps installed on their phones at least 1 week before the

start of the intervention. The step count data from these apps
from the week preceding the intervention were retrieved by the
study app and used as a baseline measurement of the average
number of steps taken by the participants.

Participants were sent a download link on Apple’s App Store
and Google Play Store 1 week before the start of the
intervention. After downloading the app, they were asked to fill
in several baseline web-based questionnaires measuring their
expectations about the app, vitality and fatigue they experienced
during the past 2 weeks, motivation to exercise, anxiety, and
expected engagement with the app. At this point, they were also
asked to give permission to retrieve their step count from Google
Fit or Apple Health and send them push notifications.

On day 1 of the intervention, participants were randomly
allocated to one of the following intervention conditions:
intervention with positive suggestions or control intervention
(without suggestions). On the morning of day 1 of the
intervention, participants in the positive suggestions group
received a web-based flyer with positive suggestions (Figure
1, left). Participants in the control group received a similar flyer
describing the technical details of the study app (Figure 1, right).
Participants were asked to read the flyers carefully, as the
information given on them would be needed during the
intervention. After reading the flyers, participants were asked
to fill in a questionnaire measuring their expectations regarding
the intervention. Every day of the intervention, at 9 AM,
participants received a push notification from the study app. In
addition, the study app retrieved the step data from Google Fit
or Apple Health and tracked the number of steps participants
took daily. On days 8 and 15 of the intervention, participants
in the positive suggestions group were given brief booster
suggestions regarding the intervention (Figure 2), and
participants in both groups were asked to fill in short
questionnaires about how effective and engaging they found
the intervention. After the last day of the intervention,
participants were asked to fill in several questionnaires that
measured their perceived effectiveness of the intervention,
engagement with the app, vitality, and fatigue. The flowchart
with the steps of the study is presented in Multimedia Appendix
1.

Figure 1. The flyers with positive (left) and control (right) suggestions.
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Figure 2. The screenshot of the short suggestions repeated on days 8 and 15 of the intervention.

Experimental Interventions

Study Conditions

Positive Suggestions Group

In the positive suggestions group, before the start of the
intervention, participants received a leaflet with information
regarding the effectiveness of the intervention. It emphasized
that the study app has been shown to successfully motivate
people to be more physically active and listed various positive
effects of using the app. The flyer with positive suggestions is
presented in Figure 1 (left).

In addition, the suggestions were implemented in the study app
and given to the participants again (booster suggestions) on
days 8 and 15 of the intervention (end of the first and second
weeks of the intervention). Only 2 very short boosters were
given to avoid introducing too much difference in the amount
of information that the control and experimental groups had to
read. A screenshot of the booster suggestions is presented in
Figure 2.

Control Group

In the control group, participants received a leaflet with the
technical details about the study app. The information was
similar in length to the information in the positive suggestions
group but did not aim to influence the expectations of
participants regarding the effectiveness of the intervention. The
control leaflet is presented in Figure 1 (right).

The Study App and Intervention
The study app was developed with MobileCoach [21,22], an
open-source software platform for smartphone-based and

chatbot-delivered behavioral health interventions and ecological
momentary assessments. MobileCoach-based interventions
[23,24] have been used in various studies for, for example, stress
management [25], personality change [26], promotion of health
literacy [23], or physical activity [24]. The graphical user
interface of the app is similar to WhatsApp or other messaging
apps to leverage participants’ expertise in already-existing and
well-known communication and interaction paradigms. The
app connected to the Apple Health or Google Fit apps on the
smartphone of a user and retrieved the step count from these
apps every day of the intervention. Moreover, the app had
integrated LimeSurvey questionnaires (LimeSurvey GmbH)
that allowed the questionnaires to be sent to the users directly
through the study app. The MobileCoach-based app of this study
aimed to increase the physical activity of its users by increasing
their daily step count. The app was tested in other research
projects of our laboratory. No bugs or inconsistencies were
found in the intervention during the trial. The step data of the
participants who finished the intervention were fully available.
The step data of participants who stopped with the intervention
and did not open the app anymore were not available from the
moment they stopped opening the app.

The study intervention included onboarding and 21 days of
active intervention. During the 21 intervention days, every
morning, participants received several messages from the
chatbot of the app, framed as a mobile step coach. These
messages contained short psychological exercises that helped
users set reasonable activity goals and think about reasons for
participating in the intervention, possible barriers, and ways to
overcome these barriers. Similar to other MobileCoach-based
interventions [23,24], participants could communicate with the
chatbot and type their responses in the app or use predefined
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answer options. The app used both predefined scripts and
predefined answer options for maximum safety and traceability
of the intervention progress. The conversational turns with the
chatbot included human cues, for example, a picture of the
coach, humor, and references to the personal life of the coach,
to make the chatbot more human-like [27,28] and trigger a
working alliance [23,29,30], which is robustly linked to

intervention outcomes [31-33]. A screenshot of the app is
presented in Figure 3. As the chatbot was not preprogrammed
to converse on topics not related to the intervention, it was not
able to reply to the spontaneous questions of participants. If
participants needed assistance with the app or had any questions,
they could get in touch with the researchers via email.

Figure 3. The screenshots of the app.

The intervention was based on the Transtheoretical Model of
Health Behavior Change [34]. This model views behavioral
change as an upward spiraling process involving progress
through five stages: precontemplation, contemplation,
preparation, action, and maintenance. Each exercise of the
intervention targeted one of the stages. In addition, several
behavior change techniques were incorporated into the
intervention, such as prompts, cues, information about health
consequences, review of goals, and social rewards [35]. An
overview of the intervention is presented in Multimedia
Appendix 2 (including the stages of the health behavior change
targeted by the exercises).

Measurements and Questionnaires

Demographic Characteristics
Participants were asked about their age, gender, nationality, and
height and weight. BMI was calculated based on the height and
weight of participants using the following formula: weight (kg)

divided by height (m2).

Primary Outcomes
Steps were measured by Google Fit or Apple Health on the
phone of the participants and retrieved from these apps into the
study app. Steps were measured for 1 week before the start of
the intervention and for the 21 days of the intervention. The
mean number of steps from the week before the start of the
intervention was used as a baseline step measure. The number
of steps on each day of the intervention was used in the analyses
as the main outcome measure.

Expectations regarding the effectiveness of the app were
measured with six statements created for this study: (1) the app
will help me become more physically active; (2) the app will
motivate me to increase my step count; (3) the app will help me
enjoy moving more; (4) the app will help me develop and
maintain healthy habits; (5) using the app will make me feel
more energized; and (6) using the app will make me sleep better.
Participants were asked to evaluate these statements using a
5-point Likert scale (1=strongly disagree, 2=disagree, 3=neutral,
4=agree, and 5=strongly agree). Expectations were measured
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twice—at baseline before the flyer was given and after
participants read the flyers with positive or control suggestions.
The total score of the 6 statements was used in the analysis. The
score could range between 6 and 30, with a higher score
indicating more positive expectations. The internal consistencies
of both baseline (α=.79) and day 1 (α=.80) measures were
acceptable and good, respectively.

Secondary Outcomes
Perceived app effectiveness was measured with six statements
created for this study that mirrored the questions about
expectations: (1) the app helps me become more physically
active; (2) the app motivates me to increase my step count; (3)
the app helps me enjoy moving more; (4) the app helps me
develop and maintain healthy habits; (5) using the app makes
me feel more energized; and (6) using the app makes me sleep
better. Participants were asked to evaluate these statements
using a 5-point Likert scale (1=strongly disagree, 2=disagree,
3=neutral, 4=agree, and 5=strongly agree). The total score of
the 6 statements was used in the analysis. The score could range
between 6 and 30, with higher scores indicating more positive
expectations. Perceived effectiveness was measured three times:
on days 8 and 15 and after the last day of the intervention. The
internal consistencies of day 8 (α=.86) and day 15 (α=.87)
measures were good and excellent (α=.90), respectively.

(Expected) Engagement with the app was measured with the
TWente Engagement with EHealth Technologies Scale [36].
Two versions of the questionnaire were used: 1 measuring
expected engagement and 1 measuring current engagement.
The questionnaire contained 9 statements. The expected
engagement questionnaire, measured at baseline and on day 1,
asked users about how engaging they thought they would find
the app. The engagement questionnaire, measured on days 8
and 15 and at the end of the intervention, asked about how
engaging the users found the intervention. Participants were
asked to rate the statements using a 5-point Likert scale
(1=strongly disagree, 2=disagree, 3=neutral, 4=agree, and
5=strongly agree). The total score could range between 9 and
45, with higher scores on the questionnaire indicating higher
engagement with the app. The internal consistency of the
baseline measure was questionable (α=.69); however, the day
1 measure was of acceptable consistency (α=.79), and the day
8, day 15, and last day measures had good internal consistency
(α=.83, .85, and .83, respectively).

Vitality was measured using the Subjective Vitality Scale [37].
The Subjective Vitality Scale comprises 7 statements and
measures the subjective feeling of being alive and alert during
the past 2 weeks. Participants were asked to rate how true they
found the statements on a 7-point Likert scale (1=not at all;
7=very true). The score could range between 7 and 49; higher
scores on the composite scale could be interpreted as
representing higher self-reported vitality. Vitality was measured
at baseline before the start of the intervention and after the last
day of the intervention.

Fatigue was measured using the Checklist Individual Strength
[38]. The Checklist Individual Strength comprises 20 statements
that measure four dimensions of fatigue experienced during the
past two weeks: fatigue severity, concentration problems,

reduced motivation, and activity. Participants were asked to
rate how true they found the statements on a 7-point Likert scale
(1=yes, that is true; 7=no, that is not true). The score ranged
between 20 and 140, and higher scores could be interpreted as
higher fatigue. Fatigue was measured at baseline before the start
of the intervention and after the last day of the intervention.

The motivation to exercise was measured using the Behavioral
Regulation in Exercise Questionnaire-2 [39]. The scale
comprises 19 items. Participants were asked to indicate how
true they found the statements on a 7-point Likert scale (1=not
true for me; 7=very true for me). The questionnaire comprises
five subscales: amotivation, external regulation, introjected
regulation, identified regulation, and intrinsic regulation. Higher
scores indicate higher motivation. The motivation to exercise
was measured once at the baseline.

Anxiety was measured using the Generalized Anxiety Disorder
7-item scale [40]. Participants were asked to indicate how often
they had been bothered by a list of problems in the past 2 weeks
on a 4-point Likert scale (0=not at all; 3=nearly every day). The
score ranged between 0 and 21, with higher scores indicating
higher levels of anxiety. Anxiety was measured once at baseline.

Statistical Analysis
Statistical analyses were performed using RStudio (version
1.1.447; R version 4.0.4). The data and the R code are made
available on the web [18]. All tests were performed 2-tailed.

To compare groups on baseline characteristics (age, BMI, steps
during the week before the start of the intervention, baseline
expectations, fatigue, vitality, baseline expected engagement
with the MobileCoach, and motivation to exercise),
independent-sample 2-tailed t tests or nonparametric Wilcoxon
tests (in case of violations of assumptions) were used. To
examine whether participants enrolled in the first and second
rounds of the recruitment differed on the baseline measurements
and the study outcomes (baseline steps, baseline and
postintervention vitality and fatigue, steps during the
intervention, and postintervention vitality and fatigue),
independent-sample t tests or nonparametric Wilcoxon tests (in
case of violations of assumptions) were used.

To investigate whether the MobileCoach intervention had an
effect on the number of steps participants took daily, we
compared the mean of daily steps participants took in the week
before the intervention with the mean of daily steps during the
intervention with a paired-sample t test.

The lmer function of the nlme package in R (R Core Team,
2013) was used for the linear mixed effects model analyses to
test the main hypotheses of the study. The multilevel structure
of the data was defined by day (level 1) nested in participants
(level 2). Parameters were estimated using the full
maximum-likelihood procedure. In all models, the intercept
was allowed to vary randomly across participants. Random
slopes did not improve the fit of the models; therefore, they
were removed from the final analysis. The effect sizes (Cohen
d) of all linear mixed effects models were calculated using the
EMAtools package. Cohen d=0.2 was interpreted as a small
effect size, Cohen d=0.5 as a medium effect size, and Cohen
d=0.8 as a large effect size [41].
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To investigate whether the suggestions had an effect on the
expectations of the participants regarding the effectiveness of
the intervention, we used a linear mixed effects model. The
expectations of day 1 (postsuggestions) were the dependent
variable, and the independent variables were group and baseline
expectations (presuggestions).

To examine whether the suggestions had an effect on the steps
taken during the intervention, we used a linear mixed effects
model approach. Steps per each of the 21 days of the
intervention were used as the dependent variable, and group,
baseline steps (to control for the individual baseline differences
in walking), and day were the independent variables.

To examine whether the suggestions had an effect on the
perceived effectiveness of the intervention, a linear mixed effects
model was used with the effectiveness of the intervention as
the dependent variable and group and day as independent
variables.

To examine whether the suggestions had an effect on the
expected engagement with the app, a linear mixed effects model
was used with postsuggestions expected engagement as the
dependent variable and group and presuggestions expected
engagement as independent variables. To investigate whether
suggestions had an effect on engagement with the app during
the intervention, a linear mixed effects model was used with
engagement as the dependent variable and day and group as
independent variables.

To examine whether the suggestions had an effect on vitality
and fatigue, 2 separate linear mixed effects models were used
with vitality or fatigue during the intervention as the dependent
variable and group and baseline vitality or fatigue as independent
variables.

To examine whether postsuggestion expectations had an effect
on the dependent variables, several similar models were created
with postsuggestion expectations instead of the group as an
independent variable and step count, perceived app
effectiveness, (expected) engagement, vitality, and fatigue as
dependent variables.

Results

Participants
In the first round of the study, 93 participants were recruited
between November 2020 and December 2020. As the inclusion
criteria were presented in the advertisement, no participants had
to be excluded based on not meeting the inclusion criteria.
However, the dropout rate was larger than expected, and full
data of only 39.8% (37/93) participants were available after the
first round of data collection. Therefore, the intervention was
performed again in February 2021, with 45 more participants
recruited into the study to reach the intended sample size. No
follow-up was conducted with the participants who stopped
prematurely because of the web-based nature of the study.
Therefore, the reasons why the participants dropped out remain
unknown.

In total, 138 participants were randomized between 2 groups;
133 (96.4%) participants started the study, and the full data of
79 (57.2%) participants were available. The flowchart of the
participants included in each step and dropouts is presented in
Multimedia Appendix 3. An overview of the missing data is
presented in Multimedia Appendix 4. All available data were
included in the analyses, and the number of participants included
in each analysis is presented in the results.

Demographics and Baseline Characteristics
Of the 133 participants, 69 (51.9%) participants (n=55, 80%
women; n=13, 19% men; and n=1, 1% other) were assigned to
the positive suggestions group and 64 (48.1%; n=56, 88%
women and n=8, 13% men) to the control group. The mean age
of the sample was 23.3 (SD 6.1) years. An overview of the
baseline characteristics across the groups with comparison tests
is presented in Table 1. No differences in characteristics were
found between any of the groups. No differences were found
in the baseline measurements and the outcomes of the study
between the participants who took part in the first and second
rounds of the recruitment.
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Table 1. Mean scores of the baseline variables per group and the comparison statistics (N=133).

P valueWilcoxon testat test (df)Control group (n=64)Positive suggestions group
(n=69)

Variable

Value,

n (%)

Value,

mean (SD)

Value,

n (%)

Value,

mean (SD)

.221939—a64 (100)22.45 (5.26)69 (100)24.00 (6.79)Age (years)

.972004—61 (95)22.71 (3.38)66 (96)23.08 (4.52)BMI (kg/m2)

.991457—53 (83)4172.77 (2576.11)55 (80)4060.47 (2271.2)Steps

.872171—64 (100)21.05 (3.12)69 (100)21.29 (2.87)Expectations about app effectiveness

.77—0.30 (131)64 (100)30.20 (2.86)69 (100)30.06 (2.75)Expected engagement with the study
app

.81—0.25 (131)64 (100)4.28 (0.87)69 (100)4.25 (0.88)Vitality

.59—0.54 (131)64 (100)30.98 (8.95)69 (100)30.12 (9.61)Fatigue

.752279—64 (100)6.05 (4.7)69 (100)5.49 (3.97)Anxiety

Motivation to exercise

.852170—64 (100)5.62 (2.57)69 (100)5.61 (2.49)Amotivation

.892178—64 (100)6.23 (3.16)69 (100)6.04 (2.65)External

.182508—64 (100)9.45 (3.27)69 (100)8.54 (3.37)Introjected

.832255—64 (100)14.59 (3.82)69 (100)14.46 (3.72)Identified

.832256—64 (100)13.59 (4.36)69 (100)13.94 (4.6)Intrinsic

aWilcoxon test coefficient was used in case a variable was not normally distributed.

Primary Analyses

Expectations
Expectations significantly differed between groups, with a
medium effect size (B=−1.61, SE 0.47; t124=−3.40; P<.001;

Cohen d=0.61; 125/133, 94%) when controlling for the
presuggestion expectations: participants in the positive
suggestions group (mean 21.82, SD 2.64) expected the app to
be more effective than participants in the control group (mean
20.98, SD 3.23). The mean expectations for each group are
presented in Figure 4.

Figure 4. Mean expectations scores per group at baseline and after the flyer with suggestions was sent to participants on day 1. The error bars indicate
SDs.
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Steps
Irrespective of the group, participants significantly increased
the number of daily steps during the intervention (mean 5689.6,
SD 2718.3) compared with the mean number of daily steps
during the week before the intervention (mean 4115.5, SD
2414.9; t107=−8.62; P<.001; 108/133, 81.2%).

The difference between the steps performed on each day of the
intervention and the mean number of steps from the baseline
week is shown in Figure 5. The multilevel model with the
number of steps during the intervention as a dependent variable;
baseline steps, day, and group as predictors; and a random

intercept (108/133, 81.2%) demonstrated no significant effect
of the group on the number of steps (B=−22.05, SE 334.90;
t105=−0.07; P=.95; Cohen d=0.01). The model showed that the
variable day significantly predicted the number of steps:
participants in both groups increased the number of steps they
took daily during the intervention (B=37.47, SE 12.51;
t2009=2.99; P=.003). However, the effect size of the day as a
predictor was negligible (Cohen d=0.13). Baseline steps also
significantly predicted the steps taken during the intervention
with a large effect size (B=0.71, SE 0.07; t105=10.48; P<.001;
Cohen d=1.97): participants who took more steps in the baseline
week also took more steps during the intervention.

Figure 5. The difference between the mean number of steps taken during the intervention per day and the baseline mean steps per group. The error
bars indicate SDs.

The model with postsuggestion expectations instead of the group
(108/133, 81.2%) demonstrated that expectations did not
influence the number of steps taken during the intervention
(B=−44.06, SE 59.68; t105=−0.74; P=.46; Cohen d=0.14). The
effects of the day (B=37.56, SE 12.51; t2009=3; P=.003; Cohen
d=0.13) and baseline steps (B=0.70, SE 0.07; t105=10.08;
P<.001; Cohen d=1.97) were also significant in this model.

Secondary Analyses

Perceived App Effectiveness
The reported effectiveness of the app is presented in Multimedia
Appendix 5.

The multilevel model with the app effectiveness as a dependent
variable, group and day number as predictors, and a random
intercept (122/133, 91.7%) demonstrated that the group did not
influence the perceived app effectiveness (B=0.78, SE 0.69;
t120=1.12; P=.26; Cohen d=0.21). The day variable had an effect
on the effectiveness: participants reported an increase in the
effectiveness of the app during the intervention (B=0.06, SE
0.02; t210=2.81; P=.005; Cohen d=0.39).

(Expected) Engagement With the App
The multilevel model with group and baseline (presuggestions)
expected engagement as predictors and random intercept varying

across participants (127/133, 95.5%) demonstrated that the
group had a significant effect on the postsuggestions expected
engagement (B=3.80, SE 0.63; t124=6.04; P<.001; Cohen
d=1.09) when controlling for the presuggestions expected
engagement: participants in the positive suggestions group
(mean 31.62, SD 3.31) expected the app to be more engaging
than participants in the control group (mean 30.41, SD 3.26).

Another model with engagement as a dependent variable, and
group (122/133, 91.7%) and day number as predictors
demonstrated that neither group (B=0.78, SE 0.75; t120=1.06;
P=.29; Cohen d=0.19) nor day (B=0.042, SE 0.03; t210=1.60;
P=.11; Cohen d=0.22) had an effect on the reported engagement.

Vitality
The multilevel model with vitality during the intervention as a
dependent variable, group and baseline vitality as predictors,
and a random intercept (117/133, 88%) demonstrated that the
group did not have an effect on vitality during the intervention
(B=0.01, SE 0.11; t114=−0.07; P=.95; Cohen d=0.01). Baseline
vitality was positively associated with vitality during the
intervention (B=0.20, SE 0.02; t114=11.11; P<.001; Cohen
d=2.08).
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Fatigue
The multilevel model with fatigue during the intervention as a
dependent variable and group and baseline fatigue as predictors
(133/133, 100%) demonstrated that the group significantly
predicted fatigue (B=3.09, SE 0.59; t130=5.22; P<.001; Cohen
d=0.92): participants in the positive suggestions group (mean
23.49, SD 12.47) reported lower fatigue than participants in the
control group (mean 24.94, SD 11.62). Baseline fatigue
positively predicted fatigue during the intervention (B=0.11,
SE 0.02; t130=6.68; P<.001; Cohen d=1.17).

Postsuggestion Expectations
Postsuggestions expectations significantly influenced the
perceived app effectiveness (B=0.62, SE 0.10; t119=6.13;
P<.001; Cohen d=1.12; 121/133, 91%): the higher expectations
participants had about the app on day 1, the higher the app
effectiveness they reported during the intervention.
Postsuggestion expectations also significantly, and with a large
effect size, influenced the vitality of participants (B=0.02, SE
0.004; t114=5.09; P<.001; Cohen d=0.95; 117/133, 88%): higher
expectations were linked to higher vitality during the
intervention. The postsuggestion expectations had no effect on
fatigue (B=−0.04, SE 0.02; t124=−1.79; P=.08; Cohen d=0.32,
127/133, 95.5%).

Discussion

Principal Findings
The aim of this study was to investigate whether it is possible
to improve the effectiveness of a physical activity smartphone
intervention through positive suggestions. We demonstrated
that positive suggestions affected the expectations of participants
regarding the effectiveness of the app; however, they were not
effective enough to affect the main outcome; that is, daily step
count. In addition, participants in the positive suggestions group
reported higher expected engagement with the app and lower
fatigue during the intervention than the participants in the control
group.

The smartphone intervention was effective in helping people
increase their physical activity. Participants in both groups
walked on average 1500 (SD 2517) steps more during the
intervention than before the intervention. Moreover, there was
some indication that participants increased their daily steps as
the intervention progressed; however, despite the significant
effect, the effect size was negligible. This result was expected
as the intervention included the phases of the Transtheoretical
Model of Health Behavior Change that starts with
precontemplation and contemplation about the behavior change
and ends with the maintenance of new health behavior [34]. A
number of studies demonstrated that physical activity
interventions based on the Transtheoretical Model of Health
Behavior Change could efficiently increase physical activity in
various populations [42-44]. In addition, multiple other
smartphone interventions based on different theoretical
approaches were shown to increase the physical activity of app
users [2,3,8]. Therefore, our results are in line with the literature
showing that a psychological smartphone intervention can be

successful in helping people increase their physical activity, at
least in the short term.

Two outcomes were considered primary in this study:
expectations of participants regarding the effectiveness of the
intervention and the number of steps taken during the
intervention. We hypothesized that positive suggestions would
change the expectations of participants, and these increased
positive expectations, in turn, would lead to a better outcome
of the intervention—an increase in the daily step count. This
model is often described in the literature as a working
mechanism of placebo effects: positive suggestions induce a
change in expectations, and positive expectations lead to better
treatment outcomes [16]. The first part of our primary hypothesis
was supported by the data: participants in the positive
suggestions group indeed reported expecting better effectiveness
of the app than the control group. Although the change in the
expectations score was quite small, the effect size was shown
to be medium. This result is in line with the broad literature on
placebo effects: multiple studies demonstrated that positive
suggestions given by a health care professional, or an
experimenter, can change the expectations of people regarding
various types of interventions—in pain [45,46], itch [47,48],
nausea [49,50], and many other symptoms [13,15,51].

Despite the effectiveness of the expectancy manipulation,
changing the expectations of participants was not enough to
influence their daily step count: no difference was found
between the groups in their number of steps during the 21 days
of the intervention. Moreover, expectations regarding app
effectiveness were not predictive of the number of steps
participants made, which may explain why an increase in
expectations did not affect the step count. These results do not
support our main hypothesis and contradict the literature on
treatment expectations [52]. The reason for this contradiction
can be that our study differs from other studies that used positive
suggestions. Most of the research applied positive suggestions
focused on symptom-reducing interventions, such as
interventions decreasing pain [45,46], itch [53], or nausea [54]
or improving mood [55,56]. The intervention that we used in
our study aimed to change the behavioral habits of people and
required active action from users. Different mechanisms might
be involved in interventions that relieve subjective symptoms,
such as pain, and interventions that target to change behavior.
We can speculate that expecting an overall positive change is
not specific enough to improve the outcomes of such
interventions and affect their behavior. According to the
self-efficacy theory of Bandura [57,58], self-efficacy beliefs
have to be very specific to successfully influence behavior, and
possibly this specificity was lacking in the suggestions we gave.
Generic positive suggestions about an intervention might be
more powerful for some subjective outcomes, such as fatigue,
which was influenced by positive suggestions in our study.
Similar results were found in previous research aimed at
influencing food choices by positive suggestions: suggestions
influenced subjective food preferences but not actual behavior
[59,60]. Our results confirm the results of multiple studies that
have demonstrated that fatigue can be decreased by positive
suggestions regarding various placebo treatments [19,61].

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32130 | p.375https://www.jmir.org/2022/3/e32130
(page number not for citation purposes)

Skvortsova et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Another explanation for the failure to confirm the main
hypothesis for step count could be the fact that the suggestions
given in this study were quite minor. Participants received a
flyer with suggestions at the beginning of the study, and the
suggestions were briefly repeated on days 8 and 15 of the
intervention. It is possible that if the suggestions were more
extensive and implemented in each element of the intervention
itself, they might have affected the physical activity of the
participants.

Finally, the possibility exists that the suggestions did not
influence the number of steps but some other parameters that,
in turn, could have affected fatigue. The app was not able to
measure the pace of walking or the frequency of walking of
participants. If positive suggestions affected the walking pace
and frequency, these increases in physical activity could have
caused the experimental group to experience less fatigue during
the intervention.

Limitations
Several limitations of this study have to be addressed. First, the
participants of this study were young and healthy university
students. This group is very familiar and comfortable with using
mobile phone apps. Therefore, the effects found in this study
might not be generalizable to older and less technically
experienced populations. It can be that older and less technically
experienced people would find it harder to use the app, and
therefore, the effects of the app could be smaller in this group
of people. At the same time, our main goal was to investigate
the effects of positive suggestions on app effectiveness, and
there is no particular reason for assuming that computer literacy
would influence these effects. Second, several other control
groups could have been included in the study to enable us to
interpret the results more fully. For example, this study did not
include a control group that did not participate in the
intervention. This fact makes it impossible to pinpoint whether
the intervention was the reason for the increase in physical
activity of participants. However, as the main aim was to
investigate the effect of positive suggestions, we omitted this
experimental condition. In addition, a comparison was made
between a group that received a flyer with positive suggestions

and a group that received a flyer with technical details. The
possibility remains that the fact of presenting users technical
versus nontechnical information influenced the study results on
top of the presentation of positive versus neutral information.
Future research should investigate whether nontechnical neutral
information about eHealth apps differently influences their
effectiveness. Another limitation of the study is that no
follow-up was performed. It remains unknown whether
participants would maintain the new habits that they developed
during the intervention or the positive effects would disappear
quickly after the intervention’s end. Moreover, a selection bias
may have been present in this study. It was advertised as a study
aimed at increasing physical activity, which might have attracted
participants who were already interested in changing their
lifestyles. It would be interesting to see how effective the
suggestions would be in less motivated or less healthy
participants, particularly as a recent meta-analysis of the effects
of physical activity eHealth interventions demonstrated that
clinical and at-risk groups benefit from such interventions more
than healthy volunteers [8]. Another possible limitation of this
study is that social desirability might have played a role in the
effects we have found. Studies show that similar social
desirability patterns occur in interactions with conversational
agents, especially when the conversational agent is more
human-like [62,63]. The study app used human cues to establish
a better working alliance with the participants. However, it
could have triggered the participants to give more socially
desirable answers on subjective self-report measures.

Conclusions
In summary, we have demonstrated that short positive
suggestions regarding the effectiveness of a mobile health app
can affect the expectations of users and decrease their fatigue.
Although no effect was found on the main outcome—the step
count—these results indicate that eHealth interventions might
benefit from adding positive suggestions to the description of
the apps. Suggestions are an easy and effective way of giving
an extra boost to the effectiveness of eHealth interventions,
which does not require extra time or investment. Future research
should focus on optimizing such suggestions to achieve actual
behavior changes.
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Abstract

Background: Disinformation has become an increasing societal concern, especially due to the speed that news is shared in the
digital era. In particular, disinformation in the health care sector can lead to serious casualties, as the current COVID-19 crisis
clearly shows.

Objective: The main aim of this study was to experimentally examine the effects of information about the source and a protective
warning message on users’ critical evaluation of news items, as well as the perception of accuracy of the news item.

Methods: A 3 (unreliable vs reliable vs no identified source) × 2 (with protective message vs without) between-subject design
was conducted among 307 participants (mean age 29 (SD 10.9] years).

Results: The results showed a significant effect of source information on critical evaluation. In addition, including a protective
message did not significantly affect critical evaluation. The results showed no interaction between type of source and protective
message on critical evaluation.

Conclusions: Based on these results, it is questionable whether including protective messages to improve critical evaluation is
a way to move forward and improve critical evaluation of health-related news items, although effective methodologies to tackle
the spread of disinformation are highly needed.

Trial Registration: ClinicalTrials.gov NCT05030883; https://clinicaltrials.gov/ct2/show/NCT05030883

(J Med Internet Res 2022;24(3):e27945)   doi:10.2196/27945

KEYWORDS

health communication; disinformation; protective message; source; critical evaluation; critical thinking

Introduction

Background
Disinformation is an increasing societal concern in many
countries and had been highly apparent during the COVID-19

crisis [1-5]. Following the definition established by UNESCO
(United Nations Educational, Scientific and Cultural
Organization) [4], disinformation is considered in this study as
information that is false and deliberately created to harm a
person, social group organization, or country [4-6], while
misinformation is defined as information that is false but has
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not been created with the intention to harm someone and
malinformation is defined as information based on reality and
used to inflict harm on a person, social group, organization, or
country. During times of crises, such as the current COVID-19
situation, disinformation in the health space is thriving.
Therefore, European institutions are jointly fighting against
disinformation and working in close cooperation with online
platforms to ensure effective public health communication
[1,7,8].

Transparency regarding the way information is produced or
sponsored is necessary to support high quality (digital)
information provision, and the relation between information
creators and distributors needs some rebalancing [9].
Disinformation may lead to inaccurate beliefs and can
exacerbate partisan disagreement over basic facts that could
easily be checked [10]. There may have been instances of
dissemination of false or misleading information in the past,
but in contemporary societies its consequences arrive faster,
become more visible, and therefore seem to harm current
societies to a larger extent than before. In particular, Facebook
was used as a platform to direct users to websites where
disinformation was published, showing the importance of the
hierarchical, institutional, or professional structures that
traditional media provides as a gatekeeper but social media
platforms miss because of their origin [11,12].

Literature Review
Following the truth-default theory [13], people generally tend
to believe others as a default state, a so-called “truth bias.”
Levine [13] proposes that this truth default is adaptive, based
on contextual and informational factors. Considering that belief
in honesty is a default state, which is a passive starting place
for making inferences about communication, the truth-default
theory predicts that once suspicion is actively triggered, the
possibility of processing a message as deception might occur.

Nowadays, social media platforms have become de facto news
curators [14,15]. Since many people, particularly youth [3],
consume their main news information from social media
platforms, the influence of disinformation has become a real
threat around the world and should be investigated [16-19]. For
example, about half of American adults (53%) report that they
get news from social media often or sometimes [17].

Due to the information flows provided by the internet,
information today can be published by anyone and come from
anywhere, which is a participatory strength of an open society
but also has its weaknesses [20,21]. Disinformation often
contains appealing titles and salient pictures that cue emotional
arousal, giving rise to impulsive sharing decisions [22].
Consequently, disinformation is often quickly shared on social
media after the sharer has read the attractive title or appealing
highlights but perhaps not the complete content [23].

Empirical Evidence
Regardless of why the information was shared, this phenomenon
only reinforces the problem of the dissemination of
disinformation [20]. Vosoughi et al [24] demonstrate that the
rate of spreading of disinformation is 6 times that of spreading
truthful content. Bode and Vraga [25,26] suggest that once

disinformation is absorbed, it is much more difficult to change
the misperception or belief (ie, rectify it) and that it can take a
long time to resolve false rumors [27]. In particular, youths find
it more difficult to overcome the spread of disinformation, as
they are digital natives and most fake news is shared on online
platforms [28]. Another study showed university students
visiting social media platforms more often, and sharing and
liking posts increases the susceptibility of students to fake news
[29]. Furthermore, Buchanan showed that sharing false
information online was not influenced by authoritativeness of
the source of the material, and participants’ level of digital
literacy had little effect on their responses [30]. Importantly,
multimodal disinformation, which occurs mainly on social
media, is considered slightly more credible than textual
disinformation [31].

A meta-analysis by Chan et al [32] shows that media literacy
can affect the extent to which people can interpret
disinformation. The researchers recommend improving people’s
media literacy to encourage a critical attitude toward the
processing of disinformation. Media literacy allows users to be
more critical of what they see and read, so they can judge for
themselves whether they believe the information [32]. More
specifically, eHealth literacy, the competence of people to
accurately comprehend health information, also influences
individual susceptibility to health-related information provided
on social media [33].

In addition, recent research by Clayton et al [34] shows that
disinformation on Facebook is perceived to be less accurate
when a protective warning message is posted announcing that
disinformation occurs on this platform. The authors argue that
more research needs to be done to ensure disinformation is
effectively combated to reduce the negative effects on health
care provision, but that real and accurate news does not suffer
from the effects of such an intervention [34]. Therefore, it seems
important to focus on stimulating critical processing of the
content of news messages rather than just using a warning that
influences the perception of accuracy of news messages in
general. Unfortunately, relatively little is known about effective
interventions that cause Facebook users to evaluate information
more critically, thus enabling them to recognize disinformation
more easily.

Study Objective and Hypotheses
The main objective of this study is to gain more insight into the
extent to which source information and a protective message
have an effect on critical evaluation by Dutch Facebook users.
In Figure 1 we show the conceptual model. Based on the
truth-default theory, the expectation is that participants exposed
to news messages from an unreliable source will activate more
critical reflection than participants exposed to news messages
from a reliable or unidentified source (H1a). Furthermore, it is
hypothesized that participants exposed to news messages from
an unreliable source will perceive these news items as less
accurate than participants exposed to news messages from a
reliable or unidentified source (H1b). In addition, participants
exposed to news messages following a protective message will
activate more critical reflection (H2a) and perceive these items
as less accurate (H2b) than participants exposed to news
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messages without a preceding protective message. Finally, it is
expected that adding a protective message will moderate the
effect of the credibility of the source on critical reflection and
perceived accuracy of news items. More specifically, we expect
that participants exposed to news messages from an unreliable
source who have previously encountered a protective message
will activate more critical reflection (H3a) and perceive news

items as less accurate (H3b) than participants who have not
encountered a protective message before. In contrast, we do not
expect any difference in critical reflection and perceived
accuracy to be instigated by the protective message among
participants exposed to news messages from a reliable or
unidentified source.

Figure 1. Conceptual model.

Methods

Design
To test the hypotheses and investigate the effects of source
information and a protective message on critical evaluation and
perception of accuracy of news items on Facebook, an online
between-subjects experiment with 3 (unreliable vs reliable vs
unidentified source) × 2 (with protective message vs without)
levels was constructed. Six conditions were created in line with
the factorial design of the study, and participants were randomly
assigned to one of the conditions. Participants’critical evaluation
and the perception of accuracy of the presented (news) messages
were assessed as dependent variables.

Stimulus Material
The stimulus material consisted of a short video clip showing
how an (anonymous) user opens the Facebook app on a
smartphone to scroll over the Facebook timeline. Considering
that many people consume their main news from social media
[17], we decided to use Facebook as stimulus material. This is
a daily activity for many Facebook users, and the video clip
aimed to imitate this daily activity as realistically as possible.
The Facebook timeline featured in the clip contained 3 short
(news) messages shown one after the other. Each (news)
message was on screen for 10 seconds. No other messages were
shown in the video.

The (news) messages were about ambiguous health-related
topics so it would not be immediately apparent to participants
whether the news messages was accurate [11]. This setup made
it possible to test the effects of the source type and protective
message. The presented (news) messages addressed vaccination
[35], climate change [36], and health insurance [37]. The (news)
messages about vaccination and health insurance were made
up for this study, and the climate report was a real news report
from a Dutch public broadcaster, Nederlands Omroep Stichting
(NOS) [38]. The headline for the vaccination item was
“Prohibition for unvaccinated children” and the body text was
“Is your child not vaccinated? Then he or she is no longer
welcome at daycare centers and primary schools. This decision

made last Monday. There is an unnecessarily high risk and that
is why this ban is necessary, the government says.” The headline
for the climate change item was “Dutch aviation’s impact on
climate change is going to be enormous” and the body text was
“If no new measured are taken, the CO2 emissions of Dutch
aviation will double over the next 30 years. This will make
aviation one of the largest polluters in the Netherlands in 2050.”
The headline for the health insurance item was “Deductible
amount in health care will double next year” and the body text
was “Health insurers can no longer finance high health care
costs if people’s deductible amount remains so low. Deductible
amount must increase considerably in order to be able to provide
good care for everyone.”

Source Information
To examine the influence of source information, both above
and below each news message an unreliable, reliable, or
unidentified source was provided. The choice of the unreliable
source was based on previous research by Pennycook and Rand
[39], who used the existing news site Dailybuzzlive to represent
an unreliable source. The reliable source chosen was NOS,
based on research by the Media Monitor [40] showing that NOS
is perceived as the most reliable news source in the Netherlands.
Unidentified source (news) messages were shown without source
information.

Protective Message
To examine the influence of a protective message, half of the
participants received a protective message in the video
displaying the (news) messages. After the anonymous users
displayed in the video opened the Facebook app, a warning
about fake news appeared. This warning was in Dutch and
motivated by previous research by Clayton et al [34]. It read
“Warning! Note: fake news can occur on Facebook. Some news
stories use misleading tactics to try and convince the public that
they are true.” The warning was on the screen for 10 seconds,
so the short video clip with a warning lasted 10 seconds longer
(48 seconds in total) than the clip without a warning. Figure 2
shows an example of how a reliable source with a protective
message was presented.
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Figure 2. Stimulus material.

Participants
Participants were recruited during May and June 2019 through
an online panel (Prolific) and a Qualtrics link shared on social
media channels such as Facebook, Instagram, and LinkedIn.
Analyses were conducted separately for both groups of
participants, but no different effects were found. Therefore, we
have decided to aggregate the two groups and only report the
analyses for the complete group of participants. A G*power
analysis (effect size=0.25, alpha=.05, power=.80, and two
predictors) determined a minimum sample size of 158
participants [41]. In total, 411 participants were recruited to the
study, however, 67 participants did not fully complete the

questionnaire. In the experiment, it was important that
participants completed the questionnaire without pausing
because this could interrupt the flow and would harm the
validation of the protective message. In order for the effect of
the manipulation to be tested accurately, participants (n=8) who
needed more than 15 minutes to complete the questionnaire
were removed. The control question was a check to see if
participants paid attention to the stimulus material, and
participants (n=29) who could not remember what the news
items were about (assessed with a closed question) were
removed. After dropping participants who did not meet the
abovementioned standards, the total number of participants was
307 (see Figure 3).

Figure 3. Flow diagram of study participants.
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Ethics Approval
The ethical committee of the Tilburg School of Humanities and
Digital Sciences (REDC 2019-60, obtained April 29, 2019) in
the Netherlands approved this study. This trial was registered
at ClinicalTrials.gov [NCT05030883].

Procedure
Participants conducted the experiment in an online survey in
Prolific and Qualtrics that included a random allocation
procedure. Furthermore, the participants participated
anonymously, and informed consent was provided by the
participants. Next, participants were asked to report whether
they had a Facebook account, and sociodemographic data were
collected (gender, age, education level). Next, participants were
randomly allocated to one of the 6 experimental conditions.
After the video clip, users’ general critical evaluation of the 3
displayed (news) messages was assessed. This was followed
by questions about the perception of accuracy. Additional
questions were then asked, such as reasons for Facebook use,
frequency of Facebook use, whether participants follow the
news via Facebook, whether they trust the news on Facebook,
and to what extent they generally follow the news. Finally, a
manipulation check was performed. People were asked if
participants had seen a warning and what this warning was about
and if they had observed a news source and what news source
it was. After the last question a debriefing explained the purpose

of the research. After the debriefing, participants were thanked
for their participation.

Measurements

Dependent Variables

Critical Evaluation Skills

Critical evaluation was assessed based on a scale developed by
Metzger et al [41]. This unidimensional scale consists of 9 items
on 5 different aspects (accuracy, authority, objectivity, currency,
and coverage), testing on a 5-point Likert scale (1=never,
5=always) if participants conducted these behaviors when
reading news (Table 1). To confirm the unidimensional structure
reported by Metzger et al [41], a principal component analysis
(PCA) with oblimin rotation was performed across the 9
variables. We decided to use PCA over confirmatory factor
analysis because we were interested in all the variances of the
data we collected. The Kaiser-Meyer-Olkin test showed that it
was an adequate sample to perform a PCA, sample adequacy
is .91 (great according to Field [41]), Bartlett test of sphericity

was significant (χ2
36=1573.62, P<.001), and all variable loadings

were >.606. The analysis yielded a single factor (Eigenvalue
5.15) that explained 57.28% of the total variance. Factor
loadings are shown in Table 1. Hence, all 9 items were collapsed
into a mean index, Cronbach α=.90, mean 3.15 [SD .93].

Table 1. Principal component analysis critical evaluation.

Component loadingItem

0.730Check if the information is up to date

0.820Check the source

0.871Verify the quality of the source

0.818Check the origin of the source

0.774Find out if the source is officially recognized

0.739Consider whether the information presented is fact or opinion

0.606Find out or try to understand the intent of the author

0.625Find other sources to validate the information

0.786Verify that the information is complete and comprehensive

Perception of Accuracy

This variable is based on earlier research by Clayton et al [34]
and consisted of 1 question per (news) message. The aim of the
question was to find out what perception of accuracy participants
had with a (news) message. The participant was asked to what
extent they thought the statements in the (news) message were
accurate. This was measured on a 4-point Likert scale (1=not
at all accurate, 4=very accurate).

Control Variables
Multiple variables were assessed as potential covariates. For
example, participants were asked how often they use Facebook
(1=daily, 7=never; based on Clayton et al [34]), whether they
followed the news via Facebook (1=always, 5=never; based on
the Pew Research Center [3]), and if they had confidence in
news on Facebook (1=completely disagree, 5=completely agree)

[41]. In addition, a second statement asked whether participants
followed the news on a daily basis (1=completely disagree,
5=completely agree) [3]. Finally, participants were asked their
gender (male/female), age (numerical), and the highest level of
education completed.

Manipulation Check
Participants answered 4 questions at the end of the experiment
to check whether manipulation was observed. First, they were
asked if they had seen a warning in the video. Participants could
answer this question with yes or no. When participants had seen
a warning, they were then asked what the warning was about.
There were 4 choices: internet limit, fake news, virus, and
changes in news. Second, participants were asked whether they
had seen a news source in the video. Here too, participants were
able to answer yes or no. When participants had seen a news
source, they were asked which news source they had seen. They
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could choose from Volkskrant, Dailybuzzlive, NOS,
NederlandsNieuws, and I don’t remember.

Results

Descriptive Information
Study participants were 53.7% (165/307) men and 46.3%
(142/307) women. The average age of the participants was 29
[SD 10.90] years. The highest completed level of education of
participants was mainly higher educated, with 0.3% (9/307)
reporting primary school, primary education, or no education
as highest educational level; 1.3% (40/307) reporting preparatory
secondary vocational education or lower general secondary
education; 15.0% (46/307) reporting school of higher general
secondary education or the preuniversity education; 7.5%
(23/307) reporting secondary vocational education; 37.8%
(116/307) reporting higher professional education; and 38.1%
(117/307) reporting university. All participants had a Facebook
account. Participants mainly used Facebook to stay in touch
with friends and family (221/307, 72.0%) and to stay informed
about events (148/307, 48.2%). In addition, 25.7% (79/307) of
participants indicated that they used Facebook for news and
information, 20.5% (63/307) for pastimes, and 12.4% (38/307)
to be able to follow brands or famous people. On average,
participants spend a few times a week on Facebook (mean 2.08
[SD 1.50]) and on average they occasionally followed the news
via Facebook (mean 3.74 [SD 1.03]). In addition, confidence
in news via Facebook was low (mean 2.28 [SD .91]) and
participants on average followed the news daily (mean 3.68 [SD
1.16]).

Correlational Analyses
To test for potential covariates, Pearson correlations were
calculated between all control variables and critical evaluation
and perceived accuracy of the news item. Only “trust in news
via Facebook” (r=–.140, P=.01) and “the daily following of
news” (r=.208, P<.001) were significantly related to critical
evaluation. Participants with lower trust in Facebook news and
greater daily news consumption engaged in more critical
evaluation of the presented (news) messages. Therefore, “trust
in news via Facebook” and “daily monitoring of news” were
included as covariates in the analyses.

Manipulation Checks
First, a manipulation check on the source information showed
that 88.3% (91/103) of participants in the conditions with a
reliable source saw a news source, while 11.7% (12/103) did
not. In conditions with an unreliable source, 63% (60/96) of
participants indicated that they had seen a news source, and
38% (36/96) did not. In the conditions without a news source,
64.8% (69/108) indicated that they had not seen a news source
and 36% (39/108) indicated that they had seen a news source.

The chi-square test (χ2
2=61.02, P<.001) showed that the

differences between the experimental conditions, whether or
not participants saw a news source, were significant. This means
that the manipulation, whether participants have seen a news
source or not, has been successful. Nonetheless, we tested the
hypotheses with and without the noncompliers. We found no

different in the results with and without noncompliers.
Therefore, we decided to include all in the final analysis.

Second, of the participants who have seen a reliable news
source, 96.7% (88/91) named NOS.nl as a source. In the
unreliable source condition, 95% (57/60) indicated that they
had seen Dailybuzzlive.nl. A salient feature is that 36.1%
(39/108) of participants in the no source condition indicated
that they had seen a certain news source, but this was not the
case. For example, 7 participants indicated that they had seen
Volkskrant.nl, 6 participants Dailybuzzlive.nl, 15 participants
NOS.nl, 5 participants NederlandsNieuws.nl, and 6 participants
could not remember.

Third, when asked whether participants had seen a warning in
the video on Facebook, in the conditions without a warning,
92.7% (139/150) of participants indicated that they had not seen
a warning. The remaining participants (11/150, 7.3%) indicated
that they had seen a warning. In the conditions with a protective
message, 91.1% (143/157) of participants indicated that they
had seen a warning and 8.9% (14/157) indicated that they had

not seen a warning. The chi-square test (χ2
1=215.22, P<.001)

showed that the differences between the experimental
conditions, whether participants had seen a warning or not, were
significant. From this it can be concluded that the manipulation
was successful. Of the participants who saw a protective
message, 97.2% (139/143) indicated that the warning was about
fake news.

Testing of the Hypotheses
An analysis of covariance (ANCOVA) on critical evaluation
showed a significant main effect of source information on
critical evaluation (F2,299=6.401, P=.02). Post hoc analysis with
Bonferroni correction showed that participants exposed to a
news message with an unreliable source (mean 3.31, SE .09)
scored significantly higher (P=.02) on critical evaluation than
the group with a reliable source (mean 2.95, SE .09). There was
no significant difference between no source (mean 3.19, SE
.09) and a reliable (P=.18) or unreliable source (P>.99). These
results partly support H1a. Furthermore, the ANCOVA showed
that there is a marginally significant relation between trust in
news via Facebook and critical evaluation (F1,299=3.62, P=.06)
and a significant relation between following the news daily and
critical evaluation (F1,299=15.14, P<.001).

In addition, the ANCOVA showed that a protective message
did not significantly affect critical evaluation (F1,299=1.59,
P=.21), thereby rejecting H2a. Finally, the ANCOVA showed
that there was no interaction effect of type of source and
protective message on critical evaluation (F2,299=0.41, P=.67),
thereby rejecting H3a.

Next, we tested whether a protective message had an influence
on the perception of accuracy in (news) messages on Facebook.
A multivariate analysis of covariance (MANCOVA) analysis
showed that there was no significant difference between groups
that had seen a protective message and groups that had not on
the perception of accuracy (Wilks Λ=0.998, F3,303=0.24, P=.87),
thereby rejecting H1b. Univariate tests showed that these groups
did not differ on the (news) message about vaccination
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(F1,305=0.08, P=.77, η2<.001), climate change (F1,305=0.72,

P=.40, η2=.002), and health insurance (F1,305=0.07, P=.79,

η2<.001). This means that a protective message has no effect
on the perception of accuracy.

Further, the MANCOVA analysis showed that there was a
significant difference between source information on the
perception of accuracy (Wilks Λ=0.929, F2,304=3.79, P<.001).
The outcomes of univariate tests show that the perception of
accuracy by source information in the (news) message differed

significantly for vaccination (F2,304=8.02, P<.001, η2=.050) and

health insurance (F2,304=4.01, P=.02, η2=.026). There was no
significant effect on the (news) message about climate

(F2,304=2.34, P=.10, η2=.015). These partly confirm H2b.

To see which conditions of source information differed
significantly from each other on perception of accuracy, a post
hoc analysis with Bonferroni correction was performed. The
results showed that there was a significant difference between
a reliable and an unreliable source. The post hoc analysis showed
that the group with a reliable source (mean 2.85, SE .08) scored
significantly higher in the (news) message about vaccination
(P<.001) on perception of accuracy than the group with an
unreliable source (mean 2.39, SE .09). There was a marginally
significant difference between no source (mean 2.58, SE .08)
and a reliable source (P=.06) and no significant difference
between no source and an unreliable source (P=.27). There was
also an effect on the (news) message about health insurance.
The group with a reliable source (mean 2.33, SE .08) scored
significantly higher (P=.04) on perception of accuracy than the
group with an unreliable source (mean 2.03, SE .08). There was
a marginally significant difference between no source (mean
2.06, SE .08) and a reliable source (P=.05) and no significant
difference between no source and an unreliable source (P>.99).
This means that source information has an effect on the
perception of accuracy in the (news) messages about vaccination
and health insurance.

Finally, the MANCOVA showed that there was no interaction
effect on type of source and protective message on perceived
accuracy of all 3 messages (P>.05), thereby rejecting H3b.

Discussion

Principal Findings
The main objective of this study was to gain insight into the
extent to which source information and a protective message
have an effect on the critical evaluation by Dutch Facebook
users. This study showed that source information has an effect
on the extent to which someone critically evaluates (news)
messages on Facebook. In accordance with the first hypothesis,
participants more critically evaluated a (news) message when
exposed to an unreliable source compared to a reliable source.
No significant differences were found between an unreliable or
reliable source and an unidentified source. In accordance with
Metzger et al [41], the findings of this study also imply that
participants use cognitive heuristics to assess information by
critically evaluating to a greater or lesser extent. Source

credibility as a heuristic seems to play a determining role in the
extent to which someone tends to critically evaluate a (news)
message on Facebook [42,43].

In addition, we expected that a protective message preceding
disinformation on Facebook would have a positive effect on
the critical evaluation of participants. The truth-default theory
[13] predicted that once suspicion was actively triggered, the
possibility of processing a message as deception might come
to mind. No evidence for such an effect was found, which is
why hypothesis 2 was rejected. In addition, no evidence was
found that a protective message moderated the effect of source
information on critical evaluation. This, therefore, rejected
hypothesis 3. Current solutions provided by the European
Commission and large social media platforms promising to
include protective messages to improve critical evaluation to
tackle the spread of disinformation may therefore be of only
limited effectiveness, since most people believed the message
was still valid and credible. This study showed that the inclusion
of protective measures of this type might, in fact, not affect
critical evaluation.

Despite positive results of a protective message found by others
[2,34], we did not find any effect of a protective message on
critically processing news information. A possible explanation
for this is that participants’ flow while reading the Facebook
news had not been interrupted and, therefore, they had not
processed the protective message with sufficient attention [44].
In addition, it is possible that people were not motivated or
involved enough to critically evaluate the news messages on
Facebook [45]. A suggestion for a follow-up study is that
participants are obligated to look at the protective message and
need to click on the protective message to continue, stopping
their current activity and attention for the task they are
conducting and activating cognitive resources to process the
protective message.

A protective message was expected to reinforce the effect of
source information on critical evaluation, which would result
in participants evaluating more critically when exposed to an
unreliable source. No evidence for this was found. It seems that
source information has a greater influence on the critical
evaluation of people than a protective message. Perhaps
participants were already familiar with the fact that news on
Facebook might be unreliable (see also the relatively low score
on trust in Facebook news), which made them less involved in
processing this message and instead made other cues that give
more specific (source) information about whether an actual
news message is reliable more important. This might imply that
acknowledgement of the source is a more promising intervention
when stimulating critical processing is the aim, although more
research is needed to verify this.

The second aim of this study was to investigate whether a
protective message had an effect on the perception of accuracy
in (news) messages on Facebook. Here, the results also show
that a protective message has no significant effect. What is
striking is that an additional analysis shows that source
information can have an undesirable effect on the perception
of accuracy of (news) messages that are fake. When
disinformation was shown with a reliable source, the news was
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considered more accurate than when the disinformation is shown
with an unreliable source. The source, thereby, functions as a
heuristic for accurate news, while in actuality disinformation
is distributed. This study showed that an unreliable source,
compared to a reliable source, can cause users to evaluate (news)
messages on Facebook more critically. An explanation for this
is that people process the reliable source more easily and then
trust it more quickly, especially in the social media context that
mostly involves quick and casual reading. This results in
participants believing a news message from a reliable source
more quickly [42,43].

Limitations
This research has several strengths. First, this research makes
an important contribution to the social debate about how to deal
with online disinformation, by providing scientific evidence on
a large and important target group. Second, the stimulus
material—a video—attempts to simulate a natural situation on
Facebook. The video showed a Facebook timeline with 3 short
news messages, comparable to actual news consumption among
a large part of the population, increasing the ecological validity
of this study. Nonetheless, this research also has a number of
limitations. A first limitation of this research is that participants
were not asked about the perception or reliability of the chosen
news sources. It is unknown whether the participants perceived
NOS.nl as a reliable news source, although previous reports
have shown this [40], and during the COVID-19 crisis, millions
of Dutch people used information from NOS as a source on
new developments. A second limitation is that Dailybuzzlive.nl
is not characterized by all participants as a news source.
Participants may have processed the manipulation but did not
interpret Dailybuzzlive.nl as a news source, although this also
occurs in real life, where people read items on websites but do
not directly consider them as news sources. Third, we only
tested the experiment in the Netherlands, so it is difficult to
generalize to other countries, particularly in countries where
media literacy or eHealth literacy is not high. Considering the
importance of the study, this study should be replicated in other
countries to see if the outcomes remain the same. Fourth,
although our sample size was sufficiently large to detect main
effects of news source and warning message (sensitive to detect

effect sizes larger than η2=.025 with .80 power), it may have
been limited in its capability to detect interaction effects;
interaction effect sizes are often smaller than main effect sizes
and therefore are harder to detect [46].

Conclusions
This study contributes to the social and scientific debate about
how to treat online disinformation. The research shows that a

simple intervention involving the acknowledgement of the
source of a (news) message can have a positive effect on the
critical evaluation by Facebook users. Furthermore, a protective
message does not seem to contribute to the battle against online
disinformation. A protective message had no effect on critical
evaluation by users and no effect on the perception of accuracy.
The results of this research serve as advice for Facebook to
show the source more prominently so that users can quickly
and easily see where a (news) message is coming from. Source
information also has an effect on the perception of accuracy.
Strikingly, participants regarded disinformation as more accurate
when it came from a reliable news source. This means that
reliable news sources, such as the NOS, have a responsibility
not to disseminate disinformation, since people are more likely
to believe this.

A recommendation for further research is to conduct follow-up
studies on source information on Facebook or other social media
platforms distributing news in other European countries [47].
Confidence in news is much lower in other European countries
than the Netherlands [48]. For example, 59% of people in the
Netherlands trust the news, whereas in Italy and France the
number is much lower (42% and 35%, respectively). In addition,
Facebook is used more as a news source the latter two countries.
In the Netherlands, 29% of people use Facebook as a news
source, while in Italy and France the numbers are higher (51%
and 41%, respectively) [48]. Another recommendation for
follow-up research is to conduct the same research with different
sources. In this study, we chose the most reliable source in the
Netherlands, the NOS [40], and an unreliable source,
Dailybuzzlive.nl [40], but it would be very interesting to also
test different sources to increase external validity.

At the end of 2016, there was much commotion and media
attention around the American presidential elections due to the
relatively new phenomenon of online disinformation. Recently,
it emerged that millions of Facebook users had seen
extreme-right disinformation on the platform in the run-up to
the European parliamentary elections [49]. And currently, the
European Commission needed to respond to several alternative
theories explaining the cause of the COVID-19 crisis because
an increasing number of people believe fiction instead of facts
[1]. As far as we know, this study was the first to show that
source information has an effect on critical evaluation by Dutch
Facebook users in the context of online disinformation. This
means that critical evaluation can be encouraged when source
information is provided, which might help to reduce the negative
effects of online disinformation [50,51].
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Abstract

Background: The cost-effectiveness of interventions has attracted increasing interest among researchers. Although web-based
and home-based psychoeducational interventions have been developed to improve first-time mothers’ postnatal health outcomes,
very limited studies have reported their cost-effectiveness.

Objective: The aim of this study was to evaluate the cost-effectiveness of web-based and home-based postnatal psychoeducational
interventions for first-time mothers during the early postpartum period.

Methods: A randomized controlled 3-group pretest and posttest design was adopted, and cost-effectiveness analysis from the
health care’s perspective was conducted. A total of 204 primiparas were recruited from a public tertiary hospital in Singapore
from October 2016 to August 2017 who were randomly allocated to the web-based intervention (n=68), home-based intervention
(n=68), or control (n=68) groups. Outcomes of maternal parental self-efficacy, social support, postnatal depression, anxiety, and
health care resource utilization were measured using valid and reliable instruments at baseline and at 1 month, 3 months, and 6
months after childbirth. The generalized linear regression models on effectiveness and cost were used to assess the incremental
cost-effectiveness ratios of the web-based and home-based intervention programs compared to routine care. Projections of
cumulative cost over 5 years incurred by the 3 programs at various coverage levels (ie, 10%, 50%, and 100%) were also estimated.
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Results: The web-based intervention program dominated the other 2 programs (home-based program and routine care) with
the least cost (adjusted costs of SGD 376.50, SGD 457.60, and SGD 417.90 for web-based, home-based, and control group,
respectively; SGD 1=USD 0.75) and the best improvements in self-efficacy, social support, and psychological well-being. When
considering the implementation of study programs over the next 5 years by multiplying the average cost per first-time mother by
the estimated average number of first-time mothers in Singapore during the 5-year projection period, the web-based program was
the least costly program at all 3 coverage levels. Based on the 100% coverage, the reduced total cost reached nearly SGD 7.1
million and SGD 11.3 million when compared to control and home-based programs at the end of the fifth year, respectively.

Conclusions: The web-based approach was promisingly cost-effective to deliver the postnatal psychoeducational intervention
to first-time mothers and could be adopted by hospitals as postnatal care support.

Trial Registration: ISRCTN registry ISRCTN45202278; https://www.isrctn.com/ISRCTN45202278

(J Med Internet Res 2022;24(3):e25821)   doi:10.2196/25821
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anxiety; cost-effectiveness; depression; first-time mother; home-based; postnatal; psychoeducational; self-efficacy; social support;
web-based

Introduction

The early postpartum period is a stressful transition period for
first-time mothers owing to physical and emotional challenges
related to childbirth and challenges in adapting to their new
social roles, for example, parenting newborns and establishing
mother-infant relationship [1,2]. Based on the maternal role
attainment theory, a mother’s emotional health during the
postpartum period is mainly influenced by the mother’s
biopsychosocial well-being, family, and her surrounding
environment [3]. Many first-time mothers feel inadequately
prepared for motherhood and are situated in environments with
insufficient support [4-6].

Psychoeducational interventions have been developed to
improve new mothers’ knowledge in self-care and newborn
care during the postnatal period and to build on their strengths
and resources to promote emotional coping and parenting skill
development [5,7]. In Asian countries, including Singapore, the
follow-up home visits undertaken by midwives are not
commonly practiced [8]. Home-based psychoeducation
intervention via home visits is not easily accessible owing to
the shortage of midwives and nurses, and its cost-effectiveness
was undetermined [5,6,8]. Conversely, a similar intervention
delivered online, for example, a web-based platform, could
address the issues of inaccessibility and high cost [9,10]. About
two-thirds of the world population (62%) had access to the
internet in 2020 compared to 5.9% in 2000 [11]. In Singapore,
a newly initiated Home Access Program allows lower-income
households to afford fiber broadband connectivity and a tablet
at a subsidized rate to increase the population’s internet
accessibility [12,13], thus allowing more people to access
web-based resources. Moreover, the accessibility to web-based
interventions may significantly reduce people’s reliance on
health care professionals, thus lowering the burden on health
care, that is, administrative cost, time, and resource savings
[11]. Therefore, if the web-based intervention is effective, it
has the potential to be highly cost-effective as it can be delivered
at scale across large populations, with relatively low additional
costs per additional user [14] unlike face-to-face education or
in-person visits where labor costs account for a substantial
proportion of the total cost [15].

Although the effectiveness of web-based and mobile app–based
interventions [16-18] have been reported, limited information
exists on their cost-effectiveness. Previous studies have revealed
that compared to routine care or face-to-face intervention,
web-based or internet-based intervention could be a
cost-effective way for alcohol prevention in adolescents [11],
increasing physical activity for healthy adult Latina women [9],
dietetic services for weight management [19], and
self-management for people with type 2 diabetes [20]. However,
there is no study reporting the cost-effectiveness of web-based
and home-based psychoeducational interventions for first-time
mothers. Such knowledge may help to keep costs to a minimum
and make the intervention affordable for all mothers regardless
of their socioeconomic status, while achieving positive maternal
outcomes.

We conducted a 3-group randomized controlled trial that aimed
to examine the effectiveness and cost-effectiveness of web-based
and home-based postnatal psychoeducational programs in
first-time mothers. The details of the interventions have been
reported in the study protocol [12], and the outcomes of their
effectiveness have been reported in a separate paper [16]. This
paper aims to evaluate the cost-effectiveness of web-based and
home-based postnatal psychoeducational interventions on
outcomes of self-efficacy in newborn care (primary outcome),
social support, postnatal depression, and anxiety (secondary
outcomes) in first-time mothers during the early postpartum
period.

Methods

Ethics Approval
This study was approved by the National Health Group Domain
Specific Review Board on 25 January 2016 (NHG DSRB Ref:
2015/01189).

Study Design, Setting, and Sample
A randomized controlled trial was carried out in a tertiary public
hospital in Singapore. First-time mothers recruited from the
postnatal wards were randomly allocated to one of the 3
intervention groups: web-based group (receiving web-based
psychoeducational intervention plus routine care), home-based
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group (receiving home-based psychoeducational intervention
plus routine care), or control group (receiving routine care).
Mothers were excluded if they had identified physical or mental
disorders before and during pregnancy, had complicated assisted
delivery with fourth-degree perineal tear, gave birth to a stillborn
child, or had a child with a congenital anomaly or medical
complications [8]. The sample size of 204 was calculated based
on the primary outcome of maternal parental self-efficacy, with
68 allocated in each group [12,16]. The recruitment period was
from October 2016 to February 2017, and the last 6 months
follow-up data were collected in August 2017. The study design
and procedure have been previously reported in papers detailing
the study protocol [12] and clinical effectiveness [16]. This
study conducted a cost-effectiveness analysis from the health
care provider’s perspectives alongside the randomized controlled
trial.

Interventions

Control Group
Participants allocated to the control group only received routine
care provided by the hospital. It involved postnatal support from
nurses and midwives in the hospital and a postdelivery follow-up
(around 1-6 weeks) outpatient appointment with the doctor. The
support focused on providing didactic information on basic
baby care tasks while mothers were hospitalized for childbirth
as well as the inspection of episiotomy or cesarean section
wound and breastfeeding advice during the follow-up hospital
visit.

Home-Based Intervention Group
Participants allocated to the home-based group received a 1-hour
face-to-face postnatal psychoeducational intervention via a
home visit by a registered nurse in addition to routine care. A
self-developed educational booklet [12,16] developed based on
the evidence of literature by Shorey et al (unpublished data,
2012) and Wong et al [21] was used to facilitate the face-to-face
intervention. The booklet was provided to the participants before
hospital discharge. Three weekly telephone calls were included
in the intervention to address mothers’ queries. The postnatal
psychoeducational intervention contents were developed based
on Bandura’s self-efficacy theory [22], social support model,
findings from preliminary studies [4,5], and previous literature
[23-26].

Web-Based Intervention Group
Briefly, participants in the web-based group received a postnatal
psychoeducational intervention via a newly developed website
(Figure 1) with 1-month online access after childbirth in addition
to routine care. The main contents on the website were identical
to those in the booklet, with section-to-section audio files
(Figure 2) provided for the mothers’ convenience. Videos
demonstrating breastfeeding techniques, breast engorgement
management, infant bathing, and Kegel exercises based on
current practices in local hospitals were also developed and
embedded on the website. A peer discussion forum and a
confidential corner for the participants to communicate with
other mothers or research team members were also available.
Three weekly telephone calls, each lasting about 3 minutes,
served as reminders for participants to access the website;
participants did not receive additional information.

Figure 1. Homepage of the website for mothers in the web-based intervention group.
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Figure 2. Sample page of voiceover of the contents on the website.

Health Outcomes and Instruments
The health outcomes used to measure the effectiveness of the
interventions included maternal parental self-efficacy, social
support, postnatal depression, and anxiety. The instruments
used included the 17-item Perceived Maternal Parental
Self-efficacy Scale (total score range 17-68, higher scores
meaning better self-efficacy) [27,28], the 22-item modified
Perinatal Infant Care Social Support Scale (total score range
22-88, higher scores indicating better social support) [28,29],
the 10-item Edinburgh Postnatal Depression Scale (total score
range 0-30, lower scores meaning less depressive symptoms)
[30], and the Anxiety subscale of the Hospital Anxiety and
Depression Scale (total score range 0-21, lower scores meaning
less anxious) [31]. The higher scores of self-efficacy and social
support and the lower scores of depression and anxiety indicated
better outcomes. Detailed descriptions of the instruments and
their validity and reliability can be found in papers previously
published for this project [12,16].

Costs and Health Care Resource Utilization
The costs referred to in this study were viewed from a health
care provider’s perspective, which included costs associated
with the study interventions and costs related to the health
service utilization to treat postnatal medical conditions in
mothers and babies. Broadly, costs associated with the study
interventions included those incurred during the development
and implementation of interventions, ongoing delivery, and
maintenance of the interventions. Costs related to the
development and implementation of the web-based intervention
include the purchasing of goods and services for hardware,
software, educational materials, webpage design, maintenance,
and work delivered by third-party service providers and were
recorded from actual invoices. Costs of delivering the
home-based intervention program were captured based on home
visit human resources, material costs, and transportation fees.

Costs associated with health service utilization due to postnatal
medical conditions were collected using the Questionnaire on
Healthcare Service Utilization during 3 periods: within 1 month
after childbirth, 1-3 months after childbirth, and 3-6 months
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after childbirth. All medical conditions that required health care
services were captured and classified into 2 categories:
infant-related conditions and maternal-related conditions.
Service provider information was also recorded, which included
government polyclinics, private clinics (including general
practitioner clinics), hospital specialist outpatient clinics,
hospital emergency departments, hospital inpatient admissions,
over-the-counter pharmacies, and others. For every health
service received by patients, data on full bills (ie, before any
subsidies or insurance payments) were collected to estimate the
health care provider’s full cost for each service. In Singapore,
the public health care delivery system is not-for-profit. The
entire bill size is the best estimate for the true cost incurred for
delivering care. The entire bill size for certain health care
services is not charged at a flat rate; it varies among patients
depending on the duration of care delivery at each visit and the
seniority of the personnel attending to the patient. For example,
the cost of an outpatient visit is higher if the consultation time
with a senior consultant is longer compared to a shorter
consultation time with a junior consultant, although the unit
cost for the medications and procedures is standardized.

Data Analysis

Costs Associated With Study Interventions
Costs related to development and implementation of the
web-based intervention were further converted to an annualized
average cost per mother by assuming that the website could be
used for 5 years [32]. We also considered a depreciation factor
at 3% for the calculation of the above costs. Costs related to
delivering home-based interventions were averaged for each
participating patient in the study group as well. Since all 3
groups received identical routine care, the costs associated with
standard care were not included in the cost-effectiveness
analysis.

Costs Associated With Postnatal Health Services
For postnatal health services related to mothers’ and infants’
medical conditions, the costs were summarized into 3 categories:
service providers, infant-related conditions, and maternal-related
conditions. For each health service, for example, the general
practitioner and private clinic, the average cost per visit was
estimated by dividing the total bills incurred from patients who
utilized this service during the study period by the total number
of such visits. All costs were calculated in SGD (2016-2017,
SGD 1=USD 0.75).

Base Case Analysis
The base case analysis included all participants with complete
follow-up information and original randomized allocation
(N=193). The generalized linear regression models on
effectiveness and cost at the sixth month were applied to assess
the cost-effectiveness of the 3 programs, adjusting for relevant
sociodemographic and clinical characteristics. Univariable
models were first fit to identify the potential confounding factors
associated with effectiveness and cost. For example, the
effectiveness model was adjusted for potential confounding
factors such as baseline values, age, number of days since
baseline, ethnicity, employment status, monthly household
income, prenatal courses attendance, and skin-to-skin contact

with baby. The cost model was adjusted for factors that might
influence the utilization of health and other services (ie,
employment status and income levels). These adjustments aimed
to obtain average effectiveness and cost accounting for the
influence from abovementioned risk factors instead of the crude
results that might not be representative. To account for mothers
with zero cost, that is, those who did not consume any health
care resources during the study period, a 2-part model approach
was adopted. The first-part probit model estimated the
probability of zero cost and the second-part generalized linear
regression model, with a log link in gamma family, handled
nonzero positive cost data. For the base case analysis of
cost-effectiveness, time horizon for the health outcomes and
costs associated with ongoing delivery and maintenance of the
interventions were consistent with the randomized controlled
trial, that is, 6 months, with no discounting applied. Incremental
cost-effectiveness ratios (ICERs) were estimated to measure
the economic value of the study interventions in comparison to
the control group. It was calculated by dividing the difference
in total costs (incremental cost) by the difference in health
outcomes or effects at 6-month postintervention (incremental
effect) to provide a ratio of extra cost per unit of incremental
health effect. When calculating the ICER, the depression and
anxiety scores were inverted, which means that the higher the
score, the better after inversion.

Sensitivity Analyses
Probabilistic sensitivity analyses were adopted to address the
parameter uncertainty, that is, cost and effectiveness. The
distribution of the resulting 10,000 estimates of the ICER on
the cost-effectiveness plane depicts a joint uncertainty
surrounding costs and outcomes. Estimates in the lower right
quadrant of a cost-effectiveness plane suggest that the program
is more effective and less costly, while estimates in the upper
right quadrant suggest that it is more effective but costlier. The
cost-effectiveness acceptability curve was used to display the
probability that 1 program is cost-effective at a given
willingness-to-pay threshold. Several scenario analyses were
conducted to re-estimate the ICER to explore the results’
sensitivity to particular assumptions or parameters: (1) to assume
web-based and home-based program would be used for only 3
years and (2) to vary the overall program cost from 0% to 300%.

Projection of Nationwide Implementation of
Interventions Over 5 Years
The economic impact of national implementation of study
interventions over the next 5 years was estimated by multiplying
the average cost per the first-time mother by the estimated
average number of first-time mothers in Singapore. The number
of first-order babies born from 2012 to 2016 in Singapore ranged
from 19,292 to 20,755, yielding an average of 20,000 first-order
babies each year [33]. In our projection, we assumed that all
20,000 first-time mothers would be eligible for the
psychoeducational program. To consider different acceptance
levels of interventions, 3 program coverage levels, that is, 10%,
50%, and 100% for the eligible first-time mothers were adopted
for economic impact analysis.
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Results

Characteristics of the Participants and the Baseline
Health Outcomes Among the 3 Groups
In total, 204 mothers were recruited, with 193 included in the
economic evaluation (64 for web-based, 63 for home-based,
and 66 for control group). The CONSORT diagram and details
of the mothers’ characteristics have previously been published
[16]. Briefly, the mean age of the mothers was around 30 years
for all 3 groups, and half of them were of Chinese ethnicity.
Over 80% of the first-time mothers obtained a bachelor’s degree
or above (165/204) and were employed (175/204, 85%) during
the study period. Nearly three-fourths of the mothers had
monthly household incomes of more than SGD 5000 and the
majority (178/204, 87%) were healthy and had no chronic
diseases. Overall, around 58% (119/204) of the first-time
mothers had normal deliveries. There were no statistically
significant differences in all sociodemographic, clinical, and
baseline data among mothers in the 3 groups. There were no
significant differences in the baseline outcomes of self-efficacy,
social support, postnatal depression, and anxiety among the 3
groups [16].

Costs
During the 6-month follow-up period, health services utilization
data seeking various services concerning infant-related and
maternal-related conditions showed similar occurrence rates
among the 3 groups (Table 1). The number and percentage of
zero–health service use mothers were as follows: web-based
(28/64 44%), home-based (20/63, 32%), and control (30/66,
46%). The average health care cost per participant was SGD
339.90 (SD 493) for the web-based group, SGD 375.40 (SD
699.9) for the home-based group, and SGD 411.20 (SD 601)
for the control group. Moreover, the web-based program
involved an upfront cost of SGD 17,210 to develop both the
web design and educational videos and an annual web
maintenance fee of SGD 2900 per year. Similarly, the
home-based program required a SGD 233.40 upfront one-time
training fee for the payment of an experienced Registered
Midwife to train the Registered Nurse who delivered the
face-to-face postnatal psychoeducation; home visits cost SGD
77.42 for 1-hour session, which is inclusive of the manpower
cost as well as the costs of printed materials and transportation.
When accounting for all relevant costs, including 6 months’
health care utilization cost, the web-based program cost an
average of SGD 390.80/participant, while home-based and
control programs cost SGD 437.80/participant and SGD
411.20/participant, respectively.
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Table 1. Service use during the follow-up period (N=193).

Control (routine care) (n=66)cHome-based intervention

(n=63)b
Web-based intervention

(n=64)a

Cost (SGD), mean (SD)nCost (SGD), mean (SD)nCost (SGD)d, mean (SD)n

Service providers

260 (400.52)41150 (171.72)44127 (99.28)43General practitioner and private clinic

208 (193.93)34264 (241.48)21205 (201.90)17Hospital outpatient

276 (600.57)16392 (990.39)24199 (197.84)25Hospital accident and emergency

968 (744.45)8200 (0)2771 (452.60)6Hospital inpatient

38 (25.63)400149 (148.49)2Polyclinic

20 (0)118 (2.83)20 (0)0Over-the-counter

155 (163.28)692 (67.15)13179 (185.07)19Others

Infant-related conditions

110 (108.66)13198 (174.98)6196 (125.84)12Spit up (milk)

519 (536.23)255 (0)1156 (61.81)5Excessive eye discharge

217 (270.02)1296 (78.46)576 (70.85)3Infantile eczema

180 (195.25)434 (0)174 (36.77)4Diaper rash

298 (492.38)43244 (613.23)54239 (287.20)48Others

255 (409.74)74248 (617.18)67215 (248.68)72Total

Maternal-related conditions

91 (30.61)5100 (83.47)8128 (192.12)13Insufficient milk supply

175 (144.01)7145 (98.33)7139 (114.95)9Breast engorgement

56 (61.77)2282 (351.09)1094 (70.06)3Mastitis

20 (0)10 (0)030 (0)1Prolonged lochia

351 (496.33)21179 (134.66)15219 (231.55)14Others

257 (403.54)36183 (204.62)40157 (186.14)40Total

aUpfront cost: SGD 17,210, follow-up cost: SGD 2900 per year, average total cost per participant (a depreciation factor 3% over 5 years was considered
for the average total cost per participant calculation): SGD 390.8, average health care cost: SGD 339.9 (SD 493).
bUpfront cost: SGD 233.4, follow-up cost: SGD 77.42 per visit, average total cost per participant (a depreciation factor 3% over 5 years was considered
for the average total cost per participant calculation): SGD 437.8, average health care cost: SGD 375.4 (SD 699.9).
cUpfront cost: SGD 0, follow-up cost: SGD 0, average total cost per participant (a depreciation factor 3% over 5 years was considered for the average
total cost per participant calculation): SGD 411.2, average health care cost: SGD 411.2 (SD 601).
dSGD 1=USD 0.75.

Cost-effectiveness Analyses Results
The effectiveness of the web-based and home-based
psychoeducational intervention programs has previously been
reported [16]. Point estimates of the ICER for the scores of
self-efficacy, social support, postnatal depression, and anxiety
are reported in Table 2. In Table 2, the adjusted effectiveness
of each outcome (self-efficacy, social support, depression, and
anxiety) was estimated by adjusting for baseline values, age,
number of days since the baseline, ethnicity, employment status,
monthly household income, prenatal courses attendance, and
skin-to-skin contact with the baby. The base-case analysis
showed that the web-based group incurred the least cost and
was the most effective among the 3 groups across all outcome
measures. It saved around SGD 81 per participant (18% of the
average adjusted cost) compared to the home-based program

(adjusted cost: web-based group SGD 376.50 vs home-based
group SGD 457.60) while showing better performance in all
the outcomes, and SGD 41 per participant compared to the
control group (adjusted cost: web-based group SGD 376.50 vs
control group SGD 417.90) with better performance in all the
outcomes. Hence, it was considered dominant across all the
outcomes. When comparing the home-based group to the control
group, the ICER ranged from SGD 8.60 per social support score
improvement to SGD 90.20 per anxiety score (Anxiety subscale
of the Hospital Anxiety and Depression Scale) reduction. When
the validity of the programs was set for 3 years, the web-based
program remained the dominant strategy to provide postnatal
care (Table 2). The same pattern was observed when the overall
program cost was varied at 0% and 50%. At 200% and 300%
of the original overall program costs, the control program
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became the most cost-effective strategy, followed by the
web-based and home-based programs.

A probabilistic sensitivity analysis was adopted to account for
uncertainty from the trial. Cost-effectiveness planes comparing
web-based versus home-based and home-based versus control
were also generated (Figures 3 and 4). As shown in Figure 3,
the ICER estimates for self-efficacy and social support were
more in the right-side quadrants when comparing web-based
versus home-based interventions, and the ICER estimates for
maternal depression and anxiety were more in the left-side
quadrants. Similar patterns were observed for the comparison
of home-based versus control groups (Figure 4). The
cost-effectiveness acceptability curves (Figure 5) showed the
probability of cost-effectiveness for the 3 groups at various
willingness-to-pay levels for the scores of self-efficacy, social

support, postnatal depression, and anxiety. The pattern of the
cost-effectiveness acceptability curves for the self-efficacy,
social support, postnatal depression, and anxiety scores were
similar, with the highest curve from the web-based program
and the lowest curve from the control program. As the
web-based program was the most effective and was associated
with the lowest average total cost among the 3 programs, it was
most likely to be cost-effective at all willingness-to-pay levels.
However, its probability of cost-effectiveness showed a flat
trend when the willingness-to-pay level reached around SGD
100 per self-efficacy or per social support (per score change on
the scale) and SGD 400 per maternal depression or per maternal
anxiety (per score change on the scale). The lowest curve for
all 4 outcomes was for the control group, which indicated that
the routine care was the least likely to be cost-effective than the
other 2 intervention programs.
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Table 2. Incremental cost-effectiveness ratios from the base case and different scenarios for various outcome measures (N=193).

Anxiety (HADS-A)eDepression (EPDS)dSocial support (PICSS-

modified)c
Self-efficacy (PMPSE)bAdjusted cost

(SGD)a
Scenario,
group

ICERhAEICERhAEICERAEICERgAEf

Base case

Dominant3.36Dominant4.44Dominant81.6Dominantk59.11376.50Wi,j

N/A4.81N/A6.17N/A75.3N/Am56.28417.90Cl

90.24.3755.15.458.679.940.157.27457.60Hn

Program valid for 3 years only

Dominant3.36Dominant4.44Dominant81.6Dominant59.11392.90Wi

N/A4.81N/A6.17N/A75.3N/A56.28417.90C

91.64.3756.05.458.879.940.757.27458.20H

0% of the overall program cost

Dominant3.36Dominant4.44Dominant81.6Dominant59.11325.55Wi

Dominated4.81Dominated6.17Dominated75.3Dominatedo56.28380.22H

Dominated4.37Dominated5.45Dominated79.9Dominated57.27417.90C

50% of the overall program cost

Dominant3.36Dominant4.44Dominant81.6Dominant59.11351.01Wi

Dominated4.81Dominated6.17Dominated75.3Dominated56.28417.90C

Dominated4.37Dominated5.45Dominated79.9Dominated57.27419.12H

200% of the overall program cost

N/A3.36N/A4.44N/A81.6N/A59.11417.90Ci

6.54.815.56.171.575.33.356.28427.38W

Dominated4.37Dominated5.45Dominated79.9Dominated57.27535.81H

300% of the overall program cost

N/A3.36N/A4.44N/A81.6N/A59.11417.90C

41.64.8134.96.179.675.321.356.28478.29W

Dominated4.37Dominated5.45Dominated79.9Dominated57.27613.61H

aSGD 1=USD 0.75.
bPMPSE: Perceived Maternal Parental Self-Efficacy.
cPICSS-modified: modified Perinatal Infant Care Social Support.
dEPDS: Edinburgh Postnatal Depression Scale.
eHADS-A: Anxiety subscale of the Hospital Anxiety and Depression Scale.
fAE: adjusted effectiveness.
gICER: incremental cost-effectiveness ratio.
hThe scores of depression/anxiety were inverted before calculating the incremental cost-effectiveness ratio so that the higher scores indicate the better
after inversion.
iThe group with the least cost in each scenario is italicized.
jW: web-based intervention group.
kDominant means the program is the best in both cost and efficacy among the 3 groups.
lC: control group.
mN/A: not applicable.
nH: home-based intervention group.
oDominated means the program is the worst in both cost and efficacy among the 3 groups.
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Figure 3. Cost-effectiveness planes of web-based versus home-based groups (home-based as the base for the incremental calculation) for all outcomes
(favored the positive side for all outcomes, the scores of depression and anxiety had been inverted when calculating the incremental cost-effectiveness
ratio) (N=193).

Figure 4. Cost-effectiveness planes of home-based versus control groups (control as the base for the incremental calculation) for all outcomes (favored
the positive side for all outcomes, the scores of depression and anxiety had been inverted when calculating the incremental cost-effectiveness ratio)
(N=193).
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Figure 5. Cost-effectiveness acceptability curves for all outcomes at various willingness-to-pay thresholds (per score improvement) among the 3 groups
(N=193).

Projection of Nationwide Implementation of
Interventions Over 5 Years
As shown in Table 3, during the 5-year projection period, the
web-based intervention was the least costly program at all 3
coverage levels (ie, SGD 3,430,711 at 10% coverage, SGD
17,026,711 at 50%, and SGD 34,021,711 at 100%), and based
on the 100% coverage, the reduced total cost reached nearly
SGD 7.1 million (41,120,000 minus 34,021,711) and SGD 11.3
million (45,282,233 minus 34,021,711) compared to the control
and home-based groups at the end of the fifth year, respectively.

Although there was a relatively high upfront cost for the
web-based program, it needed a very low maintenance fee for
each year after the first year and provided almost unlimited
concurrent access to the web-based contents for all target
populations. On the contrary, the home-based program required
intensive manpower to deliver face-to-face teaching for each
visit, which was sensitive to the program’s coverage and
comprised 17% of the total cost. Therefore, even with the lower
health care cost over 5 years, the home-based program was the
costliest in terms of the total cost incurred based on the base-case
analysis results.
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Table 3. Projections of cumulative cost over 5 years incurred by 3 programs at different coverage levels for first-time mothers (N=193).a

Fifth year (SGD)Fourth year (SGD)Third year (SGD)Second year (SGD)First year (SGD)Upfront (SGD)Group, cost, coverage

Web-based intervention group

Program cost

31,71128,81125,91123,01120,11017,21010%, 50%, 100%

Health care cost

3,399,0002,719,2002,039,4001,359,600679,800010%

16,995,00013,596,00010,197,0006,798,0003,399,000050%

33,990,00027,192,00020,394,00013,596,0006,798,0000100%

Total cost

3,430,7112,748,0112,065,3111,382,611699,91017,21010%

17,026,71113,624,81110,222,9116,821,0113,419,11017,21050%

34,021,71127,220,81120,419,91113,619,0116,818,11017,210100%

Home-based intervention group

Program cost

774,433619,593464,753309,913155,07323310%

3,871,2333,097,0332,322,8331,548,633774,43323350%

7,742,2336,193,8334,645,4333,097,0331,548,633233100%

Health care cost

3,754,0003,003,2002,252,4001,501,600750,800010%

18,770,00015,016,00011,262,0007,508,0003,754,000050%

37,540,00030,032,00022,524,00015,016,0007,508,0000100%

Total cost

4,528,4333,622,7932,717,1531,811,513905,87323310%

22,641,23318,113,03313,584,8339,056,6334,528,43323350%

45,282,23336,225,83327,169,43318,113,0339,056,633233100%

Control group

Program cost

00000010%, 50%, 100%

Health care cost

4,112,0003,289,6002,467,2001,644,800822,400010%

20,560,00016,448,00012,336,0008,224,0004,112,000050%

41,120,00032,896,00024,672,00016,448,0008,224,0000100%

Total cost

4,112,0003,289,6002,467,2001,644,800822,400010%

20,560,00016,448,00012,336,0008,224,0004,112,000050%

41,120,00032,896,00024,672,00016,448,0008,224,0000100%

aSGD 1=USD 0.75.

Discussion

Principal Results
To the best of our knowledge, this is the first study that
economically evaluated modes of delivering psychoeducation
to first-time mothers. Data on economic outcome measures were

less frequently reported [34]. Findings from this study indicated
that the web-based psychoeducation program was the most
cost-effective approach compared to the home-based and control
programs. In the base-case analysis, the web-based
psychoeducation program dominated the other 2 programs across
all outcomes. It saved around SGD 81 per participant (18% of
the average adjusted cost) compared to the home-based program
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and around SGD 41 per participant compared to the routine care
alone while showing better performance over them. Our findings
are consistent with the results from previous studies
demonstrating that web-based or internet-based intervention is
cost-effective for various populations when compared to routine
care or home-based intervention [10,11,19,20]. In addition, our
findings are in line with results from systematic reviews and
meta-analyses of the effectiveness and cost-effectiveness of
eHealth interventions in somatic diseases, in which most studies
indicated that eHealth was effective and cost-effective or at
least promising [34]. Another systematic review and
meta-analysis reporting the effectiveness and cost-effectiveness
of eHealth interventions for depression and anxiety in primary
care demonstrated that eHealth was only cost-effective for
depression, but there was no evidence for its effectiveness for
anxiety [35]. The findings are partly inconsistent with ours,
which demonstrated that the web-based program was more
cost-effective than the home-based and control programs for
self-efficacy, social support, depression, and anxiety. In our
sensitivity analysis, we also noticed that the probability of being
the best cost-effective was between 45% and 50% for all 4
reported outcomes (Figure 5). Hence, our findings provided
evidence that the web-based approach may be a cost-effective
way of delivering psychoeducational interventions but need
further confirmation with large scale data (eg, real-world study)
[36].

To evaluate the budget impact of adopting the programs, we
used the average cost data and the estimated number of first-time
mothers in Singapore to project the cumulative cost over 5 years
[11]. Assuming a 10% to 100% coverage of the web-based
psychoeducation program, we found that around SGD 1 million
to SGD 11.2 million would be saved compared to the
home-based program or around SGD 680,000 to SGD 7.1
million costs would be saved when compared to the control
program at the fifth year. The tremendous projected savings for
the web-based program make it promising and attractive to be
implemented nationwide. In short, over the 5-year projection,
the web-based program showed long-term cost-savings
compared to the home-based program and the routine care.
Although the upfront cost was high for the web-based program,
the low maintenance fee made it superior to the other 2 groups.

Strengths and Limitations
This study has several strengths, which include its rigorous
study design and the use of market data for personnel costs. The
cost-effectiveness analysis was conducted alongside the 3-group
repeated measures randomized controlled trial with a 6-month
follow-up period. To evaluate the robustness of the results, we
conducted both deterministic and probabilistic sensitivity
analyses to check the uncertainty of our model. When the overall
program cost was increased by 2-3 times (200% and 300% of
the overall program costs, respectively), the control group cost
the least among the 3 programs. However, the ICER of the
web-based program over control program was rather low, that
is, ranging from SGD 1.50 to SGD 6.50 per score improvement
among all outcomes for 200% of the overall program cost and
from SGD 9.60 to SGD 41.60 per score improvement among
all outcomes for 300% of the overall program cost. The
web-based program could be a preferred approach, given these

relatively low ICERs. The cost-effectiveness acceptability curves
were constructed to assess the sampling uncertainty from the
trial based on 10,000 times bootstrapped results. The
probabilities of the web-based program being cost-effective
increased when the willingness-to-pay threshold increased and
remained the highest among all 3 groups regardless of the
willingness-to-pay thresholds. Despite the strengths, there were
some limitations in this study. First, medical utilization data
were collected at an individual level for all participants during
the follow-up period and captured all possible costs incurred.
However, the sample size was estimated based on the clinical
effectiveness of the primary outcome of self-efficacy rather than
the cost-effectiveness; thus, this might have contributed to
uncertainty surrounding the results [37]. Meanwhile, there were
11 participants with missing cost data for the analysis, which
might have affected the estimation of the cost for each group.
To better address the uncertainty, we conducted a series of
deterministic and probabilistic sensitivity analyses and found
that the results were quite consistent and robust across the
various analyses. In addition, this study used a randomized
controlled trial with a 3-group study design, and the
effectiveness of the interventions was evaluated up to 6 months
after childbirth (about 5 months after the intervention), thus
contributing to the robust study design [12,16] and ensuring
that the findings from this study were representative and
meaningful. Second, this analysis estimated costs from a health
care perspective and not the estimated costs from a societal
perspective. Therefore, it is recommended that future studies
should conduct cost-effectiveness analysis of similar
intervention from a social perspective. Third, the measurements
of the health services utilization were based on self-reports at
each follow-up data collection, which might lead to an
underestimation of health resource use in comparison with daily
recording in diaries, as people may forget to recall the services
used [10]. However, in this study, the recall periods were kept
short. The recall period for the costs of health resource used
was only 3 months. Moreover, since we used a randomized
design in this study, this underestimation was likely to be equally
distributed among the 3 groups. Therefore, it is unlikely that
the ICERS were affected in this study. Lastly, the calculated
costs of the projection of nationwide implementation of
interventions over 5 years were based on all first-time mothers,
including those with complications. Since we excluded these
mothers with severe complications in this study, our estimated
costs might be conservative since the actual health care costs
for those with complications might be higher. However, this
would not affect the group comparison outcomes.

Clinical Implications and Recommendations for Future
Studies
Costs, clinical considerations, and participant preferences are
often used to determine the choice of a treatment or intervention
and its delivery [38]. The findings from this study suggest that
a web-based postnatal psychoeducational intervention for
first-time mothers was the most cost-effective approach for all
outcomes measured. Currently, such postnatal psychoeducational
interventions are not routinely provided in Singapore and need
to be seriously considered in postnatal care to support mothers,
especially first-time mothers. In addition, future studies using
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diaries to record the cost of using health resources and
estimating costs from both health care and societal perspectives
are recommended.

Conclusions
Our findings suggest that compared to home-based
psychoeducational intervention and routine care, the web-based
approach was promisingly cost-effective to deliver the postnatal
psychoeducational intervention to first-time mothers and could
be adopted by hospitals as part of postnatal care support.
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Abstract

Background: There is a need to find new methods that can enhance the individuals’ engagement in self-care and increase
compliance to a healthy lifestyle for the prevention of noncommunicable diseases and improved quality of life. Mobile health
(mHealth) apps could provide large-scale, cost-efficient digital solutions to implement lifestyle change, which as a corollary may
enhance quality of life.

Objective: Here we evaluate if the use of a smartphone-based self-management system, the Health Integrator app, with or
without telephone counseling by a health coach, had an effect on clinical variables (secondary outcomes) of importance for
noncommunicable diseases.

Methods: The study was a 3-armed parallel randomized controlled trial. Participants were randomized to a control group or to
1 of 2 intervention groups using the Health Integrator app with or without additional telephone counseling for 3 months. Clinical
variables were assessed before the start of the intervention (baseline) and after 3 months. Due to the nature of the intervention,
targeting lifestyle changes, participants were not blinded to their allocation. Robust linear regression with complete case analysis
was performed to study the intervention effect among the intervention groups, both in the entire sample and stratifying by type
of work (office worker vs bus driver) and sex.

Results: Complete data at baseline and follow-up were obtained from 205 and 191 participants, respectively. The mean age of
participants was 48.3 (SD 10) years; 61.5% (126/205) were men and 52.2% (107/205) were bus drivers. Improvements were
observed at follow-up among participants in the intervention arms. There was a small statistically significant effect on waist
circumference (β=–0.97, 95% CI –1.84 to –0.10) in the group receiving the app and additional coach support compared to the
control group, but no other statistically significant differences were seen. However, participants receiving only the app had
statistically significantly lower BMI (β=–0.35, 95% CI –0.61 to –0.09), body weight (β=–1.08, 95% CI –1.92 to –0.26), waist
circumference (β=–1.35, 95% CI –2.24 to –0.45), and body fat percentage (β=–0.83, 95% CI –1.65 to –0.02) at follow-up compared
to the controls. There was a statistically significant difference in systolic blood pressure between the two intervention groups at
follow-up (β=–3.74, 95% CI –7.32 to –0.16); no other statistically significant differences in outcome variables were seen.
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Conclusions: Participants randomized to use the Health Integrator smartphone app showed small but statistically significant
differences in body weight, BMI, waist circumference, and body fat percentage compared to controls after a 3-month intervention.
The effect of additional coaching together with use of the app is unclear.

Trial Registration: ClinicalTrials.gov NCT03579342; https://clinicaltrials.gov/ct2/show/NCT03579342

International Registered Report Identifier (IRRID): RR2-10.1186/s12889-019-6595-6

(J Med Internet Res 2022;24(3):e24725)   doi:10.2196/24725
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Introduction

On the World Health Organization (WHO) list of the top 10
causes of death for 2020, three of the four top causes, ischemic
heart disease, stroke, and chronic obstructive pulmonary disease,
are all noncommunicable diseases strongly linked to lifestyle
[1]. The etiology of such diseases includes lifestyle-related risk
factors such as physical inactivity, unhealthy diet, and tobacco
use. WHO estimates that almost 90% of premature deaths due
to noncommunicable diseases occur in low- and middle-income
countries.

Mobile health (mHealth), defined as “medical and public health
practice supported by mobile devices, such as mobile phones,
patient monitoring devices, personal digital assistants, and other
wireless devices” is one approach to take global action for the
prevention and control of noncommunicable diseases [2]. WHO
has acknowledged the potential benefit of mHealth for public
health and called for evidence of effectiveness [3].

The rapid evolution of information technology has made
smartphones an integral part of daily life. Worldwide, 48% of
people own a smartphone [4]; in Sweden, this number is 92%
[5]. Furthermore, ownership and use are independent of
socioeconomic status. This makes Sweden a suitable country
to evaluate intervention research using smartphone technology,
which later can be disseminated to other populations.

A number of studies have been conducted on the use of
smartphone technology to implement and support lifestyle
changes among persons with noncommunicable diseases such
as diabetes [6,7]. A systematic review of the literature found
that the most common topics for health promotion programs
using mobile apps were diet and physical activity, and across
the studies included, app users were more successful in terms
of health outcomes [8]. A meta-analysis including more than
6000 participants in app-based mobile interventions for
improving nutrition behaviors and nutrition-related health
outcomes did not find any evidence that additional intervention
components or number of behaviour change techniques included
in the intervention mattered [9]. Contrasting these results,
authors of another systematic review concluded that
multicomponent interventions that combined the smartphone
app with some other kind of intervention appeared more
effective than stand-alone app interventions where the app was
the only intervention component [10]. The use of additional
health coaches complementing an app has been evaluated in
lifestyle interventions targeting for example persons with
diabetes [11-13]. While health coaches can help to set realistic

goals and encourage when motivation fails, they are also less
scalable. Whereas some studies have shown favorable results
in the smartphone and coach-assisted groups compared to
control groups [11,13], others could not find a significant
difference between groups [12]. Clearly, a smartphone app
available at any time is more convenient compared to scheduled
face-to-face or group interventions, but it has not been
convincingly documented if multicomponent
smartphone-assisted lifestyle interventions, with or without
health coaches, are effective in changing lifestyle behaviors.

Based on evidence from previous research on
smartphone-assisted lifestyle interventions, we developed and
built a new digital platform and an adjacent smartphone app for
lifestyle change called the Health Integrator as part of a
European collaboration granted by the European Institute of
Innovation and Technology (EIT).

The Health Integrator core system consists of a home page, a
smartphone app, and underlying supporting technical services
and infrastructure. The platform was developed to be a
collaboration tool for individuals in need of lifestyle change
and their health coaches as a means to provide a personalized
health improvement program. The program offers a variety of
public, private, and community services for behavior change in
different domains such as smoking, alcohol, physical activity,
diet, stress, and sleep. These offers can be accessed through the
Health Integrator smartphone app for those in need of lifestyle
change who have a personal user account.

The aim of this study was to evaluate if use of the Health
Integrator, offering a multicomponent lifestyle intervention for
3 months, with or without additional counseling by a health
coach, had an effect on clinical variables (secondary outcomes)
of importance for noncommunicable diseases such as BMI,
waist circumference, and blood pressure in working adults and,
more specifically, in office workers and bus drivers.

Methods

Study Design
The design of the Health Integrator study has been described
in detail elsewhere [14]. In brief, the study was a 3-armed
parallel randomized controlled trial with allocation 1:1:1, to
one of two intervention arms or a control group. The active
intervention was 3 months. Assessment of lifestyle behavioral
factors and clinical variables was done before the start of the
intervention (baseline) and after completed intervention at
3-month follow-up. Power was calculated based on the main
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outcome, change in general health perception [14], and the
intervention was a priori planned to include at least 63
participants in each study arm. The intervention was described
according to the CONSORT-EHEALTH checklist [15].

Participants
Both men and women were eligible for participation and
inclusion criteria were being aged 18 years or older,
understanding Swedish well enough to understand the study
aims, providing informed consent for participation, and having
access and ability to use a smartphone.

Study participants were recruited from 4 companies: 2
companies with white-collar employees (ie, office workers) and
2 companies with blue-collar employees, (ie, bus drivers). After
discussions with the offices of the human relations at the
different companies, recruitment to the study was conducted in
2 different ways according to the wishes of the companies.
White-collar employees got an email from the office of human
relations with information about the study. Those who were
interested in participating responded by email, and research
personnel then received their email addresses. Bus drivers, on
the other hand, whose email addresses were unknown to the
employer, were informed by study personnel at the bus garages
and asked in person to provide their private email. Thereafter,
study personnel emailed detailed information about the study
and a link to access the web-based baseline questionnaire to all
employees interested in the study.

Data Collection
After having completed the baseline questionnaire, all
respondents were provided with a link to the Health Integrator
system. They were asked to answer additional questions creating
a health profile in the system and could thereafter schedule a
time for the baseline meeting with the health coach. At this
point, participants had not been randomized and the results from
the health profile questions were not yet visible to the participant
in the Health Integrator system.

All study participants meet with study personnel at baseline and
again after 3-month follow-up. All participants received an
accelerometer to assess physical activity during 7 consecutive
days during the baseline visit, and body composition and blood
pressure were measured on both visits. At baseline, results from
the health profile were also unlocked for participants in the 2
intervention groups but not for participants in the control group.
All participants also received a referral for analysis of glycated
hemoglobin A1c (HbA1c) and serum lipids. At the 3-month
follow-up, only participants with an HbA1c or serum lipids
outside clinical reference values were given a second referral.
Before the 3-month follow-up meeting, participants responded
to the web-based questionnaire and the additional health profile
questions again. Participants also responded to a final web-based
questionnaire after 6 months.

Randomization
Participants were randomized to 1 of 3 groups: intervention
group A receiving the Health Integrator smartphone app and
additional coach support, intervention group B receiving the
Health Integrator smartphone app without additional coach

support, and control group C did not receive the Health
Integrator smartphone app or any coach support. Participants
in the control group received access to the app after the active
intervention had been completed at 3-month follow-up.
Randomization was done in blocks of 6 by company and sex
using a random allocation list generated by the first author using
Stata (version 15.1, StataCorp LLC). Each new participant
included in the study was continuously assigned to the next
available randomly allocated group on the computer-generated
list by the first author. Participants were randomized before the
baseline meeting and informed about their allocation when
meeting with study personnel at baseline measurements. Study
personnel were not blinded to the allocation during the meeting
but did not reveal the allocation to the participant until after
performing baseline assessments. Due to the nature of the
intervention, participants were not blinded to their allocation.

Intervention
During the baseline meeting, participants that had been
randomized to any of the 2 intervention groups (with and
without additional coach support) downloaded the Health
Integrator smartphone app. The app was compatible with both
Android (version 4.1 and higher) and iOS (version 8 and higher).
User satisfaction with the app was assessed at the end of the
trial [16].

Results from the health profile were discussed with the health
coach at the baseline meeting. The participant and the health
coach decided on which lifestyle behavior to target based on
the health profile. Thereby, each participant received a
personalized intervention, customized based on their needs and
goals. The intervention could target any of the following 6 areas:
diet, physical activity, sleeping habits, stress, alcohol, or tobacco
use.

Within the Health Integrator system, a number of different offers
related to the different intervention areas were available. For
example, a participant aiming to increase physical activity levels
could choose between offers including, for example, other
smartphone apps developed to promote physical activity
specifically (eg, Runkeeper), to get a wrist support band to
facilitate rehabilitation, receive a training pass at a local gym,
or set the goal to take part in a race and have the fee paid for.
There were in total 37 offers. The offers were free of charge for
the participant.

Related to the target area, the health coach together with the
participant identified and agreed on a suitable weekly goal,
which was entered into the Health Integrator. This could, for
example, be number of sessions of physical activity per week.
To keep on track during the 3 months of active intervention,
participants recorded if the weekly goal was met using an
emoticon scale (ie, smiley faces) or by marking the number of
days that the goal was met during the week. A reminder to
record progression was sent out every Sunday at 9:20 PM. Those
participants randomized to receive the Health Integrator
smartphone app and additional health coach support had a
scheduled telephone appointment every 4 weeks with the health
coach. During these 30-minute sessions, participants were given
personalized guidance and encouragement to support the
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lifestyle change in question. During these sessions, it was also
possible to update or change the weekly goal.

Control Group
During the active intervention for the intervention groups, the
control group participants were not given any lifestyle
recommendations nor were they aware of which offers were
included in the app. Results from the baseline health profile
were shown and discussed with the health coach at the 3-month
follow-up (ie, after the active intervention). At that time,
participants in the control group were offered to download the
Health Integrator app and were given access to the same offers
as the intervention groups.

Outcome Measures
Self-reported data on civil status (having a partner vs not having
a partner), smoking (yes/no), snuff use (yes/no), physical activity
(<150 min/wk vs 150-300 min/wk vs ≥300 min/wk), and
treatment for diabetes (yes/no), hypertension (yes/no), high
serum lipids (yes/no), and diabetes risk using the Finnish
Diabetes Risk Score (FINDRISC) were retrieved from the
extensive web-based baseline questionnaire [17]. See
Multimedia Appendix 1 for a complete list of study assessments
in the trial.

Weight (kg), waist circumference (cm), body fat (percentage),
and blood pressure (mm Hg) were measured by study personnel
at baseline and follow-up after 3 months. Height (cm) was

self-reported at baseline. BMI (kg/m2) was calculated based on
measured weight and reported height. Body weight, waist
circumference, and body fat percentage were analyzed separately
for women and men.

At baseline, all participants received a referral for analysis of
HbA1c (mmol/mol), total cholesterol (mmol/L), apolipoprotein
A1 (g/L), and apolipoprotein B (g/L).

Ethical Considerations
The study was approved by the regional ethical review board
in Stockholm, Sweden (2018/411-31 and 2018/1038-32). The
trial was registered at ClinicalTrials.gov [NCT03579342].
Eligible participants were required to give their informed
consent prior to responding to the baseline questionnaire. After
reading an introductory screen displaying information about
the study, participants were required to consent to participate
in order to continue to the questionnaire. At the baseline
meeting, participants also gave their written informed consent.

Statistical Analysis
Baseline demographics and clinical characteristics were
summarized using descriptive statistics. Continuous variables
are shown as mean and standard deviation and categorical
variables as frequency and percentage. Results are shown for

all study participants and by study group (intervention group
A, B, and control group C).

We performed robust linear regression (robreg in Stata), 1-way
robust analysis of covariance [18], to analyze how the outcome
variables at follow-up differed among treatment groups
(intervention with or without counseling and control). We
adjusted for baseline measurements of BMI, weight, waist
circumference, body fat percentage, and systolic and diastolic
blood pressure, and since randomization was done by company
and sex, we also adjusted for those variables.

The modern robust approach finds parameter estimates that are
less sensitive to outliers and influential data, while at the same
time retaining statistical efficiency by minimizing a different
target function, which give less weight to individuals with large
residuals. The regression coefficients (β) with 95% confidence
intervals were estimated based on an iteratively reweighted
ordinary least squares algorithm.

We also conducted prespecified subgroup analyses by company
where the effect of the intervention between intervention groups
and control group (intervention group A vs control group C,
intervention group B vs control group C, and intervention group
A vs intervention group B) was analyzed.

Missing data was minimal with 99% of participants having
complete data on body weight and BMI and 93% having
complete data on blood pressure, waist circumference, and body
fat percentage. Therefore, all statistical analyses were based on
complete cases [19]. The statistical significance was set at
P<.05. All analyses were completed using Stata.

Results

In total, 209 participants were recruited to the study. Among
these, 4 did not complete baseline measurements and were
excluded from all analysis. At the 3-month follow-up, 191
participants had complete data. At baseline, one participant was
missing data on weight (1/205, 0.5%), and waist circumference,
body fat percentage, and blood pressure were missing from 14
participants (14/205, 6.8%).

Baseline characteristics of all participants divided into the
different intervention groups are shown in Table 1. There were
61.5% (126/205) men in the study, 47.8% (98/205) of the
participants were office workers, and 52.2% (107/205) were
bus drivers. The mean age was 48.3 years. Mean BMI of 27.1

kg/m2 indicated overweight, which was in line with a mean
waist circumference of 83.1 cm among women and 97.7 cm
among men. A waist circumference above 80 cm for women
and 94 cm for men is associated with an increased disease risk
according to WHO [20]. The mean FINDRISC of 8.6 indicated
a somewhat increased risk of developing diabetes type 2 (1/25
individuals compared to 1/100 within 10 years) [21].

J Med Internet Res 2022 | vol. 24 | iss. 3 |e24725 | p.411https://www.jmir.org/2022/3/e24725
(page number not for citation purposes)

Bonn et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Characteristics of study participants in the Health Integrator study.

Intervention group C
(n=67)

Intervention group B
(n=68)

Intervention group A
(n=70)

All (n=205)

48.3 (8.8)47.9 (10.5)48.7 (10.7)48.3 (10.0)Age (years), mean (SD)

Sex, n (%)

25 (37.3)27 (39.7)27 (38.6)79 (38.5)Women

42 (62.7)41 (60.3)43 (61.4)126 (61.5)Men

27.2 (4.6)26.7 (4.7)27.6 (4.6)27.1 (4.6)BMI (kg/m2), mean (SD)

Body weight (kg), mean (SD)

72.6 (10.5)69.8 (14.0)75.9 (16.6)72.8 (14.0)Women

90.0 (17.9)88.4 (16.6)87.5 (12.9)88.6 (15.8)Men

Waist circumference (cm), mean (SD)

85.7 (14.1)81.2 (12.2)82.3 (10.2)83.1 (12.3)Women

98.9 (13.4)97.1 (13.7)97.0 (11.8)97.7 (12.9)Men

Body fat (%), mean (SD)

35.4 (8.0)34.5 (7.0)37.0 (8.5)35.6 (7.8)Women

26.4 (6.6)26.4 (7.8)25.6 (7.0)26.2 (7.1)Men

Blood pressure (mm Hg), mean (SD)

130 (14)129 (21)129 (14)129 (17)Systolic

82 (8)82 (12)81 (8)82 (10)Diastolic

Type of work, n (%)

33 (49.3)34 (50.0)31 (44.3)98 (47.8)Office worker

34 (50.7)34 (50.0)39 (55.7)107 (52.2)Bus driver

Civil status, n (%)

48 (71.6)59 (86.8)56 (80.0)163 (79.5)Partner

17 (25.4)9 (13.2)10 (14.3)36 (17.6)No partner

Smoking, n (%)

10 (14.9)4 (5.9)4 (5.7)18 (8.8)Yes

57 (85.1)64 (94.1)66 (94,3)187 (91.2)No

Snuff use, n (%)

9 (13.4)3 (4.4)9 (12.9)21 (10.2)Yes

58 (86.6)65 (95.6)61 (87.1)184 (89.8)No

Weekly physical activity (min), n (%)

19 (28.4)25 (36.8)20 (28.6)64 (31.2)≥300

16 (23.9)19 (27.9)19 (27.1)54 (26.3)150-300

31 (46.37)24 (35.3)29 (41.4)84 (41.0)<150

History of treatment, n (%)

3 (4.5)2 (2.9)3 (4.3)8 (3.9)Diabetes (yes)

3 (4.5)13 (19.1)10 (14.3)26 (12.7)High blood pressure (yes)

2 (3.0)2 (2.9)5 (7.1)9 (4.4)High serum lipid levels (yes)

8.3 (5.0)8.2 (5.2)9.1 (5.7)8.6 (5.3)FINDRISCa, mean (SD)

36.7 (5.3)36.8 (5.4)37.1 (7.4)36.9 (6.1)HbA1c
b (mmol/mol), mean (SD)

5.5 (2.6)5.5 (2.6)5.5 (2.8)5.5 (2.7)HbA1c (%), mean (SD)
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Intervention group C
(n=67)

Intervention group B
(n=68)

Intervention group A
(n=70)

All (n=205)

4.9 (0.9)4.9 (1.0)4.8 (1.0)4.85 (1.0)Total cholesterol (mmol/L), mean (SD)

1.44 (0.3)1.42 (0.3)1.44 (0.3)1.43 (0.3)Apolipoprotein A1 (g/L), mean (SD)

0.96 (0.2)0.97 (0.3)0.95 (0.3)0.96 (0.3)Apolipoprotein B (g/L), mean (SD)

aFINDRISC: Finnish Diabetes Risk Score.
bHbA1c: hemoglobin A1c.

Results of intervention effects are shown in Table 2. There was
a statistically significant intervention effect with intervention
group A having a mean waist circumference of approximately
1 cm less compared to the control group at follow-up (β=–0.97,
95% CI –1.84 to –0.10). No other statistically significant
differences were seen, although point estimates all favor the
intervention group. Comparing intervention group B to the
control group, a lower BMI, body weight, waist circumference
and body fat percentage were seen at follow-up (BMI: β=–0.35,

95% CI –0.61 to –0.09; body weight: β=–1.08, 95% CI –1.92
to –0.26; waist circumference: β=–1.35, 95% CI –2.24 to –0.45);
body fat percentage β=–0.83, 95% CI –1.65 to –0.02). We found
no statistically significant difference between group B and the
control group with regards to blood pressure. When comparing
intervention group A to intervention group B, there was a
statistically significant difference in systolic blood pressure
(β=–3.74, 95% CI –7.32 to –0.16). No other statistically
significant differences were seen when comparing the groups.

Table 2. Comparison of intervention effect between intervention groups and control group among all study participants, complete case analysis using

robust regression, the Health Integrator studya.

Intervention group A vs intervention
group B, β (95% CI)

Intervention group B vs control group
C, β (95% CI)

Intervention group A vs control group C, β
(95% CI)

0.13 (–0.13 to 0.38)–0.35 (–0.61 to –0.09)–0.22 (–0.47 to 0.03)BMI (kg/m2)

0.40 (–0.40 to 1.19)–1.08 (–1.92 to –0.26)–0.69 (–1.45 to 0.07)Weight (kg)

0.37 (–0.54 to 1.28)–1.35 (–2.24 to –0.45)–0.97 (–1.84 to –0.10)Waist circumference
(cm)

0.12 (–0.65 to 0.88)–0.83 (–1.65 to –0.02)–0.71 (–1.44 to 0.02)Body fat (%)

–3.74 (–7.32 to –0.16)2.50 (–1.56 to 6.56)–1.24 (–5.01 to 2.53)SBPb (mm Hg)

–1.88 (–4.17 to 0.40)1.63 (–0.86 to 4.12)–0.25 (–2.85 to 2.35)DBPc (mm Hg)

aAdjusted for sex, company, and baseline levels of BMI, weight, waist circumference, body fat percentage, and systolic and diastolic blood pressure.
bSBP: systolic blood pressure.
cDBP: diastolic blood pressure.

Stratified analyses, comparing intervention effects among office
workers and bus drivers, are shown in Multimedia Appendix
2. Among office workers, female office workers in intervention
group B had a statistically significantly lower body weight and
waist circumference compared to women in the control group
(body weight: β=–1.66, 95% CI –3.18 to –0.15; waist
circumference: β=–1.82, 95% CI –3.11 to –0.52), and male
office workers had a lower waist circumference (β=–2.35, 95%
CI –3.93 to –0.77). No other differences were seen among office
workers when comparing intervention group A or intervention
group B with the control group, or when comparing intervention
groups A against intervention group B, except that male office
workers in intervention group A had a statistically significantly
higher waist circumference (β=2.74, 95% CI 0.87 to 4.60) and
lower body fat percentage (β=–2.92, 95% CI –0.89 to –0.95)
compared to intervention group B after the intervention.

Among bus drivers, BMI at follow-up was lower in both
intervention group A (β=–0.38, 95% CI –0.67 to –0.10) and
intervention group B (β=–0.45, 95% CI –0.77 to –0.12)
compared to the control group. Among male bus drivers in both
intervention group A and intervention group B, body weight

and waist circumference were statistically significantly lower
at follow-up compared to the control group (Group A vs C:
body weight: β=–1.13, 95% CI –2.14 to –0.12, waist
circumference: β–1.73, 95% CI –3.37 to –0.08, and group B vs
C: body weight: β=–1.38, 95% CI –2.54 to –0.22; waist
circumference: β=–1.65, 95% CI –3.05 to –0.26). No other
statistically significant differences were seen among bus drivers
when comparing intervention group A or intervention group B
with the control group, or when comparing intervention group
A to intervention group B.

Discussion

Principal Findings
Our results show that using an mHealth solution such as the
Health Integrator smartphone app, focusing on an array of
lifestyle habits, may have beneficial effects on health markers
of clinical importance, such as weight, waist circumference,
and body fat percentage, although the effect sizes were small
in this 3-month trial. For overweight persons or persons with
obesity, the mean initial 3-month weight loss for the entire
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sample is too small to be clinically meaningful, but from a public
health perspective, small benefits are also appreciable [22].

In our study, those randomized to the group that only met the
health coach at baseline and at the end of the study were found
to have statistically significant improvements in more clinical
variables than those randomized to be in contact with the health
coach every 4 weeks. If one group’s intervention is nested within
the other (B is within A), then the effect should be expected to
be present in group A if it is present in group B, but this was
only seen for waist circumference. The reasons for the
inconsistent finding raises concerns, and with multiple secondary
outcomes, there is a risk of statistical significance by chance.

Comparison With Previous Findings
The exponential growth of mobile communication has been
coupled with an increase in trials using mHealth. Many previous
studies have been feasibility studies with relatively few
participants [13,23,24]. However, some mHealth studies are
comparable in size and scope to ours. The multicomponent
mHealth intervention by Spring et al [25] targeting diet and
physical activity in 212 North Americans with low fruit and
vegetable and high saturated fat intake, low moderate to
vigorous activity, and high screen time is similar to our
intervention. They reported statistically significant
improvements in the intervention groups compared to the
controls in terms of both diet and physical activity. They too
included regular calls from a trained paraprofessional in addition
to using an app. Controls, however, received an app targeting
sleep and stress instead of diet and physical activity, while
controls in our study received standard care. Intriguingly, having
access to a health coach calling twice during our intervention
did not lead to better effect of the intervention in terms of
clinical outcomes. A similarly designed 3-armed Norwegian
mHealth intervention with and without telephone counseling
targeting self-management and lifestyle change for persons with
type 2 diabetes did not find a better intervention effect among
those receiving telephone counseling [12]. Potentially, studies
about the mechanisms of change (ie, the processes that operate
in behavior change interventions) could be useful to improve
delivery of future behavior change interventions.

While weight loss is reasonable to expect in interventions
targeting diet, physical activity, or even alcohol habits, previous
studies have shown that stress and poor sleep can be important
barriers for losing weight [26]. Acute stress tends to increase
the preference for sweet food and eating in the absence of
hunger, leading to an increased energy intake [27]. This poses
the intriguing possibility that the commonly poor outcome of
many weight loss programs could benefit from interventions
targeting other lifestyle habits that the participants themselves
identify as important, other than diet.

Limitations and Strengths
A limitation to our trial might be the fact that participants were
not blinded to their group allocation during the trial. Blinding
in randomized trials prevents bias due to, for example, the use
of co-interventions or biased ascertainments of outcomes. It is
difficult to blind participants in lifestyle interventions. While
Spring et al [25] gave the controls an app focusing on sleep and

stress instead of the active intervention targeting physical
activity and diet, this was not an available option in our study,
since we also targeted sleep and stress. Potentially, the controls
could have been given a sham lifestyle regimen deemed to be
ineffective. For ethical reasons, giving everyone an equal
opportunity to improve their lifestyle, we chose to use wait-list
controls (ie, after 3 months); when the active intervention was
finished, the controls met the health coaches, discussed their
health profile, and received access to all offers at the Health
Integrator. Although the control group participants were not
aware of which offers where included in the app during the first
3 months of the trial, this did not preclude that some controls
could have found other ways to improve their lifestyle already
during the trial, which would have led to smaller effect sizes.

Blinding of personnel may prevent biased ascertainments of
outcome, if the investigator is tempted to look more carefully
for certain outcomes in one or the other group. Our laboratory
personnel analyzing the blood samples taken were blinded, but
other study personnel were not. Nonetheless, clinical variables
such as weight, waist circumference, and blood pressure are
objective measurers and should be less prone to be biased by
unblinded staff.

Social desirability, a natural reaction to defend one’s social
image when using self-reported measures, leading to a tendency
to overestimate desirable behaviors and underestimate
undesirable behaviors [28] may have led to overestimation of,
for example, baseline characteristics such as physical activity.
Among our participants, 57.5% self-reported meeting the general
recommendation of at least 150 minutes of moderate-to-vigorous
physical activity per week at baseline. When a population
sample of more than a thousand Swedish adults aged 50 to 64
years had their physical activity objectively measured with a
hip-worn accelerometer for a week, even more (72.5%) reached
the recommendation [29]. It should be kept in mind, however,
that wearing an accelerometer may itself affect behavior, the
so-called Hawthorne effect. Since all participants in the study
also wore an accelerometer at baseline and follow-up, this could
have affected behavior among the participants and among the
controls. This may be a limitation when evaluating the effect
of the intervention, since this potentially led to less difference
between groups. It should be noted, however, that the
accelerometers did not display any recordings of activity, and
none of the participants were informed about their accelerometer
data.

A common limitation in intervention studies is dropout and
attrition of study participants. In a previous Swedish study
evaluating an internet-based weight loss program, only 19.4%
(4440/22,860) logged in at least twice during the first 3 months
and at least twice during the last 2 months [30]. Nevertheless,
compliance in our study was high both in the intervention groups
and in the control group. Over 90% of participants had complete
data at 3-month follow-up.

While most interventions solely focus on one health behavior
such as physical activity [31] or stress [32] or target a specific
patient group, such as persons with diabetes [33], pregnant
women [34], or patients postsurgery [35], our study had a
person-centered approach. The Health Integrator aimed to find
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the specific lifestyle behavior that the person in question could
improve and was interested in improving. This may also have
been key to the high compliance in our study. Nevertheless, the
fact that participants worked on different types of interventions
may have led to power issues in analyses of secondary outcomes.
Future researchers may want to include more participants and
have longer follow-up.

Another strength of our study is the objective measurement of
clinical outcomes, such as waist circumference, body fat
percentage, blood pressure, HbA1c, and serum lipids. However,
the lack of data on HbA1c and serum lipids (ie, total cholesterol,
apolipoprotein A1 and apolipoprotein B) at follow-up is a
limitation. There were few participants with baseline values
outside clinical references and, following clinical practice, only
those with pathological values outside the reference were
referred for a second blood sampling at the follow-up
assessment. Therefore, it was not possible to evaluate effects
of the intervention in these markers. Besides, it is unlikely that
we would have detected a difference from baseline to follow-up
given that the majority of the participants had values within the
reference at baseline. However, according to a systematic review
including 23 mHealth interventions targeting lifestyle in persons
with diabetes, the effect on HbA1c was statistically significant
[7].

Generalizability
Our randomized study included both men and women as well
as employees from different types of professions (ie, bus drivers
and office workers), potentially representing different
socioeconomic groups in society. However, since employment
was a prerequisite for participation in our study, this may have
created a selection of healthier people than the general
population. This selection, which in cohort studies is known as
the healthy worker effect, is not an issue in terms of internal
validity. However, in terms of external validity, this might
translate to an underestimation of the potential efficacy of the

intervention. Targeting high-risk unhealthy populations is a
well-known way to achieve efficiency and return on investment
of an intervention, since there is a greater available risk to be
reduced [22].

The recruitment process was slightly different for office workers,
who initially got an email from the office of human relations
with information about the study, while the study personnel on
site in the bus garages orally informed the bus drivers. This
could have led to differences in which individuals decided to
take part in the study. For example, we know that some bus
drivers signed up to get more information about the study
together with a colleague. Those participants may have been
more compelled to pursue lifestyle changes when they felt
supported and connected with colleagues doing the same than
if they had signed up alone, which may be more likely when a
person receives an email. Peer support during lifestyle
intervention has been shown to promote health behavior change
[36,37].

The Health Integrator smartphone app was available for both
iOS and Android devices. Hence, most smartphone users were
able to participate in the study. Nevertheless, the fact that you
needed to have access and the ability to handle a smartphone
may be a limitation. However, smartphone use in Sweden is
widespread, with 92% of the population over age 16 years
owning their own smartphone [38]. Thus, the inclusion criteria
of having a smartphone is likely not a major limitation in our
study setting.

Conclusion
To conclude, among study participants using only our app that
targets the individual’s specific need of lifestyle change, we
found small statistically significant differences in body weight,
BMI, body fat percentage, and waist circumference after a
3-month intervention when compared to the control group. The
effect of additional coaching together with use of the app was
unclear.
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Abstract

Background: The use of mobile health technologies has been necessary to deliver patient education to patients with diabetes
during the COVID-19 pandemic.

Objective: This open-label randomized controlled trial evaluated the effects of a diabetes educational platform—Taipei Medical
University–LINE Oriented Video Education—delivered through a social media app.

Methods: Patients with type 2 diabetes were recruited from a clinic through physician referral. The social media–based program
included 51 videos: 10 about understanding diabetes, 10 about daily care, 6 about nutrition care, 21 about diabetes drugs, and 4
containing quizzes. The intervention group received two or three videos every week and care messages every 2 weeks through
the social media platform for 3 months, in addition to usual care. The control group only received usual care. Outcomes were
measured at clinical visits through self-reported face-to-face questionnaires at baseline and at 3 months after the intervention,
including the Simplified Diabetes Knowledge Scale (true/false version), the Diabetes Care Profile–Attitudes Toward Diabetes
Scales, the Summary of Diabetes Self-Care Activities, and glycated hemoglobin (HbA1c) levels. Health literacy was measured
at baseline using the Newest Vital Sign tool. Differences in HbA1c levels and questionnaire scores before and after the intervention
were compared between groups. The associations of knowledge, attitudes, and self-care activities with health literacy were
assessed.

Results: Patients with type 2 diabetes completed the 3-month study, with 91 out of 181 (50.3%) patients in the intervention
group and 90 (49.7%) in the control group. The change in HbA1c did not significantly differ between groups (intervention group:
mean 6.9%, SD 0.8% to mean 7.0%, SD 0.9%, P=.34; control group: mean 6.7%, SD 0.6% to mean 6.7%, SD 0.7%, P=.91).
Both groups showed increased mean knowledge scores at 12 weeks, increasing from 68.3% (SD 16.4%) to 76.7% (SD 11.7%;
P<.001) in the intervention group and from 64.8% (SD 18.2%) to 73.2% (SD 12.6%; P<.001) in the control group. Positive
improvements in attitudes and self-care activities were only observed in the intervention group (attitudes: mean difference 0.2,
SD 0.5, P=.001; self-care activities: mean difference 0.3, SD 1.2, P=.03). A 100% utility rate was achieved for 8 out of 21 (38%)
medication-related videos. Low health literacy was a significant risk factor for baseline knowledge scores in the intervention
group, with an odds ratio of 2.80 (95% CI 1.28-6.12; P=.01); this became insignificant after 3 months.
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Conclusions: The social media–based program was effective at enhancing the knowledge, attitudes, and self-care activities of
patients with diabetes. This intervention was also helpful for patients with low health literacy in diabetes knowledge. The program
represents a potentially useful tool for delivering diabetes education to patients through social media, especially during the
COVID-19 pandemic.

Trial Registration: ClinicalTrials.gov NCT04876274; https://clinicaltrials.gov/ct2/show/results/NCT04876274

(J Med Internet Res 2022;24(3):e31449)   doi:10.2196/31449
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Introduction

Background
The development of effective diabetes education programs for
patient self-management has been a challenge for health care
professionals. The sudden outbreak of COVID-19 leading to
the pandemic has created further difficulty by limiting
face-to-face diabetes education. The complicated pathology of
diabetes requires not only pharmacotherapy, but also firm patient
engagement with daily self-care. Studies have demonstrated
that patients with better disease-related knowledge, attitudes,
practice, and self-efficacy have better glycemic control [1].
However, it is extremely difficult for patients with diabetes to
maintain a healthy lifestyle and effective self-management
without professional assistance. The excessive workload in
health care settings during the COVID-19 pandemic has limited
the time available to provide sufficient patient education. The
increasing prevalence rates of diabetes worldwide reflects the
unmet need for health education, which calls for innovative and
effective mobile health (mHealth) educational programs.

The content of diabetes education is very complicated, as
demonstrated by Diabetes Self-Management Education and
Support services [2] and the American Association of Diabetes
Educators 7 Self-Care Behaviors (AADE7) [3]. To cover all
aspects required for day-to-day living with diabetes, it is
recommended that education include healthy eating, regular
physical activities, self-monitoring of blood glucose, compliance
with medications, problem-solving skills, healthy coping skills,
and other risk-reducing behaviors [3]. These aspects have been
theoretically proven to effectively enhance health outcomes
[4-8]. However, educating patients on all of these topics might
not be practical in busy clinical settings. The time needed to
teach diabetes self-care is reported to be around 4 hours per
patient, which has been difficult to achieve in clinical practice
during the COVID-19 pandemic [9]. Remote learning using
advanced technologies may potentially provide a key solution
to address the pressures created by the burden of face-to-face
education.

mHealth technology has increasingly been integrated into health
care to meet the demands of diabetic care during the COVID-19
pandemic. It has been shown to be effective at enhancing health
outcomes, such as medication adherence, glycated hemoglobin
(HbA1c) levels, and self-management [10-18]. Studies have
shown that multimedia education using videos is more effective
than written information in terms of engagement and information
uptake [19,20]. Videos can deliver information through visual

and audio elements and require less cognitive effort for
information processing [19,20]. However, no previous study
has attempted to develop a video program for diabetes education
based on social media with a two-way communication
component.

Objectives
In this study, we developed an educational program based on
the AADE7 [3]: Taipei Medical University–LINE Oriented
Video Education (TMU-LOVE). The social media platform
LINE (LINE Corporation) was employed in this study. The
platform is one of the most popular and user-friendly social
media platforms in Taiwan, with a high acceptance rate of up
to 88% among the population between the ages of 16 and 64
years [21]. This randomized controlled trial (RCT) was
conducted during the COVID-19 pandemic. The first aim was
to evaluate the effectiveness of the social media–based education
program in regard to changes in patients’ HbA1c levels,
knowledge, attitudes, and self-care activities before and after
the intervention. Another aim was to study the effects of this
social media–based education program on changes in knowledge
by diabetes patients with high and low levels of health literacy.

Methods

Study Design
This study was an open-label RCT and was conducted between
July 2020 and January 2021. The study was registered at
ClinicalTrials.gov (NCT04876274).

Ethics Approval
This study was approved by the Taipei Medical University
(TMU)–Joint Institutional Review Board (No. N201905088).
The study followed the CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) guidelines [22].

Participants
Participants were recruited by physicians at the Endocrinology
and Metabolism Clinic of Wan-Fang Hospital, Taipei, Taiwan.
Invitations to join the study were extended to all patients with
diabetes, aged 20 years or older, who had at least one HbA1c

measurement that was equal to or greater than 6% in the past 6
months and possessed a smartphone with the LINE app installed.
Patients who had gestational diabetes, had cognitive impairment,
or were controlling their diabetes through dietary control without
medication were excluded. Based on a power of 80% and a
2-sided α level of .05, the required sample size was estimated
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to be at least 128 participants using G*Power (version 3.1;
Heinrich-Heine-Universität Düsseldorf) [23]. To adjust for an
estimated nonresponse rate of 20%, we aimed for a final sample
size of at least 160 participants, with 80 patients in each group.

Eligible participants were asked to complete a written consent
form before joining the study. Demographic information (ie,
age, sex, educational level, income, medications, and personal
history) and health status (ie, diagnosis time and BMI) were
obtained using electronic medical records. Pharmacists allocated
participants to either the control group or the intervention group
at a 1:1 ratio according to a random sequence, which was
generated by a digital program before launching the study. The
patients in both groups were scheduled to return to the clinic at
the end of the 3-month study period, where their chronic
prescription medications were re-evaluated. Diabetes health
education for the control group comprised provision of the usual
diabetes health care, including patient consultations with
physicians, access to nurses in the outpatient services, as well
as medication consultations with pharmacists upon receiving
prescriptions. Physicians also referred patients for consultations
with certified diabetes educators (CDEs) when necessary.

Intervention
The patients allocated to the intervention group were granted
access to the TMU-LOVE program through a QR code (Figure
S1 in Multimedia Appendix 1), in addition to receiving the usual
health care. This program was developed by the TMU School
of Pharmacy and is illustrated in Figure 1. In the first phase of
development, a panel consisting of an endocrinologist, two
pharmacists, and a pharmacy professor developed an outline of
the program according to the guidelines of the Taiwanese
Association of Diabetes Educators and seven key points in the
AADE7 [3]. The outline contained five categories:
understanding diabetes, daily care, nutrition care, diabetes drugs,
and quizzes. The elements of each section were also determined.

A group of pharmacy students joined the second phase to create
the videos. The students started to write scenarios and discussed
each video with the pharmacy professor and pharmacists. After
checking the evidence for the scenarios, the students produced

animated or filmed videos. The videos were reviewed and
revised by the panel until they met the learning goals in the
outline. A total of 51 videos were produced: 10 videos were
about understanding diabetes, 10 were about daily care, 6 were
about nutrition care, 21 were about diabetes drugs, and 4 were
about diabetes knowledge–related quizzes (Figure S2 in
Multimedia Appendix 1). The medications described in the
program were based on the formulary at Wan-Fang Hospital,
including metformin, acarbose, dipeptidyl peptidase-IV
inhibitors, meglitinide, sulfonylurea, thiazolidinedione,
sodium-glucose cotransporter-2 inhibitors, and insulin. All
videos are listed in Multimedia Appendix 2 and are available
at the TMU School of Pharmacy’s website [24].

The menu for the educational platform was composed of six
icons; these represented the five video categories and a FAQ
(frequently asked questions) section (Figure S3 in Multimedia
Appendix 1). The program was also equipped with a one-on-one
chat room, graphic messages, and the ability to direct patients
to certain websites [25]. The study employed the messaging
feature of the LINE social media platform to send educational
videos and communicate with patients by text message, voice,
or video call. Patients could also click on the six icons in the
menu to connect to the website of the program. The patients
could use LINE’s messaging feature to ask questions, and
pharmacists could answer them through text messages or voice
calls via the social media platform.

The program was designed to last for a study duration of 3
months (ie, 12 weeks), with two or three videos sent every week
and a care message sent every 2 weeks to the patients in the
intervention group. All patients received the same videos except
for the videos on medications. Videos regarding the basic
understanding of diabetes were delivered in weeks 1 to 4. Videos
on daily care were first delivered in week 5, and six nutrition
care videos were scheduled over six different weeks. Each
patient received the videos for their individual medications in
weeks 4, 6, 7, 11, and 12. Four quizzes were scheduled to be
delivered in weeks 3, 6, 9, and 12 (Figure 2). Patients could
also access all of the videos through the social media platform
whenever they desired.

Figure 1. Program development. The number of videos in each category are reported within parentheses. AADE7: American Association of Diabetes
Educators 7 Self-Care Behaviors; FAQ: frequently asked questions; TADE: Taiwanese Association of Diabetes Educators; TMU-LOVE: Taipei Medical
University–LINE Oriented Video Education.
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Figure 2. Delivery schedule of videos. HbA1c: glycated hemoglobin.

Outcomes and Measures

Measures for Blood Sugar Control
The outcome for blood sugar control was the change of HbA1c

level from baseline to month 3. HbA1c level results were
obtained from the electronic medical records for all potential
participants before the allocation and determination of eligibility.
The participants were requested to take an HbA1c test at 3
months, and all HbA1c level results during the 3-month study
period were examined for the analysis.

Knowledge, Attitudes, and Self-care Activities Toward
Diabetes
The Chinese version of the Simplified Diabetes Knowledge
Scale (SDKS; true/false version) [26] was used to measure
diabetes patients’knowledge. This version of the scale contains
24 items and was validated in previous studies [26,27].

Patients’ attitudes toward diabetes were assessed using the
Chinese version of the Diabetes Care Profile–Attitudes Toward
Diabetes Scales (DCP-ATDS) [26]. This questionnaire was
previously validated and translated [26,28]. It has 17 items that
are divided into the following sections: positive attitudes,
negative attitudes, self-care ability, self-care adherence, and
importance of care. Each item is graded on a 5-point Likert
scale using the following response options: “strongly agree,”
“agree,” “neutral,” “disagree,” or “strongly disagree.”

Self-care activities were measured using the Chinese version
of the Summary of Diabetes Self-Care Activities (SDSCA) [29],
which consists of 10 items and has been validated [29,30]. In
the SDSCA, patients were asked how many days per week they
had performed the correct behaviors regarding medication
adherence, diet, exercise, self-monitoring of blood glucose, and
foot care.

Health Literacy
To determine whether the social media–based program could
be applied to patients with different levels of health literacy,
the effects of health literacy on SDKS, SDSCA, and DCP-ATDS
outcomes were compared in the intervention and control groups.
We assessed health literacy at baseline using the Newest Vital
Sign (NVS) tool, which was developed and translated in
previous studies [31,32]. This scale consists of six questions
based on the nutrition label of an ice cream product in order to
evaluate both the reading and numeracy of the patients. The
patients were categorized as having high or low health literacy
based on a cutoff point of 2 for the sum of the NVS score.

Utility Rate of Educational Videos
The utility rate was used to represent the frequency of watching
videos in each of the five categories. The utility rate for
accessing educational videos was measured using the number
of views of each video divided by the number of target
participants. Utility rates of videos with a calculated rate above
100% were counted as 100%.

Statistical Analysis
Statistical analyses were conducted using SPSS Statistics for
Windows (version 28.0; IBM Corp). The study was performed
using intention-to-treat analysis. Multiple imputation was
employed to manage missing values [33-35]. All tests were
2-tailed, with a significance level of .05. Differences in baseline
characteristics were examined using descriptive analysis. The
Kolmogorov-Smirnov test was used to verify whether the
variables had normal distributions. According to the results of
the Kolmogorov-Smirnov test, a Wilcoxon signed-rank test or
paired t tests were used to examine the differences in the pretest
and posttest scores within a group, while a Mann-Whitney U
test or unpaired t tests were performed to compare the
differences between groups. An ordinal logistic regression model
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was applied to evaluate the association of health literacy with
knowledge, attitudes, and self-care activities.

Results

Participant Characteristics
A total of 246 patients from the Endocrinology and Metabolism
Clinic of Wan-Fang Hospital were screened for this study.
Patients who were excluded from the study included 10 patients
with HbA1c levels less than 6%, 3 patients who did not complete
the informed consent form, and 52 patients who declined to
participate. In total, 181 patients were randomized equally into

the control group (n=90, 49.7%) or the intervention group (n=91,
50.3%), as shown in Figure 3.

Table 1 shows the demographic characteristics of the patients,
which indicate that there were no significant differences
observed between groups. The percentage of patients receiving
CDE care in the two groups differed insignificantly. The mean
age of the participants was 58.6 (SD 11.6) years, and there were
57 males out of 90 participants (63.3%) in the control group
and 67 males out of 91 participants (73.6%) in the intervention
group. More than half of the participants were highly educated.
The mean HbA1c level was 6.8% (SD 0.7%), and the mean
health literacy level was 1.7 (SD 1.9).

Figure 3. The CONSORT flow diagram. CONSORT: Consolidated Standards of Reporting Trials; TMU-LOVE: Taipei Medical University–LINE
Oriented Video Education.
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Table 1. Baseline characteristics of the participants.

P valueIntervention group (n=91)Control group (n=90)All participants (N=181)Variable

.6059.0 (11.4)58.1 (11.9)58.6 (11.6)Age (years), mean (SD)

.1567 (73.6)57 (63.3)124 (68.5)Male, n (%)

.3926.1 (4.2)26.7 (5.0)26.4 (4.6)BMIa, mean (SD)

Educational level, n (%)

.93b14 (15.4)13 (14.4)27 (14.9)Junior high school or below

26 (28.6)24 (26.7)50 (27.6)Senior high school

51 (56.0)53 (58.9)104 (57.5)College or higher

.5536 (39.6)40 (44.4)76 (42.0)Unemployed, n (%)

.603 (3.3)3 (3.3)6 (3.3)Living alone, n (%)

Annual income (NT$c), n (%)

.4828 (30.8)30 (33.3)58 (32.0)Unwaged

18 (19.8)25 (27.8)43 (23.8)<500,000

27 (29.7)21 (23.3)48 (26.5)500,000-1,000,000

18 (19.8)14 (15.6)32 (17.7)>1,000,000

Medication type, n (%)

.0668 (74.7)72 (80)140 (77.3)Oral medication only

8 (8.8)1 (1.1)9 (5.0)Insulin only

15 (16.5)17 (18.9)32 (17.7)Oral medication and insulin

.9110.4 (9.0)10.3 (8.1)10.3 (8.5)Diagnosis time (years), mean (SD)

.077.0 (0.8)6.7 (0.6)6.8 (0.7)HbA1c
d level (%), mean (SD)

.2310 (11.0)15 (16.7)25 (13.8)Smoking, n (%)

.7836 (39.6)29 (32.2)65 (35.9)Alcohol consumption, n (%)

.4637 (40.7)42 (46.7)79 (43.6)SMBGe, n (%)

.7770 (76.9)63 (70)133 (73.5)Physical exercise, n (%)

.7323 (25.3)20 (22.2)43 (23.8)Receiving CDEf education within 3 months, n (%)

.711.7 (1.8)1.8 (2.0)1.7 (1.9)NVSg questionnaire total score, mean (SD) 

aBMI is calculated as weight in kilograms divided by height in meters squared.
bP values for a group are reported in the top row of that group.
c$1 NT = $0.035 USD.
dHbA1c: glycated hemoglobin.
eSMBG: self-monitoring blood glucose.
fCDE: certified diabetes educator.
gNVS: Newest Vital Sign; questionnaire total scores range from 0 to 6, with a higher score indicating a favorable state.

Outcomes

Measures for Blood Sugar Control
After 3 months of the intervention, the mean HbA1c level
changed insignificantly from 6.9% (SD 0.8%) to 7% (SD 0.9%;

P=.34) in the intervention group and from 6.7% (SD 0.6%) to
6.7% (SD 0.7%; P=.91) in the control group (Table 2).

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31449 | p.424https://www.jmir.org/2022/3/e31449
(page number not for citation purposes)

Leong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Clinical and nonclinical outcomes after the intervention.

Between groupsbWithin groupsaVariable

P value95% CIMean difference
(SD)

Mean difference
(SD)

P value3 months,
mean (SD)

Baseline,
mean (SD)

HbA1c
c (%)

.57d–0.25 to 0.14d0.06 (0.1)d0.07 (0.7).347.0 (0.9)6.9 (0.8)Intervention group (n=91)

0.01 (0.7).916.7 (0.7)6.7 (0.6)Control group (n=90)

SDKSe (% correctness)

.99–4.52 to 4.530.01 (2.3)8.4 (14.7)<.00176.7 (11.7)68.3 (16.4)Intervention group (n=91)

8.4 (16.1)<.00173.2 (12.6)64.8 (18.2)Control group (n=90)

DCP-ATDSf

.003–0.32 to –0.070.2 (0.06)0.2 (0.5).0013.8 (0.5)3.6 (0.4)Intervention group (n=91)

–0.02 (0.4).583.7 (0.5)3.7 (0.4)Control group (n=90)

SDSCAg

.04–0.65 to –0.020.3 (0.2)0.3 (1.2).034.0 (1.2)3.7 (1.3)Intervention group (n=91)

–0.07 (1.2).523.9 (1.5)3.9 (1.4)Control group (n=90)

aPaired t tests (2-tailed) were performed for HbA1c levels, DCP-ATDS scores, and SDSCA scores; a Wilcoxon signed-rank test was performed for
percentage of correct SDKS questions.
bUnpaired t tests (2-tailed) were performed for HbA1c levels, DCP-ATDS scores, and SDSCA scores; a Mann-Whitney U test was performed for
percentage of correct SDKS questions.
cHbA1c: glycated hemoglobin.
dValues for a group are reported in the top row of that group.
eSDKS: Simplified Diabetes Knowledge Scale (true/false version). Percent correctness ranges from 0% to 100%, and a higher score indicates a favorable
state.
fDCP-ATDS: Diabetes Care Profile–Attitudes Toward Diabetes Scales. Mean scores range from 1 to 5, and a higher score indicates a favorable state;
pretest scores were normally distributed, based on the Kolmogorov-Smirnov test.
gSDSCA: Summary of Diabetes Self-Care Activities. Mean scores range from 0 to 7, and a higher score indicates a favorable state; pretest scores were
normally distributed, based on the Kolmogorov-Smirnov test.

Knowledge, Attitudes, and Self-care Activities Toward
Diabetes
Both groups experienced significant improvements in SDKS
mean scores, from 68.3% (SD 16.4%) to 76.7% (SD 11.7%;
P<.001) in the intervention group and from 64.8% (SD 18.2%)
to 73.2% (SD 12.6%; P<.001) in the control group. However,
the difference in knowledge scores between the two groups was
not significant (intervention, 8.4% vs control, 8.4%; P=.85).
The scores for each item of the SDKS are shown in Multimedia
Appendix 3.

The intervention group exhibited significant growth in the
overall attitude mean score, from 3.6 (SD 0.4) to 3.8 (SD 0.5;
P=.001), whereas no significant change was observed in the
control group, from 3.7 (SD 0.4) to 3.7 (SD 0.5; P=.58). The
difference in the change of DCP-ATDS scores between baseline
and follow-up was significant between groups (mean difference
0.2, 95% CI –0.32 to –0.07; P=.003). Detailed data for the
DCP-ATDS are presented in Multimedia Appendix 4.

Regarding self-care activities measured by the SDSCA,
significant improvement was observed in the intervention group

only, from a mean score of 3.7 (SD 1.3) to 4.0 (SD 1.2; P=.03);
the improvement in scores was significantly higher in
comparison to the control group (mean 0.3, SD 0.2; P=.04).
Tables S1 and S2 in Multimedia Appendix 5 show the SDSCA
scores and the top five reasons mentioned by patients for finding
it difficult to engage in self-care activities. In further analyses,
patients with and without improvement in SDSCA scores after
3 months had no significant differences in any of DCP-ATDS
subscales, including the subscales of positive attitudes and
negative attitudes (Multimedia Appendix 6).

Impact of Health Literacy
Table 3 shows the effects of health literacy on knowledge,
attitudes, and self-care activities associated with the SDKS. At
baseline, the odd ratios (ORs) of health literacy were 2.8 (95%
CI 1.28-6.12; P=.01) for the intervention group and 5.43 (95%
CI 2.41-12.25; P<.001) for the control group. The social
media–based education intervention eased the influence of health
literacy on SDKS results, which disappeared in the intervention
group after 3 months, with a P value of .75. The OR remained
significant in the control group after 3 months (OR 2.43, 95%
CI 1.14-5.19; P=.02).
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Table 3. Effects of health literacy on knowledge, attitudes, and self-care activities.

Control group (n=90)Intervention group (n=91)Variables

3 monthsBaseline3 monthsBaseline

P valueOR (95% CI)P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

.022.43 (1.14-5.19)<.0015.43 (2.41-12.25).750.88 (0.41-1.91).012.80 (1.28-6.12)SDKSb

.640.90 (0.42-1.91).490.77 (0.37-1.62).361.45 (0.66-3.21).231.60 (0.75-3.41)DCP-ATDSc

.820.92 (0.43-1.95).890.95 (0.45-2.00).480.76 (0.36-1.62).040.44 (0.21-0.95)SDSCAd

aOR: odds ratio.
bSDKS: Simplified Diabetes Knowledge Scale (true/false version).
cDCP-ATDS: Diabetes Care Profile–Attitudes Toward Diabetes Scales.
dSDSCA: Summary of Diabetes Self-Care Activities.

Utility Rate of Educational Videos
The utility rates for drug-related videos were the highest, with
8 out of 21 (38%) videos achieving a 100% utility rate. For the
category of understanding diabetes, only 4 out of 10 (40%)
videos had a utility rate above 50%. Among the 10 videos

related to daily care, only 2 (20%) had a utility rate above 50%.
Only 1 nutrition care video out of 6 (17%) and 1 quiz video out
of 4 (25%) was highly used (Figure 4). Interestingly, the utility
rate of the first quiz reached 69.2%, but the utility rates were
significantly lower for the following three quizzes, ranging from
27.5% to 30.8%.

Figure 4. Utility rate for each video in each of the five categories. Rates are shown on each bar. HbA1c: glycated hemoglobin.
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Discussion

Principal Findings
This study demonstrated that the delivery of a social
media–based education program during the COVID-19
pandemic improved the knowledge, attitudes, and self-care
activities of patients with type 2 diabetes. Among the 51 videos
in the social media intervention, the utility rates of the
drug-related videos were the highest, which implies a demand
for medication information among patients. Interestingly, the
results also revealed that the program overcame the negative
effects of low health literacy, as it was no longer a significant
factor in knowledge improvement after the intervention.
However, the significant influence of low health literacy
remained in the control group after 3 months. The program
demonstrated the usefulness of social media–based diabetes
education, even among those who have limited health literacy.

The attitude and practice improvement observed in this study,
which was not always present with knowledge enhancement,
requires stronger motivation and patient engagement. The videos
in this study covered all elements of the AADE7 and drug
information, resulting in reasonable knowledge improvement.
Previous mHealth studies showed conflicting results regarding
attitudes. One study showed that the use of mobile text
messaging did not significantly benefit diabetes patients’
attitudes [36], whereas another study showed that the use of
mobile texts, voice messages, and animations improved patient
attitudes [37]. All videos in this study were presented with a
mindset of fostering growth and positive attitudes to help
patients fight against diabetes. The positive encouragement was
fundamentally important for changing the mindset of patients,
as the chronic nature of disease commonly decreases patients’
perseverance.

Changes in self-care activities were even more difficult to
achieve, requiring a more individualized, patient-centered
approach. Patient interviews in this study revealed that a group
characterized by having a high workload experienced difficulties
in improving their self-care activities. They ate high-fat meals
and engaged in little to no exercise. Interestingly, this group
had the same attitude level as patients who showed
improvements in self-care activities. This finding was consistent
with previous studies [38,39], indicating that many patients with
diabetes have good attitudes but poor practice. Four videos with
easy-to-make recipes in this study might have motivated patients
to take the initiative toward self-care. Individualized discussion
is essential for assisting patients with high workloads to
overcome difficulties in changing their lifestyle [40].

This study identified a key lesson for operating a successful
mHealth education program for patients with diabetes during
the COVID-19 pandemic. Worldwide health care and patient
education shifted quickly from in-person to remote online
approaches due to physical distancing and social isolation
restrictions [41-43]. Online telemedicine outpatient services
have become a popular trend in health care settings [44,45].
Revision of the content of the social media program by adding
the facility to have more frequent online discussions could be

one solution to optimize diabetes health education during the
COVID-19 pandemic.

This study demonstrated that patient-oriented language and
animated videos were effective at being accepted by patients
with inadequate health literacy. Health literacy decreases with
age due to degeneration of cognitive and intellectual functions,
and is positively related to a patient’s level of education [46-48].
Consistent with other studies [49,50], the level of health literacy
is generally low in Taiwan. Even among our highly educated
populations, the mean NVS score was still less than 2, indicating
a high likelihood of limited literacy. Possible reasons might be
that health education is not being emphasized in the high school
curriculum or adopted as a university entrance requirement in
Taiwan. The need to strengthen basic health education in formal
educational settings should be considered by policy makers
[50]. This study indicates that video approaches may provide
an effective solution to address the generally low health literacy
levels among the population and an aging society in overloaded
health care settings.

Drug-related education in diabetes is an unmet clinical need. A
previous study revealed that medication-related features
represented four of the top 10 most demanded features by
patients in an mHealth program [51]. This finding is consistent
with our observation that the video utility rates were the highest
for the medication category (Figure 4). According to global
statistics from the Certified Diabetes Care and Education
Specialist organization, pharmacists only represented 7% of all
CDEs in 2020 [52]. Most CDEs in clinical settings are not
pharmacists. Current mHealth education programs developed
for diabetes have mainly focused on basic information, patient
self-care skills, and nutrition. Development of mHealth
applications with more sophisticated medication education and
opportunities for patients to communicate with pharmacists
could potentially help to fulfill this patient need.

Clinical Implications
The social media–based education program in this study was
effective at assisting all health care professionals who provide
diabetes medication education in clinical settings. When diabetes
education is provided by a nonpharmacist CDE, the program
could create a link to provide medication information and a
channel for consultations with pharmacists. It could save
pharmacists time by delivering basic medication knowledge in
videos and resolving patients’general concerns. Remote delivery
of videos through a social media platform provides an easy
solution to help patients understand information in situations
when face-to-face health education is not possible, such as
during the COVID-19 pandemic. The intervention employed
in this study could also be adapted to provide patient education
for other chronic diseases in order to enhance telemedicine
communication. Furthermore, it could be sustainably integrated
into diabetes education programs run by nonpharmacist CDEs
as well as pharmacists during and beyond COVID-19.

Limitations
Our study has several limitations. It was a single-center study,
which may have led to population bias and, thus, restricted its
generalizability. The intervention only lasted 12 weeks, so we
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were unable to assess long-term outcomes. The patients’attitude,
knowledge, and self-care activity scores were collected by
self-report, which may have created recall bias. Moreover, we
could only determine that patients clicked on the videos, but
we could not confirm how long and how attentively they
watched them. Finally, the economic value of the social
media–based program was not evaluated. Future studies
covering populations that are more diverse with a longer study
duration and careful analysis of digital learning metrics are
needed to validate the effects of the social media–based program
among patients with type 2 diabetes.

Conclusions
This study has demonstrated the potential value of a social
media–oriented video education program as a useful tool for
diabetes care during the COVID-19 pandemic. It was found to
have been effective in improving patients’knowledge, attitudes,
and self-care activities. The video program also overcame the
issue related to inadequate health literacy, which is a
time-consuming challenge in traditional face-to-face education
[53]. Due to the integration of medication information and
two-way communication, the social media–based program
represents an innovative and efficient strategy for enhancing
patients’ attitudes, knowledge, and self-care during the
COVID-19 pandemic and in the future.
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Abstract

Background: Mental health and pregnancy apps are widely available and have the potential to improve health outcomes and
enhance women’s experience of pregnancy. Women frequently access digital information throughout their pregnancy. However,
health care providers and women have little information to guide them toward potentially helpful or effective apps.

Objective: This review aimed to evaluate a methodology for systematically searching and reviewing commercially available
apps that support pregnant women with symptoms of anxiety in order to assist maternity care professionals in identifying resources
that they could recommend for these women.

Methods: A stepwise systematic approach was used to identify, select, describe, and assess the most popular and highly user-rated
apps available in the United Kingdom from January to March 2021. This included developing a script-based search strategy and
search process, writing evaluation criteria, and conducting a narrative description and evaluation of the selected apps.

Results: Useful search terms were identified, which included nonclinical, aspirational, and problem-based phrases. There were
39 apps selected for inclusion in the review. No apps specifically targeted women with anxiety in pregnancy. Of the 39 apps
included in the review, 33 (85%) focused solely on mind-body techniques to promote relaxation, stress reduction, and psychological
well-being. Only 8 of the 39 (21%) apps included in the review reported that health care professionals had contributed to app
development and only 1/39 (3%) provided empirical evidence on the effectiveness and acceptability of the app. The top 12/39
(31%) apps were evaluated by 2 independent reviewers using the developed criteria and scores. There was a small negative
correlation between the reviewers’ scores and app user rating scores, with higher user rating scores associated with lower reviewer
scores.

Conclusions: App developers, publishers, and maternity care professionals should seek advice from women with lived experience
of anxiety symptoms in pregnancy to locate, promote, and optimize the visibility of apps for pregnant women. There is a lack of
resources that provide coping strategies based on current evidence for the treatment of anxiety in pregnancy. Maternity care
providers are limited in their ability to locate and recommend acceptable and trustworthy apps because of the lack of information
on the evidence base, development, and testing of apps. Maternity care professionals and women need access to libraries of trusted
apps that have been evaluated against relevant and established criteria.
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Introduction

Many pregnant women experience symptoms of anxiety; the
prevalence of antenatal anxiety symptoms has been reported to
be 13%-23% [1-3]. During the COVID-19 pandemic, the
number of women with symptoms of anxiety in pregnancy has
increased due to women’s concerns about virus transmission,
accessing care, and social support [4,5]. Anxiety symptoms in
pregnancy usually have similar affective and cognitive attributes
to anxiety symptoms at other times [6], although concerns
related to pregnancy may present as the predominant feature.
Mild anxiety in pregnancy may be normal to prepare women
for motherhood and protecting the fetus [6,7]. Anxiety
symptoms become problematic when a significant amount of a
woman’s time is consumed, when women are unable to redirect
their focus to other tasks, or when everyday life and relationships
are affected [6,8,9]. Antenatal anxiety is reported to be
associated with postpartum depression, greater use of
interventions during labor, reduced rates of breastfeeding,
prematurity, and preterm birth [10-12].

The provision of web-based advice via mobile phones and the
internet has been suggested to help reduce anxiety and stress in
pregnant women [4,13]. Digitally delivered interventions are
potential solutions to overcoming barriers to access treatment
for perinatal mental health disorders. Interventions can be
delivered as unguided resources to support or replace
patient-provider interactions or as guided interventions that may
include live interactions over telephone or video or contact with
therapists using digital messaging [14]. Increasing midwives’
and maternity care providers’ awareness of digitally delivered
information and supportive interventions could assist in
signposting pregnant women to effective resources [15]. During
pregnancy, women frequently access digital information [16],
although information accessed through web-based sources is
rarely discussed with health care providers and the providers
themselves may be unaware of web-based information and its
accuracy [17]. Mobile apps have the potential to positively
influence health behavior and health outcomes [18,19] and
enhance women’s experience of maternity care and pregnancy
[20]. The availability of mobile apps has increased significantly
over the past few years. There are currently more than 400,000
health apps available from Google Play [21] and the App Store
[22]; however, there are fewer than 10,000 downloads for many
of these apps and 25% are never used after installation [18].

Mental health and pregnancy apps are widely available;
however, health care providers and women have little
information on which apps may be helpful or which to avoid
because these are ineffective or have potentially harmful content
[23]. Platforms such as the NHS Apps Library [24] have only
recently been developed to assist patients and the public in
finding trusted health and well-being apps and include general
pregnancy and mental health apps [25]. User ratings presented

by the app stores, on the other hand, do not provide a measure
of clinical appropriateness, safety, or efficacy, and the
availability of clinical data to guide app recommendations is
poor [23]. Moreover, the health app industry is commercially
dominated and lacks regulation [16].

Health apps for use in pregnancy or to support individuals with
anxiety symptoms have been assessed as having poor quality
[26-28], lacking evidence-based content [29], and being
ineffective or potentially harmful [30]. Other reviews of
pregnancy apps have reported that apps contained little or no
pregnancy-specific information [26] and contained information
that was potentially harmful for pregnant women [31]. Health
professionals and app users have reported a preference for using
pregnancy apps that are relevant to their local health care context
and come from a trusted source. There is a need for greater
health professional engagement in app development and
increased awareness of and guidance for use of these resources
[16].

Several methodologies have been proposed for evaluating the
quality of apps [23,25], but the validity of app rating measures
is not yet established [18] and standardized measures with high
interrater reliability are required. Nouri et al [18] conducted a
systematic review of existing health app assessment tools
(N=23). In total, there were 38 main classes of assessment
criteria, which the reviewers arranged into 7 main criteria:
Design, Information/Content, Usability, Functionality, Ethical
Issues, Security and Privacy, and User-perceived value. Powell
et al [23] evaluated the interrater reliability of existing app
quality measures, but only criteria for “App interactiveness”
and “feedback” reached the threshold for agreement, with items
related to security and privacy, number of ratings, research base,
authorship, attribution, and product advisory support reaching
near threshold levels of agreement (α levels of .5 or more).
Items with low interrater reliability (α .3 or less) included more
subjective measures, including perceived and claimed
effectiveness, ease of use, errors, and performance issues. The
authors state that even more objective measures can be missed
by a reviewer and suggest that the evidence base of the app may
be a more reliable indicator of effectiveness. Therefore,
clinicians need to review apps personally before making
recommendations, discuss apps with colleagues and service
users, and apply clinical judgment [23].

The purpose of this review was to evaluate a methodology to
systematically search and review commercially available apps
to support pregnant women with symptoms of anxiety. The
review focused on identifying app resources that could be used
to complement maternity and perinatal mental health care and
identifying methods of searching and evaluation that can be
adopted by maternity care professionals with limited time and
resources.
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Methods

This review adopted a stepwise systematic approach to identify,
select, describe, and assess the most popular and highly
user-rated apps available in the United Kingdom from January
to March 2021. The review team included individuals with
expertise in maternity care and research, mental health care,
and digital research and a lived experience of maternity. Ethics
approval was not required for this review because primary data
were not collected.

Developing an App Search Strategy
The first stage involved identifying key search words and terms
(Table 1). Research and academic keywords and Medical
Subject Headings terms (eg, Anxiety AND Pregnancy) were
piloted on Android (Google Play, Google) and iOS (App Store,
Apple). These search terms led to limited results and did not
locate preidentified “marker” apps (Mind the Bump [32] and
Headspace [33]). The Headspace and Mind the Bump apps were
selected as marker apps because they are recommended by the
National Health Service or established mental health charities.
General phrases were brainstormed by the review team,
considering terms that women may use to search for resources

as well as descriptive and marketing terms that app developers
might employ. The search strategy also considered the work by
Wexler et al [34] in a study related to our own. Wexler et al
[34] analyzed data from pregnancy social media forums. They
found that the frequency of word appearance in relation to other
words revealed clusters of words that have a high probability
of appearing together around certain topics. Therefore, word
clusters for anxiety about pregnancy and labor were included
in the search terms. Members of an established public
involvement group also contributed by identifying words they
would use to locate information and resources. Service users
highlighted that women may also search for specific
pregnancy-related aspects that cause anxiety (eg, miscarriage,
giving birth) or use words to describe how they would like to
feel (eg, calm, stress-free, relaxed). Again, these were included
in the key search words and terms for the present review.

Apps were included in the review if they were available in
English, aimed at or referred to use in pregnancy, and included
advice, information, exercises, or techniques to improve
symptoms of anxiety, worry, fear, or stress. Exclusion criteria
were anxiety apps that did not reference pregnancy in the app
information and pregnancy apps that did not reference anxiety,
worry, stress, fear, or emotional or mental health.

Table 1. Developing search terms for Google Play and the App Store.

Web-based words and phrasesResearch literature searching keywords

Pregnant, pregnancy, motherhood, mother (mum, mom, mama, momma), baby, birth (childbirth),
miscarriage, movements (fetal/baby movements), labor, maternity

Pregnancy, antenatal, perinatal, childbearing

Anxious (anxiety), worry (worries), concerns; stress, distress; ear, panic, scared, nervous; mind,

emotion, thoughts, mood; mental health; therapy (CBTa); relax, calm; cope (coping); help, care,
relief, cure; wellbeing

Anxiety

aCBT: cognitive behavioral therapy.

Search Process
To identify efficient and effective search terms that could be
used by maternity care professionals, previously developed
scripts were used to search the UK version of Google Play and
the App Store. The search was conducted from January to March
2021 using the script-based approach developed by Stawarz et
al [35]. The scripts were modified using alternative combinations
of the suggested keywords. Each combination of keywords and
the number of apps located are shown in Multimedia Appendix
1. Search results included the app name, short description, rating,
and developer’s details. After script-based searching, a simple
web-based keyword search of Google Play and the App Store
was performed to compare the search results with those of
script-based searching and to locate additional apps. Changing
the country code (ie, United Kingdom, United States) did not
appear to impact the search result. Changing the word order
resulted in different search results on Google Play but not on
the App Store. Manual screening of the app search results was
completed by evaluating the app title and description against
the inclusion and exclusion criteria.

Identifying Evaluation Criteria for the Apps
Evaluation criteria that considered the findings from existing
pregnancy and mental health app reviews were selected. The

criteria were therapeutic or supportive content (reflective of the
evidence base or clinical standards) [29,35,36], relevance for a
pregnant population [26,31,37], and compliance with existing
app quality measures (Multimedia Appendix 2). The following
therapeutic or supportive content was evaluated against
review-level evidence and clinical recommendations for
perinatal and common mental health disorders [38-41]:

1. Psychoeducation: Aids in the identification of anxiety
disorders and improves understanding and treatment options
for anxiety.

2. Low-intensity psychological interventions including
individual nonfacilitated, guided self-help or psychoeducational
group. Includes written or electronic materials based on the
treatment principles of cognitive behavioral therapy (CBT).

3. Mind-body interventions such as yoga or hypnotherapy.

4. Referral and signposting to services for women requiring
specialist diagnosis and care.

It is important to consider whether the current evidence for an
app is sufficient or relevant for a particular population [37].
Therefore, the following questions were developed by the
reviewers to identify the availability of information that women
could search for [42].
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1. How do I know if I have anxiety?

2. How do I know the severity of my anxiety symptoms?

3. Where can I go for help for my anxiety in pregnancy?

4. How can I access specialist help for my anxiety in pregnancy?

5. What are the treatment options for anxiety during pregnancy?

6. What can I do to help my anxiety symptoms?

Based on the review by Nouri et al [18], quality criteria were
selected to meet the review objectives. Subjective measures of
app quality have been reported as having low interrater
reliability [23]. Quality criteria were therefore selected that
focused on objective measures and minimized the number of
subjective responses. Efforts to reduce the subjective measures
also considered end-user preference. Criteria identified by health
care professionals as important may not reflect women’s needs
and preferences, as different individuals may find a particular
app more or less useful depending on their personal needs,
circumstances, experiences, and education level [25,43]. User
ratings as reported in Google Play and the App Store were also
presented alongside reviewers’evaluation scores for comparison.

Analysis
Descriptive data were collected (where available) for all apps
included in the review. This included the app developer and
country, number of downloads, number of ratings, rating score,
version number, costs, and date of the last update. Narrative
description and evaluation of the highest scoring, free to
download, and most popular apps were completed [29]. Apps
were identified based on the app download numbers and user
rating (0-5 stars) provided by Google Play and the App Store:
more than 10,000 installs, a star rating of 3.5 or higher, and free
to download in Google Play; and more than 10 ratings, a star
rating of 3.5 or higher, and free to download in the App Store.

This resulted in the selection of 12 apps that were then evaluated
by 2 independent reviewers using the criteria presented in
Multimedia Appendix 2. The extent to which the app addressed
the criteria was scored on a 2-point scale (0, information is
absent/negative response; 1, information is present/positive
response). The overall score was calculated and interpreted with
caution because of the lack of validity and reliability of app
quality measures [23]. Scores were used to assist in interpreting
the review findings and to generate discussion on the
mechanisms for selecting and recommending potentially
beneficial apps (Table 2).

Table 2. Quality scores of the highest user rated and most popular apps in the review.

User rating score from
Google play/App store (out
of 5)

Combined score
(out of 14)

General app features quality
score (out of 8)

Maternity and mental health
policy and evidence base
score (out of 6)

App name

4.3/4.7431Antenatal Yoga, Meditation + Educa-
tion (YogiBirth)

2.8/41174Baby Buddy

—/4.7945Carry: Pregnancy Workouts

—/4.4431Hypnobirthing: Calm Birth

3.4/—431Hypnobirthing - Pregnancy, Music &
Tracker

—/3.8541IHypnobirth

4.1/—651Keleya: Pregnancy Fitness & Tracker
+ Baby Due Date

4.2/—330Music for Pregnancy Relaxation

3.6/—110Pregnancy Care Tips

4.4/—220Pregnancy Music Collection 200

4.0/—541Pregnancy Yoga Exercises

3.8/—431Pregnancy Yoga Exercises – Prenatal
Yoga

Results

Apps Located and Included in the Review
In total, 1391 apps were located, and 1337 (96%) apps were
subsequently excluded based on the title, description, and
duplication (Figure 1). A total of 39/1391 (3%) apps were
included in the review (Multimedia Appendix 3).

No apps specifically targeted women with anxiety in pregnancy.
Various apps focused on providing well-being support during

pregnancy and included stress relief, relaxation, and mental
health advice as part of a general approach to well-being in
pregnancy. Of the 39 apps included in the initial review, 33
(85%) focused solely on mind-body techniques to promote
relaxation, stress reduction, and psychological well-being.
Mind-body techniques included relaxation, mindfulness,
hypnosis, yoga, positive affirmations, and meditation. A total
of 3/39 (8%) apps provided informational support, of which 1
(33%) focused on psychoeducation and 2 (67%) were
multicomponent and provided information support, cognitive,
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or mind-body techniques. Only 8 of the 39 (21%) apps included
in the review reported that health care professionals had
contributed to app development (Figure 2). Only 1/39 (3%) app
(Baby Buddy) provided empirical evidence on the effectiveness
and acceptability of the app.

There was a small negative correlation between the reviewers’
scores and the user rating scores (r=−0.27; 12/39, 31%; P=.39)
with higher user rating scores associated with lower reviewer
scores.

Figure 1. Adapted PRISMA diagram: anxiety apps for pregnant women. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Figure 2. Yoga, relaxation and hypnobirthing apps.

Description of the Apps Included in the Evaluation

Yoga, Relaxation, Meditation, and Hypnobirthing Apps
Of the 12 apps, 7 (58%) provided elements of relaxation,
hypnobirthing, yoga, and relaxation (Figure 2) [44-50]. Of the

7 apps, 4 (57%) provided exercises to improve mood, anxiety
coping, or mental well-being [44-47], although no supporting
evidence or information about anxiety or mental well-being was
provided. Only 1/7 (14%) app [48] included information about
depression and anxiety in pregnancy and the postnatal period
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via links to national health care websites and helplines for
factsheets.

Music Apps
Of the 12 apps, 2 (17%) provided music for relaxation in
pregnancy and were very similar in content and appearance:
Music for Pregnancy Relaxation [51] and Pregnancy Music
Collection [52]. Updates had not been completed within 12
months of the review. Both apps reported that music could
reduce stress and anxiety in pregnancy and support fetal brain
development. No empirical evidence was provided to support
the claims. Both apps provided recordings of classical music
or soothing sounds through a simple interface.

Informative Apps
Pregnancy Care Tips [53] was available on Android and iOS
devices, although it had not been updated within 5 years of the
review. At the time of publication, the app was no longer
available to download. The app provided written “tips” and
information on pregnancy symptoms, diet, exercise, and
maternity care. The information appeared to have been translated
into English and certain phrases and terms were difficult to
understand and not reflective of UK maternity care procedures.
No information was provided on the development of the app,
professional input, or supporting evidence.

Keleya: Pregnancy Fitness & Tracker + Baby Due Date [54]
was available on Android and iOS devices. Keleya was
promoted as an “All-in-One App” for pregnancy and contains
yoga exercises, nutritional advice, and information on the
progress and symptoms of pregnancy. Content was provided in
written and audio material, which could be personalized by
responding to user input and detailing stage of pregnancy, goals,
and symptoms. The app reported reducing anxiety through
meditation exercises. No empirical evidence was provided, and
there was no information on app development or health care
professional input. Free content was very limited, and additional
features such as social media community access, information,
and exercises required a subscription fee. Information on anxiety
in pregnancy was limited to user input to track anxiety
symptoms with no further information, support, or signposting
available.

Baby Buddy [55] is a National Health Service–endorsed app
from the charity Best Beginnings. The app was updated within
1 month of the review and is free on Android and IOS devices.
A website link from the app provided links to evaluation and
impact studies within UK maternity care institutions. The app
reported guiding women through pregnancy by providing
information through written and video materials. Baby Buddy
provided numerous video clips on the topic of anxiety and
depression, although there were no specific resources to help
women develop coping strategies and techniques to manage
symptoms of anxiety. The information included an overview
of anxiety disorders, CBT approaches, how or when to seek
help with mental health, and the benefits of peer support. Baby
Buddy reported that the text and video clips were quality-assured
by professional Royal Colleges and other health organizations.
The app was interactive and enabled women to make notes of
questions to ask their midwife and input information to access

personalized content. Signposting was provided for local
maternity services and support groups.

Discussion

Locating and Evaluating Apps
The purpose of this review to evaluate a methodology to
systematically search for and review commercially available
apps was addressed by identifying useful search terms that were
nonclinical and included aspirational phrases as suggested by
the study service user group. The terms included “calm,”
“relax,” “relief,” “cope,” and “well-being” as well as some
problem-based phrases such as “stress,” “fear,” and “anxiety.”
However, no clear recommendations were identified for the
searching of apps to help maternity care professionals identify
useful resources.

The evaluation components developed for the review provided
a useful framework for maternity care professionals to assess
the therapeutic or supportive content in the context of pregnancy.
The quality criteria focused on more objective measures and
aimed to minimize the number of subjective responses.
However, the binary coding (1, information/component present;
0, information/component absent) was not amenable to capture
criteria that were partly addressed by the app or where particular
types of content were presented differently within the app
[42,56]. The quality criteria have been revised in response to
the findings and are presented in Multimedia Appendix 4. Furter
studies to evaluate the reliability of the criteria are required [18].

Many of the apps that purported to reduce anxiety symptoms
did not include any link to peer-reviewed literature or the
evidence base. Other reviews have reported the lack of provision
of evidence-based app content [28,35,36,56]. Although
web-based mindfulness and CBT approaches have been reported
as effective in reducing anxiety and other mental health concerns
in perinatal populations [57,58], evidence-based information
was not presented in the apps. The lack of clearly defined
content with links to the evidence base may hinder the ability
of maternity care professionals to determine the quality of the
app [56]. However, this review highlighted that only 1 of the 7
(14%) most popular and highly rated mind-body apps provided
any rationale for the approach or links to the evidence base.

The lack of correlation between the presence of evidence-based
information or strategies and the popularity of mental health
apps has been highlighted in recent reviews [35,56,59]. This
suggests that features other than the provision of evidence-based
information are important to and valued by women [35]. To
further highlight this point, this review has demonstrated that
the quality evaluation scores assigned by the review team (health
care professionals and researchers) did not reflect user ratings
(displayed by the app platforms). Because of the lack of
information on the development of the apps, it is difficult to
know whether women’s views were accessed or whether the
design and content of the app reflected women’s needs.

User experience and engagement are important factors in the
overall effectiveness of apps [35]. Stawarz et al [35] identified
that interactive features and customization were important in
improving user engagement with CBT for depression. Positivity
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(ability to capture positive and negative thoughts) along with
privacy, security, and trust was associated with improved user
experience. For this review, engagement with service users also
highlighted that women may wish to use “positive” and
aspirational words to describe how they would like to feel (eg,
calm, stress-free, relaxed) when they search for potentially
useful apps. Researchers should aim to make mobile health
interventions with evidence-based treatments attractive and
accessible and focus on user desirability and experience early
in the design phase [59]. A combination of approaches to
maximize user engagement and experience with evidence-based
strategies is required to deliver potentially effective app-based
strategies to support women with anxiety in pregnancy.

Pregnant women may benefit from remotely delivered
interventions to help them cope with symptoms of anxiety if
they are provided with web-based contact with a health care
professional or peer community and may be more motivated to
complete interventions that are perceived as relevant or tailored
to their needs and situations [60]. Only 2 of the 39 (5%) apps
included in the review provided a psychological therapeutic
approach, with most apps providing mind-body techniques and
exercises to support women’s general well-being throughout
pregnancy, labor, and birth. Only 1/39 (3%) app was endorsed
by a health care organization (Baby Buddy). Although it did
not provide any therapeutic content, this app did provide
information and signposting. Apps that offered coping strategies
for women with symptoms of anxiety had very little information
about how or when to seek help or signposting to supportive
services.

The apps included in this review were promoted as either general
pregnancy well-being apps (including diet, exercise, fetal growth
and well-being, labor, and birth) or general relaxation apps.
This review did not locate any apps that were solely focused
on anxiety symptoms in pregnancy. A systematic review of
perinatal web-based psychological treatments for clinical levels
of maternal anxiety and depression [61] also did not locate any
interventions targeted to the reduction of anxiety disorders or
comorbid depression and anxiety. Although no interventions
were tailored to anxiety or recruited women with a diagnosed
anxiety disorder, the pooled analysis demonstrated medium and
significant group differences favoring web-based interventions
over control conditions for anxiety outcome measures. The
authors of this previous systematic review recommend that
interventions be specifically developed for this neglected area
of perinatal mental health care.

The perceived reliability and trustworthiness of web-based
pregnancy information have been reported to increase in women
when the resource is regularly updated and when it is
recommended by a health care professional [62]. Involvement
of the health care provider has been reported to help individuals
understand what apps can and cannot do [29]. Evaluation of
app quality by health care professionals should not be a
substitute for women’s preferences, usability, and other personal
factors necessary for selecting an app [29]. Zelmer et al [63]
sought consensus from a broad group of stakeholders on guiding
principles and criteria for a framework to assess e-mental health

apps. The resulting principles are similar to the criteria
developed for this review across categories of security, usability,
evidence base, and functionality. It would not be possible for
most maternity care professionals to assess the fast-growing
health apps market. Access to technologies, curated
compilations, or libraries of effective apps would, however,
help maternity care professionals feel more confident in
recommending and signposting women to potentially beneficial
resources [25,64]. Platforms such as the NHS Apps Library
have started to develop such resources, inviting developers to
submit apps for assessment of regulatory, clinical, security, and
technological criteria [65].

Study Strengths and Limitations
For this review, potentially useful criteria for rating the quality
of the content and the function of apps were suggested to support
women with symptoms of anxiety in pregnancy. The criteria
were based on previous research, and validity and reliability
testing was not conducted nor was it within the remit of the
study. The security and privacy policies of each app were not
fully scrutinized, although an assessment of whether security
and privacy policies were reported in the app information was
included. The American Psychiatric Association has developed
a framework for app evaluation [37], which begins with the
assessment of compliance with safety and privacy criteria. These
criteria must be met before the evaluation continues to assess
benefit and efficacy, engagement, and data sharing. Simply
checking for the existence (or absence) of a privacy policy will
help identify questionable apps [37].

Conclusions
Locating potentially useful apps is not a straightforward process
and requires a different approach to that used in traditional
academic search. Keywords that reflect women’s search queries
and that can help women and maternity care providers navigate
app libraries need to be developed. App developers, publishers,
and maternity care professionals should seek advice from
women with lived experience of anxiety symptoms in pregnancy
to locate, promote, and optimize the visibility of apps for a
diverse population of pregnant women. This review did not
locate any resources that provided coping strategies or
therapeutic approaches for anxiety that were based on the current
evidence base for the treatment of anxiety in pregnancy. The
rationale, development, and testing of apps included in this
review were underreported, which may hinder the ability of
maternity care providers to easily locate useful, acceptable, and
trustworthy resources. Potentially useful quality criteria have
been presented, which require further development and testing.
Maternity care professionals should be aware that features of
apps other than the provision of evidence-based information
and approaches are important to app users. Features such as
interactivity and customization may improve user engagement,
and positive framing using aspirational statements may attract
women with symptoms of anxiety when they look to select an
app resource. Maternity care professionals and women would
benefit from access to libraries of trusted apps that have been
evaluated against relevant and standardized criteria.
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Abstract

Background: Self-guided interventions may complement and overcome obstacles to in-person treatment options. The efficacy
of app interventions targeting posttraumatic stress disorder (PTSD) is unclear, and results from previous studies on PTSD
Coach—an app for managing trauma-related distress—are inconsistent.

Objective: This study investigates whether access to the Swedish version of the PTSD Coach affects posttraumatic stress,
depressive, and somatic symptoms. In addition, we aim to assess the perceived helpfulness, satisfaction, negative effects, response,
and remission related to PTSD Coach.

Methods: Adults who had experienced potentially traumatic events in the past 2 years were randomized (1:1) to have access
to PTSD Coach (n=89) or be on the waitlist (n=90). We assessed clinical characteristics at baseline (semistructured interviews
and self-rating scales) and after 3 months (self-rating scales). We analyzed the data in R software using linear mixed effects
models, chi-square tests, and Fisher exact test.

Results: Intention-to-treat analyses indicated that access to PTSD Coach decreased posttraumatic stress and depressive symptoms
but not somatic symptoms. More participants who had access to PTSD Coach responded with clinically significant improvement
and fewer instances of probable PTSD after 3 months compared with waitlist controls. Overall, participants found that PTSD
Coach was slightly to moderately helpful and moderately satisfactory. Half of the intervention group (36/71, 51%) reported at
least one negative reaction related to using PTSD Coach (eg, disappointment with the app or its results, arousal of stress, or
distressing memories).

Conclusions: Using PTSD Coach may trigger symptoms among a few users; however, most of them perceived PTSD Coach
as helpful and satisfactory. This study showed that having access to PTSD Coach helped improve psychological trauma-related
symptoms. In addition, we have discussed implications for future research and clinical practice.

Trial Registration: ClinicalTrials.gov NCT04094922; https://clinicaltrials.gov/ct2/show/NCT04094922

(J Med Internet Res 2022;24(3):e31419)   doi:10.2196/31419
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Introduction

Background
Psychological trauma, often recognized as posttraumatic stress
disorder (PTSD), is an important public health problem. Most
of the world’s population will be exposed to one or more
traumas throughout their lifetimes [1,2]. The lifetime prevalence
of PTSD is nearly 4%, and it is associated with considerable
burden [2]. A substantial impairment is also noted among people
who experience posttraumatic stress symptoms but do not meet
the complete diagnostic criteria for PTSD [3]. Trauma survivors
experience significant personal and structural barriers to seeking
help, including stigma, time and resource constraints, and lack
of knowledge and access to mental health care [4].

PTSD Coach is a self-management mobile app for improving
knowledge of PTSD symptoms and providing coping strategies
for trauma-related acute distress [5-7]. The app provides
psychoeducation about the effects of trauma, a self-rating scale
for posttraumatic stress, and contact information to reach
professional help and support organizations. It also contains a
database of self-guided exercises inspired by cognitive
behavioral treatment methods such as mindfulness, stress
reduction techniques, grounding, positive psychology, and
cognitive restructuring [6,7]. The efficacy of app interventions
that target PTSD is unclear [8]. Self-guided interventions such
as PTSD Coach could not replace, but may complement,
in-person treatment options [9] as stand-alone interventions or
as additions to psychological or medical treatments.

PTSD Coach has shown promise as a beneficial intervention in
Western countries [7]. However, the results from uncontrolled
studies regarding PTSD Coach and a decrease in posttraumatic
stress or depressive symptoms are inconsistent [10-12]. The
results from prior randomized controlled trial (RCT) studies
[6,13,14] of PTSD Coach also differ, perhaps owing to
differences in the operationalization of outcomes and sample
sizes. For example, using PTSD Coach with or without clinician
support decreased PTSD symptoms but did not change
depressive symptoms [14], and having access to PTSD Coach
was related to greater improvements in PTSD symptom severity
[6,13] and depressive symptoms compared with controls [6].
However, the results were inconclusive, as symptoms after the
intervention did not differ compared with controls [6,13].

Users tend to like PTSD Coach. Although some disagree [13],
the app was generally considered moderately to extremely
helpful in US samples [5,15] and slightly to moderately helpful
in a pilot study of the Swedish app [12]. Users endorse being
moderately to extremely satisfied [5,15] or slightly to moderately
satisfied with the app [12]. Overall satisfaction seems to be
higher among smartphone owners than others, whereas
perceived helpfulness do not differ [5]. Similarly, users have
expressed that previous digital skills may benefit the use of
PTSD Coach [16]. In addition, some users questioned whether
using PTSD Coach without clinician support could be harmful
[16]. Deterioration (ie, worsening of symptoms [17]) should be
considered a side effect if the intervention cannot be ruled out
as a probable cause [18]. To the best of our knowledge, no
investigation of PTSD Coach has reported the presence or

absence of deteriorated symptoms [6,10,11,13,14]. Other
possible negative effects are treatment-emergent reactions
(referred to in this paper as negative reactions, ie, unwanted
reactions) instigated by the use of an intervention [17]. Most
researchers do not report the presence or absence of negative
reactions to PTSD Coach [6,10,11,13,15]. Negative reactions
such as negative emotions, psychological symptoms [16,19],
and unfulfilled expectations [12] in response to content or
technical issues have been reported in focus groups, interviews,
and reviews on the web.

To summarize, the efficacy, benefits, and risks of
self-management interventions for posttraumatic stress should
be evaluated [8], especially if they are intended to be distributed
without clinical support. The Swedish version of PTSD Coach
has yet to be evaluated in an RCT. Sweden is a relatively
sparsely populated country with high levels of smartphone use.
Mental health apps may therefore be particularly well-suited
for use as a complement to existing services. In addition,
although exposure to potentially traumatic events and
posttraumatic stress are associated with somatic symptoms and
disease [20] and are subject to improvement with standard
therapies such as medication or cognitive behavioral therapy
[21], somatic symptoms have not been investigated concerning
the use of PTSD Coach.

Study Aims
We investigated whether access to PTSD Coach affected
symptoms of posttraumatic stress (primary outcome),
depression, and somatic illness (secondary outcomes) in an
RCT. We also conducted post hoc analyses to explore response
rates, clinically significant change, and deterioration in
posttraumatic stress symptoms and remission rates of probable
PTSD. Finally, we investigated perceived helpfulness,
satisfaction, and negative reactions associated with PTSD Coach.

Methods

Design
We conducted an RCT with a parallel group, mixed model
design to compare a self-management intervention with a
waitlist. The intervention group (app access) had access to PTSD
Coach, and the waitlist group (waitlist) did not have access to
PTSD Coach for 3 months.

Participants
Adults (aged ≥18 years) who resided in Sweden with Swedish
verbal and written comprehension and ownership of a
smartphone were eligible to be included in the study. Additional
inclusion criteria were exposure to a potentially traumatic event
in the past 2 years, according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria,
and mild to severe posttraumatic stress symptoms (PTSD
Checklist for DSM-5 total score ≥10). Exclusion criteria
included potentially life-threatening or harmful living conditions
or symptoms (eg, recurring or ongoing traumatic event exposure,
severe suicidal plans or ideation, current alcohol or drug abuse,
lifetime manic or hypomanic episodes, or psychotic episodes).
Additional exclusion criteria were current or pending
psychotherapy, medical treatment changes, and medication with
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counterindications such as benzodiazepines. Minor adjustments
were made after the trial commenced. Participants who screened
positive for alcohol or substance abuse in early remission (<12
months) with the current treatment were accepted in the study.

The required sample size of 160 participants was determined
by an a priori power analysis in G*Power (version 3.1;
Heinrich-Heine-Universität Düsseldorf) [22] based on the effect
size of Cohen d=0.5 in the pilot study [12] and anticipated
attrition of up to 25%.

Procedures
Enrollment began in May 2019 and ended in June 2020. We
collected data nationwide in Sweden from Uppsala University.
Study data and email invitations were managed using REDCap
(Research Electronic Data Capture; [23]) hosted at Uppsala
University.

Potential participants were recruited through social media
advertisements linked to a web-based screening questionnaire.
Eligible participants provided an email, received the consent
form, and provided written informed consent. We informed
participants how their data were managed and that participation
was voluntary and confidential. Consenting participants booked
an appointment for a phone interview with a member of the
research team to confirm eligibility and assess psychiatric
symptoms.

Subsequently, participants completed a baseline questionnaire
before randomization. Participants randomized to access to the
app were emailed written instructions for downloading PTSD
Coach and instructed to use the app as they pleased. Participants
who requested further guidance were encouraged to explore the
app to identify helpful content. Participants on the waitlist
received written notice through email that they would gain
access to the app after the first follow-up assessment.

We called all participants and offered the opportunity to ask
questions regarding the study or technical support, 7 days after
randomization. All participants responded to daily assessments
for 21 days in a separate investigation [24] and received a
follow-up questionnaire with the primary and secondary
outcomes 3 months later. Participants with access to the app
responded to additional questions regarding helpfulness,
satisfaction, and negative reactions. Participants were
compensated with gift cards to the cinema after completing the
follow-up questionnaire. Participants who left the study or were
excluded before the follow-up assessment received a gift card.

Materials

The Intervention
The mobile app PTSD Coach was developed by the Veterans’
Affairs National Center for PTSD and the Department of
Defense’s DHA Connected Health [5,25]. The resources in
PTSD Coach are divided into four sections: learn
(psychoeducation about posttraumatic stress, treatment, and
coping in families), track (symptom self-evaluation with rating
history and automatic feedback), manage symptoms (exercises
for distress management inspired by cognitive behavioral
therapy), and get support (contact information for crisis
resources, professional assessment and treatment, and platforms

and advice promoting social support). Self-guided exercises in
the app are prompted by voice, video, or text.

The Swedish version [12] was translated and adapted from the
American original to a Swedish civilian context [5,6,13]. A
team of 6 clinical psychologists, researchers, and psychology
students conducted the first translation for the pilot trial of the
app [12], and the authors revised the adaptation based on a
version update of the original and input from Swedish users.
During this trial, the Swedish version of PTSD Coach was not
publicly available on app stores; therefore, access to the app
could be restricted to participants with access to the app.
However, the American version of PTSD Coach was available
on app stores.

Posttraumatic Stress
The primary outcome, posttraumatic stress, was assessed at
screening, baseline, and follow-up with the Posttraumatic Stress
Disorder Checklist for the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (PCL-5) [26] in Swedish [27].
The PCL-5 is a 20-item self-report measure that maps directly
onto the DSM-5 PTSD symptoms. The items are rated on a
5-point scale ranging from 0 (not at all) to 4 (extremely) [26],
yielding a total sum of 0 to 80. The Swedish version was
developed using a standard back-translation process [28] and
corresponds well to the gold standard assessment of PTSD
symptoms [27]. A total sum of ≥31 to 33 points may indicate
probable PTSD in both the original and Swedish versions
[27,29]. A ≥10-point difference in the total sum score on
previous versions of the PTSD Checklist has been estimated to
equate with clinically significant change [6,13,14,30], and the
range for clinically significant change is presumably similar for
PCL-5 [29].

Depressive Symptoms
The secondary outcome depressive symptoms was assessed at
baseline and follow-up with the Swedish version [31] of the
Patient Health Questionnaire (PHQ)-9 [32]. The questionnaire
is a widely used 9-item self-report measure of the DSM-5
criteria for depression with an additional item assessing
functional impairment. The suggested cut-offs for probable
depression range from 9 to 12 points [32,33]. The Swedish
version has demonstrated satisfactory psychometric properties
[31].

Somatic Symptoms
The secondary outcome, somatic symptoms, was assessed at
baseline and follow-up with the Swedish version [34] of the
PHQ-15 [35]. The self-rating scale consists of 15 items that
measure the most common somatic symptoms reported in
primary health care. The Swedish version of the PHQ-15 has
favorable psychometric properties for the quantification of
somatization in Swedish and similar populations, with suggested
cut-off scores for symptom severity at 0 to 4 indicating minimal,
5 to 9 indicating low, 10 to 14 indicating moderate, and ≥15
indicating high symptom severity [34].

Helpfulness, Satisfaction, and Negative Effects
Perceived helpfulness and overall satisfaction with PTSD Coach
were measured with a Swedish version [12] of the PTSD Coach
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survey [5] at follow-up. The survey includes 14 questions that
assess the perceived helpfulness of the app and 1 item asking
about user satisfaction. Multimedia Appendix 1 provides all
items. Negative reactions were measured using the Negative
Effects Questionnaire [36]. The original version was developed
in Sweden and is available in several languages to assess the
negative effects of psychological interventions. In this study,
references to therapists and treatment in the items were changed
to the app. Respondents rated whether they had experienced 20
potential negative reactions during the period they had access
to PTSD Coach, how negative reactions affected them, and the
probable cause of the reaction (ie, “other circumstances” or
“used the app”). Multimedia Appendix 2 shows all items.

Demographic and Clinical Characteristics
During the phone interview, the interviewer explored exposure
to potentially traumatic events with open-ended questions (eg,
“Please briefly tell me about the kind of severe event that you
experienced at that time” and “What happened? You don’t need
to tell me everything; I just need to understand what kind of
event it was”) and categorized answers into categories from the
Life Events Checklist for DSM-5 [37] in Swedish [27]. We
assessed psychiatric comorbidity during the baseline phone
interview with the Mini International Neuropsychiatric Interview
[38] (Swedish version 7.0.0). We asked questions regarding
demographic information, previous smartphone use, and
previous treatment in the baseline questionnaire. Furthermore,
participants provided information regarding treatment changes,
the use of PTSD Coach, or other self-management apps in the
follow-up questionnaire.

Randomization
An external statistician generated the allocation sequence in R
software (R Foundation for Statistical Computing; Multimedia
Appendix 3): a random number table with equal allocation to
access PTSD Coach or waitlist (1:1) with an unstratified block
design fixed at 20 allocations. The first author (IH) uploaded
the random number table without reviewing it into the Uppsala
University REDCap randomization tool before data collection.
The block size, R-script, and allocation sequence were concealed
to members of the research team who enrolled participants (the
first author, a clinical psychologist, and 2 psychology students)
or randomized participants (the first author, a PhD student, and
a clinical psychologist). The condition was revealed in the
REDCap graphical user interface, nonblinded but unalterable,
after randomization.

Data Analysis
We analyzed data in R (versions 3.5.1 and 4.0.5) using linear
mixed effects models (nlme package v3.1-141). We specified
3 separate multiple regression models a priori with the direct
and interaction effects of condition and time on posttraumatic
stress, depressive symptoms, and somatic symptoms. All
randomized participants were included in the intention-to-treat

and per-protocol analyses. We replaced single missing item
ratings in the outcomes with the individual’s mean item rating
(n=24 had 1 missing item for the PHQ-15 at baseline, and n=1
had 1 missing value for the PHQ-15 post intervention). Missing
data for the outcomes at follow-up were assumed to be missing
at random conditional on the baseline PCL-5 scores, as dropout
was related to the baseline PCL-5 scores but not to any other
baseline variables. We addressed the missing data using multiple
imputations in the primary analyses, and we conducted
sensitivity analyses, as reported in Multimedia Appendix 4. We
included baseline posttraumatic stress as a predictor and imputed
each outcome in 500 data sets (10 iterations) with predictive
mean matching [39] (mice package v3.13.0 and miceadds
package v3.11-6). We report pooled parameter estimates across
all imputations. We calculated model-based, between-group
standardized mean differences (Cohen d) with 95% CIs on the
pooled within-group SD at baseline [40]. Negative reactions
that were caused by circumstances other than using PTSD Coach
were recorded as 0 (absent).

We conducted post hoc tests to assess whether the number of
participants who reported clinically significant improvement
or deterioration in posttraumatic stress (a 10-point difference
on the PCL-5 from baseline to follow-up) or screened positive
for PTSD (≥31 points on the PCL-5) at baseline and follow-up
differed between conditions using chi-square tests. In addition,
we explored whether remission from probable PTSD (≥31 to
<31 points) or development of probable PTSD (from <31 to
≥31 points) differed between conditions using chi-square and
Fisher exact tests.

Ethics Approval
The regional ethical review board in Uppsala, Sweden, approved
the study procedures before data collection (reference 2018/319).

Results

Overview
A total of 179 adults were included in the study, with 5
participants discontinuing participation after randomization
(Figure 1). Using Welch t test, we detected no difference in
posttraumatic stress between participants who discontinued
participation (n=5; mean 50.60, SD 18.82) and those who
completed the follow-up (n=150; mean 35.96, SD 15.90;
t4.2=1.72; P=.16). Participants who discontinued participation
did not differ in baseline depressive symptoms (t4.1=0.63; P=.56)
or somatic symptoms (t4.3=0.35; P=.75) compared with
completers. However, baseline posttraumatic stress was higher
among participants who were lost to follow-up (n=24; mean
42.96, SD 13.54) compared with completers (t34=2.29; P=.03).
Participants who were lost to follow-up did not differ in baseline
depressive (t32=0.05; P=.96) or somatic symptoms (t30=0.71;
P=.48) compared with completers.
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Figure 1. Participant flow and study procedures. PTSD: Posttraumatic Stress Disorder.

Sample Characteristics
Most participants were women who used their smartphones
daily (Table 1). The participants were on average 42.78 years
(SD 10.90 years; app access mean 43.42, SD 10.60; waitlist
mean 42.15, SD 11.21). We assessed the most severe potentially
traumatic event in the past 2 years as perceived by the
participants. Positive screening for disorders was assessed using
the Mini International Neuropsychiatric Interview (Swedish
version 7.0.0).

Most participants had experienced a potentially traumatic event
firsthand in the past 2 years (Table 1), with 38 participants (app
access: n=21; waitlist: n=17) reporting that their lifetime’s worst
potentially traumatic event occurred more than 2 years ago.
Several participants (app access=38; waitlist=39) had received
previous psychological treatment or counseling after exposure
to a potentially traumatic event. The levels of posttraumatic
stress, depressive, and somatic symptoms were moderate to
high (Table 2), and probable psychiatric disorders were common
(Table 1).
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Table 1. Demographic characteristics and clinician assessment of potentially traumatic events and current psychiatric conditions (N=179).

Waitlist (n=90), n (%)App access (n=89), n (%)Total, n (%)Characteristic

Gender

84 (93.3)80 (89.9)164 (91.6)Women

6 (6.7)9 (10.1)15 (8.4)Othera

Civil status

44 (48.9)43 (48.3)87 (48.6)Married or cohabitating

35 (38.9)39 (43.8)74 (41.3)Single

11 (12.2)7 (7.9)18 (10.1)Otherb

Completed education

46 (51.1)54 (60.7)100 (55.9)University degree

33 (36.7)26 (29.2)59 (33)Senior high school diploma (gymnasium)

11 (12.2)8 (9)20 (11.2)Otherc

Occupation

56 (62.2)59 (66.3)115 (64.3)Employed full-time or part-time

17 (18.9)15 (16.9)32 (17.9)Sick leave or unemployed

9 (10)9 (10.1)18 (10.1)Student

8 (8.9)6 (6.7)14 (7.8)Other (eg, retired)

Daily smartphone use

70 (77.8)76 (85.4)146 (81.6)>2 hours

20 (22.2)13 (14.6)33 (18.4)≤2 hours

0 (0)0 (0)0 (0)Less than daily

Exposure proximity

51 (56.7)48 (53.9)99 (55.3)Experienced

28 (31.1)21 (23.6)49 (27.4)Witnessed

11 (12.2)20 (22.5)31 (17.3)Was told or repeated exposure

Event category

21 (23.3)23 (25.8)44 (24.6)Sudden, violent, or unexpected death

18 (20)17 (19.1)35 (19.5)Physical assault or violence

18 (20)14 (15.7)32 (17.9)Sexual assault or violence

17 (18.9)9 (10.1)26 (14.5)Life-threatening illness or injury

6 (6.7)14 (15.7)20 (11.2)Accident (vehicle or other)

10 (11.1)12 (13.5)22 (12.3)Other stressful eventsd

Disorder

48 (53.3)51 (57.3)99 (55.3)PTSDe

11 (12.2)11 (12.4)22 (12.3)Subtype depersonalization or derealization

7 (7.8)5 (5.6)12 (6.7)Subtype delayed onset

41 (45.6)36 (40.4)77 (43)Suicidality (past month)f

20 (22.2)23 (25.8)43 (24)Lifetime suicide attempt

30 (33.3)27 (30.3)57 (31.8)Depressive episode (current)

33 (36.7)32 (36)65 (36.3)Anxiety disorderg

6 (6.7)12 (13.5)18 (10.1)Other conditionh
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aMen, other, or preferred not to answer.
bIn a relationship (without cohabitation) or cohabitating with parents or other adults.
cIncomplete junior or senior high school diploma or complete vocational degree.
dNatural disasters, exposure to explosions, fires, dangerous chemicals, war zones or combat, captivity, or other severe experience.
ePTSD: posttraumatic stress disorder.
f>0 points on the Mini International Neuropsychiatric Interview suicidality scale, module B.
gPanic disorder, agoraphobia, social anxiety disorder, or generalized anxiety disorder.
hBulimia nervosa, binge-eating disorder, obsessive-compulsive disorder, or substance or alcohol abuse (past 12 months).

Table 2. Clinical characteristics: observed self-rating of symptoms at baseline and after the intervention (N=179; app access: n=89; waitlist: n=90).

After the intervention, mean (SD)aBaseline, mean (SD)Symptoms and condition

Posttraumatic stress (PCL-5b)

32.33 (18.44)37.31 (15.94)All

27.47 (17.61)36.44 (16.49)App access

36.95 (18.13)38.17 (15.42)Waitlist

Depressive symptoms (PHQ-9c)

10.02 (6.90)10.88 (6.68)All

8.60 (6.07)10.65 (6.79)App access

11.36 (7.40)11.11 (6.59)Waitlist

Somatic symptoms (PHQ-15d)

11.49 (5.47)12.10 (5.56)All

10.48 (5.61)11.43 (5.83)App access

12.44 (5.19)12.77 (5.22)Waitlist

aAttrition at follow-up: n=29; app access: n=16; waitlist: n=13.
bPCL-5: Posttraumatic Symptom Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
cPHQ-9: Patient Health Questionnaire-9, depression.
dPHQ-15: Patient Health Questionnaire-15, somatic symptoms.

Confounding Factors
There was some contamination in both groups during the trial.
At follow-up, 4 participants on the waitlist reported having used
PTSD Coach (presumably the English version of the app), and
7 participants (app access=4; waitlist=3) reported using a
self-management app other than PTSD Coach. We also detected
potentially confounding factors—participants started
psychological treatment (app access=10; waitlist=10), changed
their medication (app access=8; waitlist=10), or started a new
medication (app access=10; waitlist=8). Moreover, 26 people
sought professional help, such as medical or psychological
treatment, related to their trauma (app access=17; waitlist=9)
during the intervention period. At follow-up, 17 participants
with access to the app stated that they had not used PTSD Coach.

Primary Outcome: Posttraumatic Stress
Access to PTSD Coach led to a greater decrease in posttraumatic
stress after 3 months compared with the waitlist (Figure 2 and
Table 3). The standardized mean difference was small (Cohen
d=−0.45, 95% CI −0.70 to −0.20). The results from the
sensitivity analyses per the protocol and excluding
contamination (Multimedia Appendix 4) yielded highly similar
results.

Furthermore, we explored the rates of improvement, response,
and remission (Table 4). Participants with access to the app
were more likely to show clinically significant improvement

(χ2
1,150=4.62; P=.03) and less likely to fulfill the criteria for

probable PTSD than participants on the waitlist after 3 months

(χ2
1,150=7.74; P=.005). However, we detected no difference

between conditions in remission from probable PTSD (Table
4).
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Figure 2. Posttraumatic stress from baseline to follow-up. The panels present pooled, model-based group means and 95% CIs and the distributions of
unimputed observations (N=179). PCL-5: Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition.

Table 3. Parameter estimates, SEs, and CIs for the multiple regression analyses of symptoms, condition, and time (pooled data). We imputed missing
data at follow-up (n=29) using predictive mean matching (500 data sets; 10 iterations; N=179).

P valueB (SE; 95% CI)Outcome and effect

Posttraumatic stress

<.00138.17 (1.78; 34.66 to 41.67)Intercept

.63−0.74 (1.55; −3.79 to 2.31)Time

.49−1.73 (2.53; −6.70 to 3.25)Conditiona

.001−7.23 (2.22; −11.60 to −2.85)Condition×timeb

Depressive symptoms

<.00111.11 (0.71; 9.71 to 12.51)Intercept

.650.33 (0.71; −1.07 to 1.72)Time

.65−0.46 (1.01; −2.44 to 1.52)Conditiona

.02−2.34 (1.01; −4.32 to −0.35)Condition×timeb

Somatic symptoms

<.00112.77 (0.58; 11.63 to 13.90)Intercept

.53−0.34 (0.54; −1.40 to 0.72)Time

.10−1.33 (0.82; −2.94 to 0.27)Conditiona

.35−0.72 (0.76; −2.22 to 0.79)Condition×timeb

a0=waitlist, 1=access to the PTSD Coach.
bFrom baseline to follow-up after 3 months.
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Table 4. Access to PTSD Coach, remission, deterioration, and improvement of posttraumatic stress. App access participants had access to PTSD Coach
for 3 months, whereas waitlist participants did not (n=150-179; app access: n=73-89; waitlist: n=77-90).

P value (χ2a)WaitlistApp accessOutcome

Value, NValue, n (%)Value, NValue, n (%)

.499063 (70)8957 (64)Probable PTSDb at baselinec

.0057747 (61)7327 (37)Probable PTSD at follow-upb

.217712 (16)7318 (25)Remission from PTSDd

.33776 (8)733 (4)Development of PTSDe

.037718 (23)7330 (41)Clinically significant improvementf

.067720 (26)739 (12)Clinically significant deteriorationg

aDevelopment of posttraumatic stress disorder was evaluated with the Fisher exact test.
bPTSD: posttraumatic stress disorder.
c≥31 points on the Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
dTransitioned from ≥31 to <31 points on PCL-5 from 0 to 3 months.
eTransitioned from <31 to ≥31 points on PCL-5 from 0 to 3 months.
f≥10 point decrease on Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition from 0 to
3 months.
g≥10 point increase on the Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition from 0
to 3 months.

Secondary Outcomes

Depressive and Somatic Symptoms
Access to PTSD Coach conferred a greater decrease in
depressive symptoms after 3 months compared with the waitlist
(Figure 3 and Table 3). The standardized mean difference was

small (Cohen d=−0.35, 95% CI −0.62 to −0.07). The sensitivity
analyses per protocol and excluding contamination for
depressive symptoms yielded highly similar results (Multimedia
Appendix 4). We detected no difference in somatic symptoms
based on access to PTSD Coach during 3 months (Figure 4 and
Table 3). The standardized mean difference was trivial (Cohen
d=−0.13, 95% CI −0.38 to 0.12).

Figure 3. Depressive symptoms from baseline to follow-up. The panels present pooled, model-based group means and 95% CIs and the distributions
of unimputed observations (N=179). PHQ-9: Patient Health Questionnaire-9.
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Figure 4. Somatic symptoms from baseline to follow-up. The panels present pooled, model-based group means and 95% CIs and the distributions of
unimputed observations (N=179). PHQ-15: Patient Health Questionnaire-15.

Helpfulness and Satisfaction
Among participants with access to the app, 4 did not complete
the PTSD Coach survey. Average ratings on helpfulness items
ranged from 1.29 to 2.03 (Multimedia Appendix 1), which
indicates that participants with access to PTSD Coach found
the app slightly to moderately helpful. The helpful aspects of
PTSD Coach are presented in Multimedia Appendix 5. The
average sum score on helpfulness was 23.11 (SD 14.32; n=71).
Most participants (50/69, 72%) were moderately or very satisfied
with the app (n=69, mean 2.22, SD 1.07).

Negative Effects
Only 2 participants with access to the app did not respond to
the Negative Effects Questionnaire, whereas 35 reported no
negative reactions. In total, 36 people reported 1 to 8 negative
reactions that, on average, affected them moderately (mean
2.07, SD 0.86), with an average total sum of 7.44 (SD 6.91;
n=36). The most common negative reactions with moderate to
extreme impact (Multimedia Appendix 6) were related to the
design and evaluation of PTSD Coach, such as unfulfilled
expectations on the app (14/71, 20%), its results (10/71, 14%),
and perceiving the app as unmotivating (13/71, 18%) or
confusing (8/71, 11%). Up to 13% (9/71) of participants
experienced negative reactions in the form of psychological
symptoms (Multimedia Appendix 2). Moderate to extreme
symptom-related reactions included increased stress (7/71, 10%),
arousal of distressing memories (6/71, 8%), anxiety (5/71, 7%),
and symptom deterioration (5/71, 7%). In contrast, no one
reported increased suicidality associated with the PTSD Coach
or dependency on the app (Multimedia Appendix 2). Moreover,

we detected no difference in symptom deterioration between
participants with access to the app and those on the waitlist
(Table 4).

Discussion

Principal Findings
We conclude that access to PTSD Coach during 3 months
decreased posttraumatic stress and depressive symptoms but
not somatic symptoms, as compared with a waitlist control.
Users perceived PTSD Coach as slightly to moderately helpful
and moderately satisfactory. We found no evidence of symptom
deterioration among users of PTSD Coach compared with the
waitlist, and the most commonly reported negative reactions
were related to the evaluation of the app and its design.

The participants’ severity of posttraumatic stress was
comparable [10,12] or lower [6,13,14] than the symptom burden
in previous studies. Nonetheless, the treatment effect for
posttraumatic stress was comparable with the response (range
5-11 points) observed in most previous studies [6,12-14].
Depressive symptoms decreased more than [10,14] or similarly
[6,12] to the response in previous studies. Although participants
exhibited moderate somatic symptoms, the app primarily
targeted psychological distress, which could explain the lack
of significant results. In addition, the origin of participants’
mental health and somatic symptoms may be disparate.

The perceived helpfulness and satisfaction were generally lower
than the American version of PTSD Coach [5] and greater than
in the Swedish pilot study [12]. We speculate that the
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participants’ lower ratings of helpfulness compared with their
satisfaction ratings may, in part, reflect modest expectations of
the potential benefits of a smartphone app. Nonetheless,
resolving technical issues and further cultural adaptation of the
content may improve perceived helpfulness. Similar to
participants in clinical trials of psychological treatments [36],
approximately half of the intervention participants reported at
least one negative reaction associated with using PTSD Coach.
Using PTSD Coach may have triggered trauma-related
symptoms (eg, stress, anxiety, and distressing memories), which
would counteract the app's purpose. However, 87% (62/71) did
not experience symptom-related negative reactions related to
app use. Furthermore, we detected no differences in self-rated
deterioration (clinically significant deterioration or development
of probable PTSD) in posttraumatic stress between participants
with and without access to PTSD Coach. Instead, access to the
PTSD Coach was associated with self-rated response and
recovery (ie, more instances of clinically significant
improvement and fewer cases of probable PTSD) from
posttraumatic stress compared with the waitlist.

Strengths and Limitations
Our rigorous evaluation of PTSD Coach, an app based on
accumulated clinical expertise and research, illuminates the
potential positive and negative effects of digital health
interventions for posttraumatic stress. The strength of the
procedure is that participants on the waitlist and with access to
the app received equal attention from the research team. We
opted for an inactive waitlist under genuine equipoise as to
whether PTSD Coach would be superior, and the results would
also, although imperfectly, represent the impact of access to
PTSD Coach compared with situations in which professional
care may be temporarily unavailable to increase ecological
validity; for example, during waitlist for psychological treatment
or in the aftermath of mass disaster situations. We did not
specifically restrict participants from using sources of support,
only other psychological treatments, which would reflect a
situation in which access to expert treatment is scarce, but people
use other sources of support. Nevertheless, the study design
does not permit distinguishing whether PTSD Coach might
function as a placebo, which has been discussed as a risk,
particularly in smartphone apps [41], as it would entail using a
sham or genuinely inactive app as a comparator. In addition,
some intervention participants stated that they never used PTSD
Coach, which may reflect that they did not receive the
intervention. However, some of these participants reported that
they had used the app when asked during the first week of the
intervention period. To better understand symptom improvement
in participants associated with app use, objective app data would
be beneficial. We could have ascertained that the users had
received the intervention and increased opportunities for gaining
app access by sending instructions through multiple channels
(eg, email, letter, and text).

We hope that the results of the intervention and negative effects
can aid clinicians and users in making balanced and informed
decisions about using self-management apps. We know that
negative effects occurred, but not to what extent they persisted.
Considering that the people lost to follow-up had elevated initial
symptoms of posttraumatic stress and depression, negative

reactions might be underrepresented. Assessment of negative
reactions in the waitlist condition would have enabled a
controlled comparison. Nevertheless, the questionnaires would
be dissimilar by necessity, as participants on the waitlist did not
have access to PTSD Coach.

Another strength is that we used multiple methods of assessment
at baseline and assessed both positive and negative outcomes
with psychometrically sound instruments. However, the lack
of specificity of the symptom measurement could have
introduced bias to the promising results: self-ratings on the
PCL-5 may not discriminate between posttraumatic stress and
depressive symptoms [26]. The PCL-5 has greater sensitivity
than specificity for detecting PTSD than the gold standard
clinician assessment [26]. Furthermore, the assessment of
outcomes is at risk of common method bias; for instance, the
clinician screening for PTSD (n=99) differed from self-rated
probable PTSD (n=120) at baseline. Multiple forms of
assessment (clinician-assessed and self-rated) at follow-up
would have improved the validity of the results.

Finally, retention was high, and we did not find evidence of
bias associated with missing outcome data. We acknowledge
that the predominantly female sample limits the generalizability
of the results. Still, the sample was comparable with national
estimates regarding marriage or cohabitation (59%) [42],
university education (38%-50%) [43], and employment or
studies (65%-70%) [44]. We conducted the study in an
industrialized, Western society with high rates of smartphone
ownership and tax-funded, low-cost mental health care. Similar
interventions may need adaptations to promote symptom
reduction among other genders or societal contexts.

Research Implications
In previous studies, the subjectively reported use of PTSD Coach
was unrelated to changes in outcomes [6,13]. Therefore, access
to PTSD Coach may affect symptoms by moderating processes
other than usage frequency. The speculated mechanisms of
change by using PTSD Coach include psychoeducation, coping
skills, symptom awareness, and social support, which may assist
treatment-seeking [6,7,10]. The content of PTSD Coach prompts
seeking qualified care, which, if provided, would benefit
symptom alleviation. We have limited information regarding
adherence to the intervention or use of PTSD Coach during the
trial, and future studies would benefit from recording objective
use data or contextual information, such as when and where the
use of a self-management app successfully mitigates short-term
distress. Future research into the mechanisms of change and
moderating processes would greatly advance the field and future
design of effective mobile self-management interventions for
populations in need. We also encourage others to explore the
extent and persistence of negative effects concerning
psychological or self-management interventions.

Clinical Implications
Given the observed efficacy, benefits, and harms of PTSD
Coach, an unguided self-management app has limited potential
to cure PTSD and is unlikely to replace evidence-based
psychological treatments for posttraumatic stress when such
treatment is warranted. Nevertheless, gaining access to PTSD
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Coach seems superior to no intervention. Therefore, we believe
the results support the feasibility of distributing PTSD Coach,
along with other means of support, particularly after events that
may temporarily restrict access to support or overwhelm
treatment resources, such as pandemics, mass casualty situations,
or other disasters. We speculate that access to similar content
could boost the skills and knowledge acquired in previous
counseling or treatment.

The impact of access to PTSD Coach during 3 months resulted
in a slight reduction of posttraumatic stress. Although the
average symptom reduction did not indicate a clinically
significant change in posttraumatic stress, clinically significant
improvement was more common among participants with access

to PTSD Coach. We believe that the benefits of disseminating
a free, low-intensity intervention for potentially reducing
trauma-related distress outweigh the risk of the negative effects
we recorded. Nonetheless, we advise that users are informed
about the possibility of negative effects to make an informed
choice before using apps for mental health. Moreover, to adjust
expectations, clinicians could inform users of the extent to which
PTSD Coach may be beneficial or helpful. PTSD Coach is a
low-risk, helpful, and effective intervention for reducing
posttraumatic stress and depressive symptoms. Access to PTSD
Coach may complement other psychological, medical, and social
interventions for PTSD or provide an attainable first step for
survivors of psychological trauma to learn, cope, and begin their
road to recovery.
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PHQ: Patient Health Questionnaire
PTSD: posttraumatic stress disorder
RCT: randomized controlled trial
REDCap: Research Electronic Data Capture
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Abstract

Background: Cardiac rehabilitation is central in reducing mortality and morbidity after myocardial infarction. However, the
fulfillment of guideline-recommended cardiac rehabilitation targets is unsatisfactory. eHealth offers new possibilities to improve
clinical care.

Objective: This study aims to assess the effect of a web-based application designed to support adherence to lifestyle advice and
self-control of risk factors (intervention) in addition to center-based cardiac rehabilitation, compared with cardiac rehabilitation
only (usual care).

Methods: All 150 patients participated in cardiac rehabilitation. Patients randomized to the intervention group (n=101) received
access to the application for 25 weeks where information about lifestyle (eg, diet and physical activity), risk factors (eg, weight
and blood pressure [BP]), and symptoms could be registered. The software provided feedback and lifestyle advice. The primary
outcome was a change in submaximal exercise capacity (Watts [W]) between follow-up visits. Secondary outcomes included
changes in modifiable risk factors between baseline and follow-up visits and uptake and adherence to the application. Regression
analysis was used, adjusting for relevant baseline variables.

Results: There was a nonsignificant trend toward a larger change in exercise capacity in the intervention group (n=66) compared
with the usual care group (n=40; +14.4, SD 19.0 W, vs +10.3, SD 16.1 W; P=.22). Patients in the intervention group achieved
significantly larger BP reduction compared with usual care patients at 2 weeks (systolic −27.7 vs −16.4 mm Hg; P=.006) and at
6 to 10 weeks (systolic −25.3 vs −16.4 mm Hg; P=.02, and diastolic −13.4 vs −9.1 mm Hg; P=.05). A healthy diet index score
improved significantly more between baseline and the 2-week follow-up in the intervention group (+2.3 vs +1.4 points; P=.05),
mostly owing to an increase in the consumption of fish and fruit. At 6 to 10 weeks, 64% (14/22) versus 46% (5/11) of smokers
in the intervention versus usual care groups had quit smoking, and at 12 to 14 months, the respective percentages were 55%
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(12/22) versus 36% (4/11). However, the number of smokers in the study was low (33/149, 21.9%), and the differences were
nonsignificant. Attendance in cardiac rehabilitation was high, with 96% (96/100) of patients in the intervention group and 98%
(48/49) of patients receiving usual care only attending 12- to 14-month follow-up. Uptake (logging data in the application at least
once) was 86.1% (87/101). Adherence (logging data at least twice weekly) was 91% (79/87) in week 1 and 56% (49/87) in week
25.

Conclusions: Complementing cardiac rehabilitation with a web-based application improved BP and dietary habits during the
first months after myocardial infarction. A nonsignificant tendency toward better exercise capacity and higher smoking cessation
rates was observed. Although the study group was small, these positive trends support further development of eHealth in cardiac
rehabilitation.

Trial Registration: ClinicalTrials.gov NCT03260582; https://clinicaltrials.gov/ct2/show/NCT03260582

International Registered Report Identifier (IRRID): RR2-10.1186/s13063-018-3118-1

(J Med Internet Res 2022;24(3):e25224)   doi:10.2196/25224

KEYWORDS

eHealth; cardiac rehabilitation; cardiovascular; mobile device app; risk factors; web-based application; mobile phone

Introduction

Background
Mortality rates from coronary heart disease (CHD) have
decreased in the last decades [1-3]. However, the falling
mortality rates have led to an increased number of survivors
who need support in the secondary prevention of recurrent
coronary events [3,4]. Comprehensive cardiac rehabilitation
programs, which are multidisciplinary medical and health
behavioral interventions, effectively reduce CHD morbidity
and mortality [3-7]. International guidelines strongly recommend
participation in cardiac rehabilitation and have set therapeutic
goals on risk factor and lifestyle management [7]. Cardiac
rehabilitation goals include smoking cessation, medical
management of low-density lipoprotein (LDL)-cholesterol and
blood pressure (BP), maintaining a healthy diet, and
participation in an exercise training program, also referred to
as exercise-based cardiac rehabilitation [7]. Despite clear set
goals, both attendance to cardiac rehabilitation and therapeutic
goal attainment are suboptimal [8,9].

Cardiac rehabilitation programs in Sweden hold a high standard
compared with European counterparts when it comes to
providing guideline-recommended services [10]. Moreover, in
2019, the Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease
Evaluated According to Recommended Therapies
(SWEDEHEART) registry reported that after participating in
a 1-year long cardiac rehabilitation program, patients who had
an myocardial infarction (MI) only reached target levels for
LDL-cholesterol in about 60% of cases, only 55% of smokers
were abstinent and 19% of patients had participated in
exercise-based cardiac rehabilitation programs [9]. A lack of
reaching therapeutic goals while offering
guideline-recommended services indicates that alternative
methods may be needed to improve patient outcomes.

Previous studies on eHealth cardiac rehabilitation have resulted
in noninferiority or concluded that patients benefited with regard
to lifestyle changes and risk factor management [11-20].
However, these studies have varied in sample size and follow-up
time, and more studies are needed. eHealth is of interest to the

field of cardiac rehabilitation because it has the potential to
overcome some known barriers to participation, such as
geographical distance, communication barriers, and rigid
follow-up structures, and to individualize cardiac rehabilitation
programs [4,21].

Objectives
The aim of this study is to evaluate the efficacy of a web-based
application as an addition to a comprehensive center-based
cardiac rehabilitation program, in comparison with usual care
center-based cardiac rehabilitation only. The web-based
application was designed to support adherence to lifestyle advice
and self-control of risk factors in patients who had an MI. In
the planning phase of our study, we predicted that the web-based
application would primarily affect patients’ lifestyle and with
that increased physical activity levels and exercise capacity
[22]. The benefits of increased physical activity levels and
participation in exercise-based cardiac rehabilitation are largely
mediated through an increase in physical fitness. Submaximal
exercise capacity is an objective measurement of physical fitness
and was, therefore, chosen as the primary outcome [23].

Methods

Trial Design and Framework
The protocol, which followed the principles outlined in the
Declaration of Helsinki, was approved by the Regional Ethical
Review Board at Lund University (approval 2016/5). The
protocol has been previously described in detail [22] and is
summarized here.

We conducted an unblinded parallel multicenter randomized
controlled trial (RCT) at 3 cardiac rehabilitation centers based
at university hospitals in Sweden. At the time of the study,
approximately 1200 patients aged <75 years were treated for
acute MI at the 3 study centers each year.

Participants, Recruitment, and Randomization
The inclusion criteria were age 18-74 years, having had an MI
within the last 2 weeks, owning a smartphone or having access
to the internet via a computer or tablet, and being able to handle
the software. The exclusion criteria were having an expected
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survival of <1 year, dementia, severe psychiatric illness or drug
abuse, severe physical disability limiting the patients’ ability
to participate in a center-based exercise-based cardiac
rehabilitation, inability to speak or understand the Swedish
language, and a 3-vessel or left main disease requiring coronary
artery bypass grafting. The age criterion was set to match that
applied by the SWEDEHEART registry.

Eligibility screening and study inclusion were performed within
2 weeks of an index MI while participants were admitted to a
coronary care unit at each participating hospital. Local study
coordinators (physicians, nurses, or physiotherapists) provided
eligible patients with information about the study, offered
participation, and obtained written informed consent. Once
included in the study, the participants were randomized to 1 of
the 2 study arms using opaque sealed envelopes. The envelopes,

which included information on which study group the participant
would be randomized to, were prepared by a member of the
research team and shuffled by another member. The envelopes
were thereafter sequentially numbered with unique numbers for
each recruiting site. Upon recruitment, baseline questionnaires
were administered.

Usual Care
Participants in both arms of the study were offered participation
in a comprehensive cardiac rehabilitation program at each center.
A description of the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) figure on the
content of each follow-up visit is available in the protocol [22].
In short, the cardiac rehabilitation programs consisted of five
outpatient follow-up visits: 3 visits with a nurse or physician
and 2 visits with a physiotherapist (Figure 1).

Figure 1. The follow-up of the patients who have had a myocardial infarction, in the study.

The Intervention
Participants randomized to the intervention group of the study
received access to the LifePod web-based mobile device app
(Cross Technology Solutions AB) for the first 25 weeks of the
cardiac rehabilitation program. The LifePod software contained
two separate interfaces: one for the patient and one for the
treating health care professionals (Figure 2). In the patient
interface, the patient could log information about diet, physical
activity and exercise, weight, heart rate, BP, and smoking, as

well as symptoms and intake of medication. The patient could
compare his or her own data to guideline-recommended targets
and received automated positive feedback on healthy lifestyle
choices as well as general recommendations on exercise, daily
physical activity, and healthy diet. In the medical interface
assessed by the treating cardiac rehabilitation staff, the system
ranked patients, giving high priority to, for example, patients
reporting chest pain or out-of-range BP measurements. The
medical interface was reviewed twice a week by a nurse.
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Figure 2. Screenshots of the LifePod patient interface (top) and medical interface (bottom). The software could be accessed through a smartphone,
tablet, or computer.

Data Collection
Patient outcomes were derived from the SWEDEHEART
registry. The SWEDEHEART registry is a nationwide quality
registry that records baseline characteristics, treatments,
follow-up, and outcome data of patients who have had an MI
[9]. Data collection started at the time of index MI and continued
at all follow-up visits, as shown in Figure 1. The time points
for data collection were prespecified in accordance with
standardized SWEDEHEART registry follow-up visits.
Information was collected using standardized forms that can be
downloaded from the SWEDEHEART registry webpage [24].

At the physiotherapist visits at 2 to 4 weeks and 4 to 6 months,
a submaximal exercise test on a bicycle ergometer was
performed [25,26]. During the test, heart rate, systolic BP (SBP),
perceived exertion, dyspnea, and chest pain were registered
according to the Borg rating of perceived exertion and category
ratio-10 scales [27]. The test was discontinued at Borg rating
of perceived exertion 17, dyspnea 7 on the Borg category
ratio-10 scale, or other routine discontinuation criteria for
exercise stress testing, including, for example, chest pain and
fall in SBP. At the first visit, the patients received individualized
physical activity and exercise recommendations and were invited

to participate in exercise-based cardiac rehabilitation as a part
of their comprehensive cardiac rehabilitation program.

The follow-up visits with a nurse or physician at approximately
2 weeks, 6 to 10 weeks, and 12 to 14 months focused on risk
factors and lifestyle. Fasting plasma glucose (mmol/L),
hemoglobin A1c (mmol/mol), and plasma lipids (total
cholesterol, LDL-cholesterol, high-density
lipoprotein–cholesterol, and triglycerides; mmol/L) samples
were drawn and analyzed using accredited methods at each
hospital. BP was measured using a manual sphygmomanometer
after a 5-minute rest with the patient in a sitting position. Weight

(kg) was measured in light indoor clothing, and BMI (kg/m2)
was calculated. Smoking status was self-reported. At baseline,
6 to 10 weeks, and 12 to 14 months, smoking abstinence was
defined as being smoke-free for ≥1 month. At the 2-week visit,
abstinence was defined as being abstinent at the time of the
visit. Diet was evaluated using a 4-item questionnaire adapted
from the national guidelines for the management of unhealthy
lifestyle in the general population [28]. The questions aim to
quantify the amount of vegetables, fruit, fish, and sweets
consumed. Each question had 4 possible answers, giving 0 to
3 points. The scores for each question were subsequently added,
forming the healthy diet index (0-12 points). Levels of physical
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activity were self-reported using 2 sets of questionnaires. Haskell
questions on physical activity and exercise evaluated both the
number of days during the last week [1-7] with at least 30
minutes of physical activity and the number of days during the
last week [1-7] with at least 20 minutes of exercise training
[29]. The Frändin-Grimby physical activity questionnaire aims
to evaluate the level of physical activity a person achieved in
the last week on a scale of 1 to 6, with 1 being hardly any
physical activity and 6 being regular strenuous physical activity
[30].

The data that support this study’s findings are available from
the Uppsala Clinical Research Centre, Sweden. The primary
responsibility for data monitoring, including data sharing,
integrity, and security, was assigned to the principal investigator
and local study coordinators. The trial was conducted according
to Good Clinical Practice, and data were handled according to
the Swedish Data Protection Authority and General Data
Protection Regulations.

Statistical Methods and Outcomes
With a power of 90%, a 2-sided significance level of .05, and
a mean difference of at least 10 (SD 20) W among the groups,
the estimated sample size needed was 50 participants in each
group [22]. However, the expected loss of adherence to the
web-based application led to the formation of an unequal
allocation ratio of 1:2 in the usual care group versus intervention
group.

The primary outcome was the change (δ value) in submaximal
exercise capacity, measured in Watts, between 2 submaximal
exercise tests performed at 2 to 4 weeks and at 4 to 6 months.
The secondary outcomes were changes (δ values) in dietary
habits and physical activity, as well as SBP and diastolic BP
(DBP), total cholesterol, LDL-cholesterol, high-density
lipoprotein–cholesterol, triglycerides, fasting plasma glucose,
hemoglobin A1c, and BMI. The secondary outcomes also
included smoking status and uptake and adherence to the
web-based application. Uptake was defined as the proportion
of patients who logged on to the patient interface at least once,
and adherence was defined as the proportion of patients
registering data at least twice per week on a weekly basis
throughout the 25-week intervention period. An additional

analysis on the difference in mortality and number of hospital
readmissions during the trial period was performed. Baseline
characteristics are presented as means (SDs) for normally
distributed continuous variables, medians (IQR) for nonnormally
distributed continuous variables, and as numbers and
percentages for categorical variables. Variable distribution was
assessed by visual inspection of histograms and Q–Q plots and
by calculating skewness and kurtosis; z values between −1.96
and 1.96 were used to define the normally distributed interval.
To compare outcome measures of continuous variables among
the groups, a 2-tailed Student t test or a Mann–Whitney U test
was performed. A univariate analysis of variance, adjusting for
age, gender, weight, previous CHD, and smoking status at index
MI was also performed. In the analysis of variance, the
dependent variables were the measured outcomes, and the
independent variables were the intervention and chosen
covariates. For categorical variables, a chi-square test and a
logistic regression analysis adjusting for the previously
mentioned covariates were used. For within-group comparisons,
a paired t test was used for normally distributed variables and
a Wilcoxon signed-rank test for skewed data. For all analyses,
an α level of .05, and 2-tailed testing was used. Individuals with
missing data on covariates or outcome variables were excluded
from the analysis (listwise exclusion). All data were analyzed
by using the SPSS (version 25.0; IBM Corp).

Results

Participant Recruitment and Flow
Of the 281 patients assessed for eligibility, 150 (53.4%)
consented and indicated intent to attend cardiac rehabilitation
and, if allocated to the intervention group, use the web-based
application (Figure 3). In total, 32.7% (49/150) of the patients
were allocated to the control group and 67.3% (101/150) to the
intervention group. At the end of the study period, 1 participant
in each group of the study had died. For 1 patient, the index
event diagnosis changed during follow-up from MI to cardiac
amyloidosis, and the patient was excluded from the analysis.
Of the 150 patients, 3 (2%) did not attend their follow-up visits
at 12 to 14 months after MI and were classified as lost to
follow-up.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e25224 | p.463https://www.jmir.org/2022/3/e25224
(page number not for citation purposes)

Ögmundsdóttir Michelsen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 3. A flowchart displaying the recruitment process and flow of participants in the usual care and intervention groups.

Patient inclusion started in April 2016 and was finalized in April
2018. The follow-up period was completed in June 2019.

Baseline Characteristics
Baseline characteristics are presented in Table 1. The
intervention group had a slightly higher prevalence of cardiac

comorbidities at baseline including a higher mean SBP and were
more often taking cardioprotective medication compared with
the usual care group. In addition, a proportionally higher number
of patients in the intervention group had an ST elevation MI.
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Table 1. Baseline characteristics.a

Usual care (n=49)Intervention (n=100)Parameters

61.1 (8.6)60.0 (8.9)Age (years), mean (SD)

36 (73)84 (84)Male gender, n (%)

11 (22)22 (22)Active smoker, n (%)

Physiological measures

142.9 (25.5)150.0 (27.6)SBPb (mm Hg), mean (SD)

86.8 (14.8)88.5 (14.6)DBPc (mm Hg), mean (SD)

104.5 (13.9)104.9 (12.9)Waist circumference (cm), mean (SD)

85.3 (16.2)86.3 (15.1)Weight (kg), mean (SD)

27 (25-29)27 (25-30)BMI (kg/m2), median (IQR)

Laboratory measures

4.9 (1.1)4.7 (1.1)Total cholesterol (mmol/L), mean (SD)

3 (1.0)2.8 (0.9)LDLd-cholesterol (mmol/L), mean (SD)

1.4 (1.0-1.9)1.4 (0.9-2.1)Triglycerides (mmol/L), median (IQR)

1.2 (0.9-1.4)1.2 (0.9-1.4)HDLe-cholesterol (mmol/L), median (IQR)

7.1 (6.2-8.9)7.5 (6.4-9.2)Fasting plasma glucose (mmol/L), median (IQR)

39 (36.0-42.0)38 (34.5-41.0)HbA1c
f (mmol/mol), median (IQR)

Previous disease, n (%)

6 (12)18 (18)Ischemic heart disease (previous MIg, PCIh, or CABGi)

0 (0)5 (5)Heart failure

6 (12)9 (9)Diabetes mellitus

17 (34)42 (42)Hypertension

Medication on hospital admission, n (%)

12 (24)36 (36)ACEij or ARBk

5 (10)24 (24)Statins

5 (10)18 (18)Acetylsalicylic acid

7 (14)19 (19)β-blockers

Medication at hospital discharge, n (%)

46 (93)95 (95)ACEi or ARB

47 (95)100 (100)Statins

49 (100)100 (100)DAPTl

43 (87)89 (89)β-blockers

Type of MI, n (%)

24 (48)59 (59)STEMIm

24 (48)41 (41)NSTEMIn

aData are presented as n (%), mean (SD), or median (IQR).
bSBP: systolic blood pressure.
cDBP: diastolic blood pressure.
dLDL: low-density lipoprotein.
eHDL: high-density lipoprotein.
fHbA1c: glycated hemoglobin A1c.
gMI: myocardial infarction.
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hPCI: percutaneous coronary intervention.
iCABG: coronary artery bypass grafting.
jACEi: angiotensin-converting enzyme inhibitor.
kARB: angiotensin II receptor blocker.
lDAPT: dual antiplatelet therapy.
mSTEMI: ST elevation myocardial infarction.
nNSTEMI: non-ST elevation myocardial infarction.

Primary Outcome
Because of missing data at the first or second follow-up with a
physiotherapist, only 82% (40/49) of participants in the usual
care group and 66% (66/100) in the intervention group qualified
for analyses of the primary outcome.

Both groups increased their submaximal exercise capacity
significantly between the first and second follow-up
measurements (Figure 4). The intervention group increased their
exercise capacity from 96.3 (SD 29.4) W to 110.8 W (SD 33.7
W; P<.001) and the corresponding values for the usual care
group were 96.1 (SD 33.7) W to 106.5 W (SD 37.3 W; P<.001).

Figure 4. A boxplot of the change in submaximal exercise capacity in the intervention group and the usual care group. The difference in change in
exercise capacity among the groups was nonsignificant.

There was no significant difference in the change in exercise
capacity between the intervention group and the usual care group
(+14.4, SD 19.0 W vs +10.3, SD 16.1 W; crude 95% CI −11.2
to 3.0, P=.26; adjusted 95% CI −12.0 to 2.8, P=.22) at
follow-up. The variation in the observed difference fell within
the expected limits of +20 W to −20 W.

Secondary Outcomes
The secondary outcomes are shown in Tables 2-4. Crude
analyses showed that at the 2-week follow-up, there was a

significantly larger decrease in SBP in the intervention group
than that in the usual care group. SBP remained lower in the
intervention group than in the usual care group for the remainder
of the follow-ups; however, the difference among the groups
was nonsignificant. In the adjusted analysis, the decrease in
SBP was significantly larger in the intervention group between
baseline and 2 weeks and for both SBP and DBP between
baseline and 6 to 10 weeks (Figure 5).
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Table 2. Secondary outcome measures at the 2-week follow-up.a

P value for differ-

ence adjustedb
P value for differ-
ence crude

Usual careInterventionCharacteristics

Change from
baseline

ValuesChange from
baseline

Values

Risk factors

.006.02−16.4 (24.1)127.3 (13.9)−27.7 (27.6)123.4 (17.4)SBPc (mm Hg), mean (SD)

.40.43−11.1 (15.1)76.1 (10.2)−13.1 (13.0)76.0 (10.4)DBPd (mm Hg), mean (SD)

.77e.34−0.1 (−0.7 to
0.6)

27.8 (24.8 to
30.8)

−0.3 (−0.9 to
0.5)

27.1 (24.6 to
31.7)

BMI (kg/m2), median (IQR)

Self-reported parameters, mean (SD)

.94.810.4 (0.8)2.2 (1.0)0.4 (0.9)2.2 (0.9)Vegetable consumption

.03.030.2 (1.0)2.2 (0.9)0.7(1.0)2.3 (0.7)Fruit consumption

.02.030.4 (0.8)1.7 (1.0)0.8 (1.0)1.9 (1.0)Fish consumption

.99.990.5 (0.9)2.4 (0.7)0.5 (0.9)2.4 (0.8)Consumption of sweets

.03.051.4 (2.3)8.3 (2.1)2.3 (2.1)8.7 (2.1)Healthy diet index

aNumbers are presented as mean (SD), median (q1, q3), and P values. Crude and adjusted P values are shown for the differences in mean or median
change (δ) between baseline and 2-week follow-up, comparing the intervention and usual care groups.
bAdjusted for gender, age, weight, previous heart disease, and smoking status at the time of the index event.
cSBP: systolic blood pressure.
dDBP: diastolic blood pressure.
eNot adjusted for weight.

The healthy diet index scores improved to a significantly larger
extent between baseline and the 2-week follow-up in the
intervention group than in the usual care group, mostly because
of an increase in the consumption of fish and fruit (Table 2).
However, this improvement was not sustained for the rest of
the follow-up period (Tables 3 and 4).

There were no significant differences in self-reported physical
activity among the groups. Results from the Haskell questions
on physical activity and exercise [29] showed a mean change
in number of days of performing at least 30 minutes of physical
activity between baseline and the first follow-up with a
physiotherapist at 2 to 4 weeks, which was 3.1 days (SD 2.2
days) for the intervention group and 2.5 days (SD 2.3 days) for
the usual care group (adjusted P=.13). The corresponding
numbers between baseline and the second follow-up with a
physiotherapist at 4 to 6 months were 2.6 days (SD 2.6 days)
and 1.8 days (SD 2.2 days) for the intervention and control
groups, respectively (adjusted P=.08). The mean change in the
number of days performing at least 20 minutes of exercise
training between baseline and the first follow-up with a
physiotherapist was 0.2 days (SD 2.0 days) for the intervention
group and 0.1 days (SD 1.7 days) for the control group (adjusted

P=.76), and the corresponding numbers between baseline and
the second follow-up were 1.2 days (SD 2.2 days) and 1.3 days
(SD 2.4 days) for the intervention and control groups,
respectively (adjusted P=.79).

According to the Frändin-Grimby physical activity questionnaire
[30], the mean change in the level of physical activity a person
achieved in the last week between baseline and the first
follow-up with a physiotherapist at 2 to 4 weeks was 0.1 (SD
1.0) point in the intervention group and 0.3 (SD 1.0) point for
the usual care group (adjusted P=.21). The mean change between
baseline and the second follow-up visit with a physiotherapist
at 4- to 6-month visit was 0.6 (SD 1.2) in the intervention group
and 0.8 (SD 1.1) in the usual care group (adjusted P=.46).

A total of 33 smokers were included in the trial, 22 in the
intervention group and 11 in the usual care group. At the 2-week
follow-up, 64% (14/22) of smokers in the intervention group
and 55% (6/11) of smokers in the usual care group reported
being abstinent from smoking (adjusted P=.76). At 6 to 10
weeks, the numbers were 64% (14/22) vs 46% (5/11; adjusted
P=.24), and at 12 to 14 months, they were 55% (12/22) vs 36%
(4/11; adjusted P=.74), for the intervention and control groups,
respectively.
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Table 3. Secondary outcome measures at the 6- to 10-week follow-up.a

P value for difference

adjustedb
P value for differ-
ence crude

Usual careInterventionCharacteristics

Change from
baseline

ValuesChange from
baseline

Values

Risk factors

.02.08−16.5 (27.4)127.1 (13.3)−25.3 (27.4)123.6 (14.8)SBPc (mm Hg), mean (SD)

.05.11−9.1 (13.4)77.8 (8.7)−13.4 (15.6)75.3 (10.0)DBPd (mm Hg), mean (SD)

.39e.77−0.2 (−1.3 to
0.3)

27.0 (24.3 to
29.9)

−0.3 (−1.1 to
0.3)

26.3 (24.0 to
29.0)

BMI (kg/m2), median (IQR)

.37.48−1.6 (0.9)3.3 (0.6)−1.5 (1.1)3.3 (0.8)Total cholesterol (mmol/L),
mean (SD)

.24.28−1.5 (0.8)1.5 (0.4)−1.4 (0.9)1.5 (0.6)LDLf-cholesterol (mmol/L),
mean (SD)

.93.800.1 (−0.1 to 0.3)1.2 (1.0 to
1.5)

0.1 (−0.1 to 0.2)1.1 (0.9 to
1.5)

HDLg-cholesterol (mmol/L),
median (IQR)

.99.93−0.3 (−0.7 to
0.0)

1.1 (0.8 to
1.4)

−0.3 (−0.8 to
0.0)

1.0 (0.8 to
1.5)

Triglycerides (mmol/L), medi-
an (IQR)

.47.81−0.9 (−2.8 to
−0.2)

6.2 (5.6 to
7.0)

−1.4 (−3.3 to
−0.3)

6.1 (5.8 to
6.8)

Fasting plasma glucose
(mmol/L), median (IQR)

Self-reported parameters, mean (SD)

.65.740.4 (1.1)2.2 (0.7)0.3 (0.8)2.2 (0.7)Vegetable consumption

.36.290.5 (1.1)2.3 (0.7)0.6 (1.0)2.3 (0.7)Fruit consumption

.18.400.8 (1.1)2.0 (0.9)0.9 (1.1)2.1 (1.0)Fish consumption

.22.270.5 (1.1)2.3 (0.9)0.3 (0.9)2.3 (0.9)Consumption of sweets

.77.822.1 (2.6)8.8 (1.7)2.2 (2.3)8.9 (2.0)Healthy diet index

aNumbers are presented as mean differences (SD), median differences (IQR), and P values. Crude and adjusted P values are shown for the differences
in mean or median change (δ) between baseline and 6- to 10-week follow-up, comparing the intervention and usual care groups.
bAdjusted for gender, age, weight, previous heart disease, and smoking status at the time of the index event.
cSBP: systolic blood pressure.
dDBP: diastolic blood pressure.
eNot adjusted for weight.
fLDL: low-density lipoprotein.
gHDL: high-density lipoprotein.
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Table 4. Secondary outcome measures at 12- to 14-month follow-up.a

P value for differ-

ence adjustedb
P value for differ-
ence crude

Usual careInterventionCharacteristics

Change from
baseline

ValuesChange from
baseline

Values

Risk factors

.09.22−17.0 (28.3)126.5 (13.7)−24.0 (31.1)126.9 (16.0)SBPc (mm Hg), mean (SD)

.49.69−11.3 (17.1)75.7 (9.2)−12.6 (17.6)76.1 (10.9)DBPd (mm Hg), mean (SD)

.35e.57−0.5 (−1.2 to
0.8)

27.1 (24.8 to
29.1)

−0.3 (−1.3 to
1.0)

26.4 (23.6 to
30.1)

BMI (kg/m2), median (IQR)

.30.41−1.5- (1.1)3.5 (0.8)−1.3 (1.2)3.5 (0.9)Total cholesterol (mmol/L), mean
(SD)

.21.20−1.4 (1.0)2.0 (0.9)−1.2 (1.1)2.1 (1.0)LDLf-cholesterol (mmol/L), mean
(SD)

.77.890.1 (0.0 to 0.3)1.3 (1.0 to
1.5)

0.1 (0.0 to 0.3)1.2 (1.0 to
1.5)

HDLg-cholesterol (mmol/L), medi-
an (IQR)

.98.48−0.3 (−0.8 to
0.8)

1.2 (0.8 to
1.5)

−0.3 (−0.9 to
0.0)

1.0 (0.7 to
1.4)

Triglycerides (mmol/L), median
(IQR)

.48.45−1.4 (−2.7 to
2.0)

6.0 (5.5 to
6.5)

−1.5 (−3.3 to
−0.2)

6.0 (5.6 to
6.7)

Fasting plasma glucose (mmol/L),
median (IQR)

.40.682.0 (−2.0 to 3.8)38.0 (37.0 to
43.0)

1.0 (−0.2 to 3.0)40.0 (36.0 to
43.0)

HbA1c
h (mmol/mol), median

(IQR)

Self-reported parameters, mean (SD)

.77.670.2 (0.7)2.0 (0.8)0.3 (1.0)2.1 (0.8)Vegetable consumption

.99.920.3 (0.9)2.2 (0.8)0.3 (0.8)2.0 (0.8)Fruit consumption

.66.700.7 (1.0)2.0 (0.9)0.6 (1.0)1.8 (1.1)Fish consumption

.37.450.3 (1.1)2.1 (0.9)0.4 (1.0)2.3 (0.8)Consumption of sweets

.45.691.4 (2.2)8.2 (1.8)1.6 (2.2)8.2 (2.1)Healthy diet index

aNumbers are presented as mean differences (SD), median differences (q1, q3), and P values. Crude and adjusted P values are shown for the differences
in mean or median change (δ) between baseline and 12- to 14-month follow-up, comparing the intervention and usual care groups.
bAdjusted for gender, age, weight, previous heart disease, and smoking status at the time of the index event.
cSBP: systolic blood pressure.
dDBP: diastolic blood pressure.
eNot adjusted for weight.
fLDL: low-density lipoprotein.
gHDL: high-density lipoprotein.
hHbA1c: glycated hemoglobin A1c.
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Figure 5. Decrease in systolic and diastolic blood pressure between baseline and follow-up visits (absolute values). P values are adjusted for gender,
age, weight, previous coronary heart disease, and smoking status at the time of the index event.

Uptake and Adherence
Attendance to the cardiac rehabilitation program was generally
high. A total of 93% (93/100) of patients in the intervention
group attended the first follow-up visit with a physiotherapist,
and 71% (71/100) attended the second. The corresponding
percentages for the usual care group were 98% (48/49) and 86%
(42/49). However, only 66% (66/100) of patients in the
intervention group and 82% (40/49) of patients in the usual care
group performed a submaximal exercise test at both visits.

A total of 92% (92/100) of patients in the intervention group
attended the 6- to 10-week follow-up and 96% (96/100) attended
the 12- to 14-month follow-up, and the corresponding numbers
for the usual care group were 98% (48/49) for both follow-up
visits.

Uptake to the web application was 86.1% (87/101). Adherence
(the proportion of the 87 patients who continued to log data at
least twice per week) declined during the trial period, from its
highest of 91% (79/87) at week 1 to 56% (49/87) at week 25
(Figure 6).
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Figure 6. Percentage of patients logging data to the web-based application at least twice weekly.

The most frequent parameters to be logged to the web-based
application by patients in the intervention group were intake of
medication and consumption of vegetables, followed by physical
activity (Multimedia Appendix 1).

Additional Analysis
There was no difference in the frequency of deaths due to any
cause (n=1 in each group, P=.62). The frequencies of
rehospitalizations during the 12- to 14-month follow-up period
were also similar among the groups. In total, 22% (22/100) of
the patients in the intervention group and 27% (13/49) of the
patients in the usual care group were rehospitalized due to any
cause (P=.58), and 8% (8/100) versus 4% (2/49) of the patients
were hospitalized due to ischemic heart disease (P=.35).

Discussion

Principal Findings
In our study, evaluating the effects of a web-based application
as an addition to usual care cardiac rehabilitation as compared
with usual care alone, we found that there was a trend toward
better exercise capacity in the intervention group; however, this
was not statistically significant. On the other hand, the patients
receiving access to the web-based application had a significantly
reduced SBP at the first 2 follow-up visits, a reduced DBP at
the second follow-up visit, and an initial increase in intake of
fish and fruit. Although cardiac rehabilitation attendance was
high in both groups, adherence to the web-based application
declined over time.

After the baseline exercise test, all patients in our study received
individualized physical activity recommendations and an
individualized exercise prescription and were invited to
participate in exercise-based cardiac rehabilitation based at the
cardiac rehabilitation center. Those in the intervention group
were, in addition, advised to rate their perceived exertion and
time spent in exercise and log the information on the web-based
application, after which they would receive automated positive
feedback. Although attendance to physiotherapy follow-up visits
was high, not all patients completed the submaximal exercise
tests. The reasons for noncompletion were not officially
documented, but according to clinical experience, reasons often
include common cold, leg or joint pain, and perceived inability
to exercise. During follow-up, both groups had a significant
improvement in submaximal exercise capacity and, although
not significant, there was a 4.1 W difference among the groups
in favor of the intervention group. Increased physical activity
levels using telehealth in cardiac rehabilitation have been
demonstrated in previous studies. A recent meta-analysis showed
that this applied especially to studies where telehealth was used
as an adjunct to comprehensive cardiac rehabilitation [16]. The
web-based application in our study did not specifically provide
feedback on adherence to the exercise-based cardiac
rehabilitation program but rather to increase physical activity
levels in general, which may perhaps partly explain the lack of
significant differences in exercise capacity among the groups.

The benefit of the combination of involvement of health care
professionals with eHealth has been shown to be beneficial in
studies addressing cardiovascular risk factors [31-33]. For
example, a recent RCT found that participants using an
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exercise-focused smartphone app had better fitness levels
(measured by maximal oxygen consumption or VO2peak)
compared with usual care after a follow-up at the 1-year
postcardiac rehabilitation [32]. The information that participants
logged into the smartphone app was monitored by a
physiotherapist who provided personal feedback. Adherence to
the smartphone app was high, and participants felt that they
reported to an individual involved in their care rather than a
database or a robot. This knowledge can be used in the design
of future studies aiming to increase the exercise-based cardiac
rehabilitation adherence with the overall aim of increasing
patients’ physical fitness.

Most patients who had an MI were already on a regime of
cardioprotective medication when discharged from the hospitals
(Table 1). Despite this, a significant difference in BP control
was observed among the groups, in favor of the intervention
group. In our crude analysis, patients in the intervention group
had a significantly larger SBP decrease between baseline and
the 2-week follow-up. A numerical but nonsignificant difference
among the groups then remained throughout the trial period.
After adjusting for relevant covariates, the observed differences
in BP control increased, in favor of the intervention group, and
included a significant difference in SBP and DBP decrease
between baseline and the 6- to 10-week follow-up. Patients in
the intervention group achieved an 11.3 mm Hg larger decrease
in SBP between baseline and the 2-week follow-up compared
with patients in the usual care group, the difference being 8.8
mm Hg at the 6 to 10-week follow-up and 7.0 mm Hg at the
12- to 14-month follow-up. The choice of covariates was based
on observed differences in baseline characteristics, which
indicated a higher comorbidity in the intervention group. As
such, not adjusting for baseline differences could have masked
a difference among the groups. Hypertension is a predominant
risk factor for CHD morbidity and mortality [7]. Previous
meta-analyses have shown that a 10 mm Hg reduction in SBP
reduces the risk of future CHD events by 22%, irrespective of
the method of BP reduction [34]. Given the magnitude of the
observed decrease in BP in our study, the difference is likely
to have some clinical benefit. An improvement in reaching BP
goals when having access to a web-based application as an aid
in cardiac rehabilitation is in line with previous studies
[11-13,20,35]. For example, Widmer et al [35] also
demonstrated a substantial BP difference, with patients who
after a percutaneous coronary intervention received digital health
intervention (web-based or smartphone-based) as a complement
to traditional cardiac rehabilitation having significant
improvements in SBP (−10.8 mm Hg, P<.001 vs −6.1 mm Hg,
P=.36) at a 3-month follow-up. Because intake of medication
was the most frequently logged parameter in the web-based
application, one possible reason for improved BP values in the
intervention group might be an increased compliance to
antihypertensive medication. Increased adherence to medication
has been demonstrated in a previous study on a web-based
application in cardiac rehabilitation [36]. In addition, increased
patient engagement with self-monitoring has been shown to
improve BP control [37,38]. The difference in BP among the
groups declined throughout the trial period. One reason might
be that adherence to behavioral recommendations has been seen

to decline over time in cardiac rehabilitation, or it could have
something to do with decreasing adherence to the web-based
application which is a known methodological challenge within
eHealth [11,39]. As there was no measurement done at the end
of the 25-week intervention period, we do not know exactly
when the differences attenuated.

We also observed a significant beneficial effect on healthy
dietary choices. During the first 2 weeks of follow-up, patients
in the intervention group had a significantly higher score on the
health diet index and higher intake of fish and fruit. Following
a healthy diet rich in healthy oils and plant-based food has been
shown to reduce cardiovascular events [40]. Previous studies
on eHealth in cardiac rehabilitation have shown both
improvement and no effect on dietary habits [15,16,41]. Here,
the data were self-reported, which has considerable limitations,
and the results should be interpreted with caution [42].

Smoking is a leading cause of preventable death globally and
is a strong risk factor for CHD [7]. There was a numerical
difference in the number of smokers who reported being
abstinent at the follow-up visits, but owing to the low number
of smokers in our study population, the differences were not
statistically significant. In addition, whether the numerical
difference was due to the intervention or chance finding cannot
be stated. However, telehealth interventions in cardiac
rehabilitation have been shown to reduce the likelihood of
smoking by 23%, giving promise to using eHealth as a tool to
tackle this important risk factor [16].

Adherence to eHealth
eHealth has the potential to improve participation and adherence
to cardiac rehabilitation programs by including patients more
actively in their own care and increasing flexibility and
accessibility [21]. In our study, although uptake to the web-based
application was high, adherence declined over time, with just
over half of the users logging data at least twice weekly at the
end of the 25-week intervention period. The main reason for
limiting the intervention time to 25 weeks was to harmonize
the intervention length with usual care, as most usual care
cardiac rehabilitation interventions take place during the first
6 months after MI (nurse and physiotherapist visits, exercise
training sessions, and patient education). In addition, patients
usually have the highest level of motivation for lifestyle changes
during the first months after MI [39]. The last reason was that
adherence to eHealth interventions in cardiac rehabilitation has
been shown to attenuate over time (weeks to months) [11,43].
In our study, reported reasons for stopping the use of the
web-based application were mostly related to stress, some
experienced a lack of feedback and some experienced too much
feedback. User attrition in studies on eHealth is a well-known
methodological challenge, with attrition rates reaching up to
60% to 80% [43]. High attrition rates can make it difficult to
measure an intervention’s effect and subsequently threaten both
internal and external study validity [44,45]. Van der Mispel et
al [44] studied user and website characteristics related to
attrition. They demonstrated that attrition was higher for men
and younger adults, as well as for less interactive components
of the studied application. Buys et al [46] reported a general
interest in technology-enabled home-based cardiac rehabilitation
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among patients with cardiovascular disease. Their study
demonstrated that patients with different characteristics were
interested in different types of technology-based cardiac
rehabilitation; for example, older patients were more interested
in web-based options, and younger patients were more interested
in app-based cardiac rehabilitation. They also looked at which
parts of cardiac rehabilitation patients wanted to have
technology-based options, including ideas on exercise, healthy
meals, and stress management. This indicates that even if
technology-based cardiac rehabilitation aims to make traditional
programs more flexible and individualized, even the technology
platforms need to be adjusted to individual needs for optimum
effect.

Strengths and Limitations
In our study, we used data collected through standardized
protocols from the SWEDEHEART registry [9,47]. The registry
is well established in Swedish cardiac rehabilitation centers and
is used daily by personnel. At the time of the study,
SWEDEHEART nationwide coverage was >75%, registering
eligible cases from 97% of Swedish hospitals. Data quality is
regularly monitored, showing >95% agreement with data from
hospital records [48]. Using SWEDEHEART prespecified time
points for follow-up and procedures provided a standardization,
which otherwise can be a challenge in multicenter trials. Cardiac

rehabilitation program attendance was high, and few participants
were lost on follow-up.

The study was unblinded. Although blinding is preferred in
RCTs, it is difficult to blind patients and health care providers
in eHealth interventions. The follow-up data do not include
information on the use of commercial web-based applications
by the patients in the usual care group. The age limit considered
in this study may restrict generalizability to all age groups.
There might have been some selection bias, where more
motivated patients would be more likely to agree to participate
in a study using digital technology, requiring active
participation. When interpreting the results, one should keep in
mind the potential sources of inaccuracy in point BP
measurements, which is a known source of bias in the clinical
setting [49].

Conclusions
Digital technologies provide new opportunities in health care.
Our results add to existing evidence and suggest that
complementing comprehensive cardiac rehabilitation programs
with a web-based application may positively affect risk factor
outcomes and lifestyle, including BP and dietary choices. In
addition, web-based technologies can be used to make cardiac
rehabilitation programs more flexible and individualized, but
further efforts should be invested to find ways to improve patient
adherence to the platforms.

 

Acknowledgments
The study was funded by the Faculty of Medicine at Lund University, The Department of Coronary Care at Skåne University
Hospital Centre of Excellence in Skåne Funds, and Avtal om Läkarutbildning och Forskning Grants County Council of Västerbotten.
This study was partially sponsored by Cross Technology Solutions AB. The funding party had no role in design of the study,
analysis of data, or writing of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Percentage of reports per parameter in the web-based application.
[DOCX File , 16 KB - jmir_v24i3e25224_app1.docx ]

Multimedia Appendix 2
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1222 KB - jmir_v24i3e25224_app2.pdf ]

References
1. Nowbar AN, Gitto M, Howard JP, Francis DP, Al-Lamee R. Mortality from ischemic heart disease. Circ Cardiovas Qual

Outcomes 2019 Jun;12(6):e005375. [doi: 10.1161/circoutcomes.118.005375]
2. Townsend N, Nichols M, Scarborough P, Rayner M. Cardiovascular disease in Europe--epidemiological update 2015. Eur

Heart J 2015 Oct 21;36(40):2696-2705. [doi: 10.1093/eurheartj/ehv428] [Medline: 26306399]
3. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, et al. Explaining the decrease in U.S. deaths from

coronary disease, 1980–2000. N Engl J Med 2007 Jun 07;356(23):2388-2398. [doi: 10.1056/nejmsa053935]
4. Ambrosetti M, Abreu A, Corrà U, Davos C, Hansen D, Frederix I, et al. Secondary prevention through comprehensive

cardiovascular rehabilitation: from knowledge to implementation. 2020 update. A position paper from the Secondary
Prevention and Rehabilitation Section of the European Association of Preventive Cardiology. Eur J Prev Cardiol 2020 Apr
07:2020. [doi: 10.1177/2047487320913379] [Medline: 33611446]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e25224 | p.473https://www.jmir.org/2022/3/e25224
(page number not for citation purposes)

Ögmundsdóttir Michelsen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i3e25224_app1.docx&filename=a0b61ae8c73e97b02110274e28804736.docx
https://jmir.org/api/download?alt_name=jmir_v24i3e25224_app1.docx&filename=a0b61ae8c73e97b02110274e28804736.docx
https://jmir.org/api/download?alt_name=jmir_v24i3e25224_app2.pdf&filename=15402d694b18957bf63405497b88e1a8.pdf
https://jmir.org/api/download?alt_name=jmir_v24i3e25224_app2.pdf&filename=15402d694b18957bf63405497b88e1a8.pdf
http://dx.doi.org/10.1161/circoutcomes.118.005375
http://dx.doi.org/10.1093/eurheartj/ehv428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26306399&dopt=Abstract
http://dx.doi.org/10.1056/nejmsa053935
http://dx.doi.org/10.1177/2047487320913379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33611446&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Wood D, Kotseva K, Connolly S, Jennings C, Mead A, Jones J, et al. Nurse-coordinated multidisciplinary, family-based
cardiovascular disease prevention programme (EUROACTION) for patients with coronary heart disease and asymptomatic
individuals at high risk of cardiovascular disease: a paired, cluster-randomised controlled trial. Lancet 2008
Jun;371(9629):1999-2012. [doi: 10.1016/s0140-6736(08)60868-5]

6. Piepoli MF, Corrà U, Adamopoulos S, Benzer W, Bjarnason-Wehrens B, Cupples M, et al. Secondary prevention in the
clinical management of patients with cardiovascular diseases. Core components, standards and outcome measures for
referral and delivery: a policy statement from the cardiac rehabilitation section of the European Association for Cardiovascular
Prevention and Rehabilitation. Endorsed by the Committee for Practice Guidelines of the European Society of Cardiology.
Eur J Prev Cardiol 2014 Jun 20;21(6):664-681. [doi: 10.1177/2047487312449597] [Medline: 22718797]

7. Piepoli MF. 2016 European guidelines on cardiovascular disease prevention in clinical practice: the sixth joint task force
of the European society of cardiology and other societies on cardiovascular disease prevention in clinical practice (constituted
by representatives of 10 societies and by invited experts). Int J Behav Med 2017 Jun 13;24(3):321-419. [doi:
10.1007/s12529-016-9583-6] [Medline: 28290077]

8. Kotseva K, Wood D, De Bacquer D, De Backer G, Rydén L, Jennings C, EUROASPIRE Investigators. EUROASPIRE
IV: a European Society of Cardiology survey on the lifestyle, risk factor and therapeutic management of coronary patients
from 24 European countries. Eur J Prev Cardiol 2016 Apr;23(6):636-648. [doi: 10.1177/2047487315569401] [Medline:
25687109]

9. Jernberg T, Boberg B, Bäck M, Dahlbom L, Erlinge D, Friberg O. SWEDEHEART Årsrapport 2019. Uppsala Clinical
Research Center, UCR. 2020. URL: https://www-ucr-uu-se.translate.goog/swedeheart/
arsrapport?_x_tr_sl=sv&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc [accessed 2022-02-11]

10. Michelsen HO, Sjölin I, Schlyter M, Hagström E, Kiessling A, Henriksson P, et al. Cardiac rehabilitation after acute
myocardial infarction in Sweden - evaluation of programme characteristics and adherence to European guidelines: the
Perfect Cardiac Rehabilitation (Perfect-CR) study. Eur J Prev Cardiol 2020 Jan 26;27(1):18-27. [doi:
10.1177/2047487319865729] [Medline: 31349776]

11. Blasco A, Carmona M, Fernández-Lozano I, Salvador C, Pascual M, Sagredo P, et al. Evaluation of a telemedicine service
for the secondary prevention of coronary artery disease. J Cardiopulm Rehabil Prev 2012;32(1):25-31. [doi:
10.1097/HCR.0b013e3182343aa7] [Medline: 22113368]

12. Pietrzak E, Cotea C, Pullman S. Primary and secondary prevention of cardiovascular disease: is there a place for Internet-based
interventions? J Cardiopulm Rehabil Prev 2014;34(5):303-317. [doi: 10.1097/HCR.0000000000000063] [Medline: 25079147]

13. Varnfield M, Karunanithi M, Lee C, Honeyman E, Arnold D, Ding H, et al. Smartphone-based home care model improved
use of cardiac rehabilitation in postmyocardial infarction patients: results from a randomised controlled trial. Heart 2014
Nov 27;100(22):1770-1779 [FREE Full text] [doi: 10.1136/heartjnl-2014-305783] [Medline: 24973083]

14. Neubeck L, Redfern JU, Fernandez R, Briffa T, Bauman A, Freedman SB. Telehealth interventions for the secondary
prevention of coronary heart disease: a systematic review. Eur J Cardiovas Preven Rehabil 2009 Jun;16(3):281-289. [doi:
10.1097/hjr.0b013e32832a4e7a]

15. Brørs G, Pettersen TR, Hansen TB, Fridlund B, Hølvold LB, Lund H, et al. Modes of e-Health delivery in secondary
prevention programmes for patients with coronary artery disease: a systematic review. BMC Health Serv Res 2019 Jun
10;19(1):364 [FREE Full text] [doi: 10.1186/s12913-019-4106-1] [Medline: 31182100]

16. Jin K, Khonsari S, Gallagher R, Gallagher P, Clark AM, Freedman B, et al. Telehealth interventions for the secondary
prevention of coronary heart disease: a systematic review and meta-analysis. Eur J Cardiovasc Nurs 2019 Apr
22;18(4):260-271. [doi: 10.1177/1474515119826510] [Medline: 30667278]

17. Burke LE, Ma J, Azar KM, Bennett GG, Peterson ED, Zheng Y, et al. Current science on consumer use of mobile health
for cardiovascular disease prevention. Circulation 2015 Sep 22;132(12):1157-1213. [doi: 10.1161/cir.0000000000000232]

18. Beatty AL, Fukuoka Y, Whooley MA. Using mobile technology for cardiac rehabilitation: a review and framework for
development and evaluation. J Am Heart Assoc 2013 Nov 18;2(6):e000568. [doi: 10.1161/jaha.113.000568]

19. Widmer RJ, Senecal C, Allison TG, Lopez-Jimenez F, Lerman LO, Lerman A. Dose-response effect of a digital health
intervention during cardiac rehabilitation: subanalysis of randomized controlled trial. J Med Internet Res 2020 Feb
26;22(2):e13055 [FREE Full text] [doi: 10.2196/13055] [Medline: 32130116]

20. Indraratna P, Tardo D, Yu J, Delbaere K, Brodie M, Lovell N, et al. Mobile phone technologies in the management of
ischemic heart disease, heart failure, and hypertension: systematic review and meta-analysis. JMIR Mhealth Uhealth 2020
Jul 06;8(7):e16695 [FREE Full text] [doi: 10.2196/16695] [Medline: 32628615]

21. Frederix I, Caiani EG, Dendale P, Anker S, Bax J, Böhm A, et al. ESC e-Cardiology Working Group Position Paper:
overcoming challenges in digital health implementation in cardiovascular medicine. Eur J Prev Cardiol 2019 Jul
27;26(11):1166-1177. [doi: 10.1177/2047487319832394] [Medline: 30917695]

22. Gonzalez M, Sjölin I, Bäck M, Michelsen HO, Tanha T, Sandberg C, et al. Effect of a lifestyle-focused electronic patient
support application for improving risk factor management, self-rated health, and prognosis in post-myocardial infarction
patients: study protocol for a multi-center randomized controlled trial. Trials 2019 Jan 24;20(1):76 [FREE Full text] [doi:
10.1186/s13063-018-3118-1] [Medline: 30678709]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e25224 | p.474https://www.jmir.org/2022/3/e25224
(page number not for citation purposes)

Ögmundsdóttir Michelsen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0140-6736(08)60868-5
http://dx.doi.org/10.1177/2047487312449597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22718797&dopt=Abstract
http://dx.doi.org/10.1007/s12529-016-9583-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28290077&dopt=Abstract
http://dx.doi.org/10.1177/2047487315569401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25687109&dopt=Abstract
https://www-ucr-uu-se.translate.goog/swedeheart/arsrapport?_x_tr_sl=sv&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
https://www-ucr-uu-se.translate.goog/swedeheart/arsrapport?_x_tr_sl=sv&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
http://dx.doi.org/10.1177/2047487319865729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31349776&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0b013e3182343aa7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22113368&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25079147&dopt=Abstract
http://heart.bmj.com/lookup/pmidlookup?view=long&pmid=24973083
http://dx.doi.org/10.1136/heartjnl-2014-305783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24973083&dopt=Abstract
http://dx.doi.org/10.1097/hjr.0b013e32832a4e7a
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-019-4106-1
http://dx.doi.org/10.1186/s12913-019-4106-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31182100&dopt=Abstract
http://dx.doi.org/10.1177/1474515119826510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30667278&dopt=Abstract
http://dx.doi.org/10.1161/cir.0000000000000232
http://dx.doi.org/10.1161/jaha.113.000568
https://www.jmir.org/2020/2/e13055/
http://dx.doi.org/10.2196/13055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130116&dopt=Abstract
https://mhealth.jmir.org/2020/7/e16695/
http://dx.doi.org/10.2196/16695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628615&dopt=Abstract
http://dx.doi.org/10.1177/2047487319832394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30917695&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-018-3118-1
http://dx.doi.org/10.1186/s13063-018-3118-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30678709&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. De Schutter A, Kachur S, Lavie C, Menezes A, Shum K, Bangalore S, et al. Cardiac rehabilitation fitness changes and
subsequent survival. Eur Heart J Qual Care Clin Outcomes 2018 Jul 01;4(3):173-179. [doi: 10.1093/ehjqcco/qcy018]
[Medline: 29701805]

24. SWEDEHEART Annual Report 2020. Uppsala Clinical Research Cente. 2020. URL: https://www.ucr.uu.se/swedeheart/
[accessed 2022-02-11]

25. No authors listed. Exercise tests in relation to cardiovascular function. Ann Intern Med 1968 Sep 01;69(3):652. [doi:
10.7326/0003-4819-69-3-652_2]

26. Michelsen S. Reproducibility of cumulative work, heart rate and blood pressure response during stepwise versus continuous
load increment during a maximal bicycle ergometer test. Scand J Clin Lab Invest 1990 Jun 08;50(4):409-415. [doi:
10.3109/00365519009091599] [Medline: 2392654]

27. Borg G. Borg's Perceived Exertion and Pain Scales. Champaign, Illinois: Human Kinetics; 1998.
28. Nationella Riktlinjer för Prevention Och Behandling Vid Ohälsosamma Levnadsvanor - Stöd för Styrning Och Ledning.

Stockholm: Socialstyrelsen; 2018:470-491.
29. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical activity and public health: updated

recommendation for adults from the American College of Sports Medicine and the American Heart Association. Circulation
2007 Aug 28;116(9):1081-1093. [doi: 10.1161/circulationaha.107.185649]

30. Grimby G, Frändin K. On the use of a six-level scale for physical activity. Scand J Med Sci Sports 2018 Mar
17;28(3):819-825. [doi: 10.1111/sms.12991] [Medline: 29027263]

31. Green BB, Cook AJ, Ralston JD, Fishman PA, Catz SL, Carlson J, et al. Effectiveness of home blood pressure monitoring,
web communication, and pharmacist care on hypertension control: a randomized controlled trial. J Am Med Assoc 2008
Jun 25;299(24):2857-2867 [FREE Full text] [doi: 10.1001/jama.299.24.2857] [Medline: 18577730]

32. Lunde P, Bye A, Bergland A, Grimsmo J, Jarstad E, Nilsson BB. Long-term follow-up with a smartphone application
improves exercise capacity post cardiac rehabilitation: a randomized controlled trial. Eur J Prev Cardiol 2020 Nov
28;27(16):1782-1792 [FREE Full text] [doi: 10.1177/2047487320905717] [Medline: 32106713]

33. Widmer RJ, Allison TG, Lennon R, Lopez-Jimenez F, Lerman LO, Lerman A. Digital health intervention during cardiac
rehabilitation: a randomized controlled trial. Am Heart J 2017 Jun;188:65-72. [doi: 10.1016/j.ahj.2017.02.016] [Medline:
28577682]

34. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of cardiovascular disease:
meta-analysis of 147 randomised trials in the context of expectations from prospective epidemiological studies. Br Med J
2009 May 19;338(may19 1):b1665 [FREE Full text] [doi: 10.1136/bmj.b1665] [Medline: 19454737]

35. Widmer RJ, Allison TG, Lerman LO, Lerman A. Digital health intervention as an adjunct to cardiac rehabilitation reduces
cardiovascular risk factors and rehospitalizations. J Cardiovasc Transl Res 2015 Jul 7;8(5):283-292 [FREE Full text] [doi:
10.1007/s12265-015-9629-1] [Medline: 25946990]

36. Johnston N, Bodegard J, Jerström S, Åkesson J, Brorsson H, Alfredsson J, et al. Effects of interactive patient smartphone
support app on drug adherence and lifestyle changes in myocardial infarction patients: a randomized study. Am Heart J
2016 Aug;178:85-94 [FREE Full text] [doi: 10.1016/j.ahj.2016.05.005] [Medline: 27502855]

37. McCartney DE, McManus RJ. Self-monitoring and self-management. Curr Opin Nephrol Hypertens 2016;25(6):502-507.
[doi: 10.1097/mnh.0000000000000279]

38. Uhlig K, Patel K, Ip S, Kitsios GD, Balk EM. Self-measured blood pressure monitoring in the management of hypertension:
a systematic review and meta-analysis. Ann Intern Med 2013 Aug 06;159(3):185-194 [FREE Full text] [doi:
10.7326/0003-4819-159-3-201308060-00008] [Medline: 23922064]

39. Andrikopoulos G, Tzeis S, Nikas N, Richter D, Pipilis A, Gotsis A, et al. Short-term outcome and attainment of secondary
prevention goals in patients with acute coronary syndrome--results from the countrywide TARGET study. Int J Cardiol
2013 Sep 30;168(2):922-927. [doi: 10.1016/j.ijcard.2012.10.049] [Medline: 23186596]

40. Estruch R, Ros E, Salas-Salvadó J, Covas M, Corella D, Arós F, et al. Primary prevention of cardiovascular disease with
a Mediterranean diet. N Engl J Med 2013 Apr 04;368(14):1279-1290. [doi: 10.1056/nejmoa1200303]

41. Lear S, Singer J, Banner-Lukaris D, Horvat D, Park J, Bates J, et al. Improving access to cardiac rehabilitation using the
internet: a randomized trial. Stud Health Technol Inform 2015;209:58-66. [Medline: 25980706]

42. Warren JM, Ekelund U, Besson H, Mezzani A, Geladas N, Vanhees L. Assessment of physical activity – a review of
methodologies with reference to epidemiological research: a report of the exercise physiology section of the European
Association of Cardiovascular Prevention and Rehabilitation. Eur J Cardiovas Preven Rehabil 2010 Apr;17(2):127-139.
[doi: 10.1097/hjr.0b013e32832ed875]

43. Geraghty AW, Torres LD, Leykin Y, Pérez-Stable EJ, Muñoz RF. Understanding attrition from international Internet health
interventions: a step towards global eHealth. Health Promot Int 2013 Sep 10;28(3):442-452 [FREE Full text] [doi:
10.1093/heapro/das029] [Medline: 22786673]

44. Van der Mispel C, Poppe L, Crombez G, Verloigne M, De Bourdeaudhuij I. A self-regulation-based ehealth intervention
to promote a healthy lifestyle: investigating user and website characteristics related to attrition. J Med Internet Res 2017
Jul 11;19(7):e241 [FREE Full text] [doi: 10.2196/jmir.7277] [Medline: 28698168]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e25224 | p.475https://www.jmir.org/2022/3/e25224
(page number not for citation purposes)

Ögmundsdóttir Michelsen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1093/ehjqcco/qcy018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29701805&dopt=Abstract
https://www.ucr.uu.se/swedeheart/
http://dx.doi.org/10.7326/0003-4819-69-3-652_2
http://dx.doi.org/10.3109/00365519009091599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2392654&dopt=Abstract
http://dx.doi.org/10.1161/circulationaha.107.185649
http://dx.doi.org/10.1111/sms.12991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29027263&dopt=Abstract
http://europepmc.org/abstract/MED/18577730
http://dx.doi.org/10.1001/jama.299.24.2857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18577730&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2047487320905717?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2047487320905717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32106713&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2017.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28577682&dopt=Abstract
http://europepmc.org/abstract/MED/19454737
http://dx.doi.org/10.1136/bmj.b1665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19454737&dopt=Abstract
http://europepmc.org/abstract/MED/25946990
http://dx.doi.org/10.1007/s12265-015-9629-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25946990&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-8703(16)30062-X
http://dx.doi.org/10.1016/j.ahj.2016.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27502855&dopt=Abstract
http://dx.doi.org/10.1097/mnh.0000000000000279
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-159-3-201308060-00008?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-159-3-201308060-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23922064&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2012.10.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23186596&dopt=Abstract
http://dx.doi.org/10.1056/nejmoa1200303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25980706&dopt=Abstract
http://dx.doi.org/10.1097/hjr.0b013e32832ed875
http://europepmc.org/abstract/MED/22786673
http://dx.doi.org/10.1093/heapro/das029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22786673&dopt=Abstract
https://www.jmir.org/2017/7/e241/
http://dx.doi.org/10.2196/jmir.7277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28698168&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


45. Eysenbach G. The law of attrition. J Med Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

46. Buys R, Claes J, Walsh D, Cornelis N, Moran K, Budts W, et al. Cardiac patients show high interest in technology enabled
cardiovascular rehabilitation. BMC Med Inform Decis Mak 2016 Jul 19;16(1):95 [FREE Full text] [doi:
10.1186/s12911-016-0329-9] [Medline: 27431419]

47. Physiotherapy SEPHIA. Uppsala Clinical Research Center, Uppsala, Sweden. 2018. URL: https://www.ucr.uu.se/swedeheart/
dokument-sephia/fysioterapi-sephia [accessed 2022-02-11]

48. SWEDEHEART. Uppsala Clincal Research Center, Uppsala. 2020. URL: https://www.ucr.uu.se/swedeheart/ [accessed
2022-02-11]

49. Kallioinen N, Hill A, Horswill M, Ward H, Watson M. Sources of inaccuracy in the measurement of adult patients' resting
blood pressure in clinical settings: a systematic review. J Hypertens 2017 Mar;35(3):421-441 [FREE Full text] [doi:
10.1097/HJH.0000000000001197] [Medline: 27977471]

Abbreviations
BP: blood pressure
CHD: coronary heart disease
DBP: diastolic blood pressure
LDL: low-density lipoprotein
MI: myocardial infarction
RCT: randomized controlled trial
SBP: systolic blood pressure
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
SWEDEHEART: Swedish Web-System for Enhancement and Development of Evidence-Based Care in Heart
Disease Evaluated According to Recommended Therapies

Edited by G Eysenbach; submitted 23.10.20; peer-reviewed by T Ratz, B Bente, D Fletcher; comments to author 08.01.21; revised
version received 09.02.21; accepted 28.12.21; published 31.03.22.

Please cite as:
Ögmundsdóttir Michelsen H, Sjölin I, Bäck M, Gonzalez Garcia M, Olsson A, Sandberg C, Schiopu A, Leósdóttir M
Effect of a Lifestyle-Focused Web-Based Application on Risk Factor Management in Patients Who Have Had a Myocardial Infarction:
Randomized Controlled Trial
J Med Internet Res 2022;24(3):e25224
URL: https://www.jmir.org/2022/3/e25224 
doi:10.2196/25224
PMID:35357316

©Halldóra Ögmundsdóttir Michelsen, Ingela Sjölin, Maria Bäck, Manuel Gonzalez Garcia, Anneli Olsson, Camilla Sandberg,
Alexandru Schiopu, Margrét Leósdóttir. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
31.03.2022. 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 the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e25224 | p.476https://www.jmir.org/2022/3/e25224
(page number not for citation purposes)

Ögmundsdóttir Michelsen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0329-9
http://dx.doi.org/10.1186/s12911-016-0329-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27431419&dopt=Abstract
https://www.ucr.uu.se/swedeheart/dokument-sephia/fysioterapi-sephia
https://www.ucr.uu.se/swedeheart/dokument-sephia/fysioterapi-sephia
https://www.ucr.uu.se/swedeheart/
http://europepmc.org/abstract/MED/27977471
http://dx.doi.org/10.1097/HJH.0000000000001197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27977471&dopt=Abstract
https://www.jmir.org/2022/3/e25224
http://dx.doi.org/10.2196/25224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35357316&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

The Characteristics and Functionalities of Mobile Apps Aimed at
Patients Diagnosed With Immune-Mediated Inflammatory
Diseases: Systematic App Search

Rosa Romero-Jimenez1, PharmD, PhD; Vicente Escudero-Vilaplana1, PharmD, PhD; Esther Chamorro-De-Vega1,

PharmD, PhD; Arantza Ais-Larisgoitia1, PharmD; Maria Elena Lobato Matilla1, PharmD; Ana Herranz-Alonso1,

PharmD, PhD; Maria Sanjurjo1, PharmD
Instituto de Investigación Sanitaria Gregorio Marañón, Hospital General Universitario Gregorio Marañón, Madrid, Spain

Corresponding Author:
Rosa Romero-Jimenez, PharmD, PhD
Instituto de Investigación Sanitaria Gregorio Marañón
Hospital General Universitario Gregorio Marañón
Doctor Esquerdo, 46
Madrid, 28007
Spain
Phone: 34 915868414
Email: rosa.romero@salud.madrid.org

Abstract

Background: Immune-mediated inflammatory diseases (IMIDs) are systemic conditions associated with a high social and
health impact. New treatments have changed the prognosis of IMIDs and have increased patient autonomy in disease management.
Mobile apps have enormous potential to improve health outcomes in patients with IMIDs. Although a large number of IMID
apps are available, the app market is not regulated, and functionality and reliability remain uncertain.

Objective: Our aims are to review available apps for patients with IMIDs or caregivers and to describe the main characteristics
and functionalities of these apps.

Methods: We performed an observational, cross-sectional, descriptive study of all apps for patients with IMIDs. Between April
5 and 14, 2021, we conducted a search of the App Store (iOS) and Play Store (Android) platforms. We used the names of the
different IMIDs as search terms. The inclusion criteria were as follows: content related to IMIDs, English or Spanish language,
and user population consisting of patients and health care consumers, including family and caregivers. The variables analyzed
were as follows: app name, type of IMID, platform (Android or iOS), country of origin, language, category of the app, cost, date
of the last update, size, downloads, author affiliation, and functionalities.

Results: We identified 713 apps in the initial search, and 243 apps met the criteria and were analyzed. Of these, 37% (n=90)
were on Android, 27.2% (n=66) on iOS, and 35.8% (n=87) on both platforms. The most frequent categories were health and
well-being/fitness apps (n=188, 48.5%) and medicine (n=82, 37.9%). A total of 211 (82.3%) apps were free. The mean time
between the date of the analysis and the date of the most recent update was 18.5 (SD 19.3) months. Health care professionals
were involved in the development of 100 (41.1%) apps. We found differences between Android and iOS in the mean time since
the last update (16.2, SD 14.7 months vs 30.3, SD 25.7 months) and free apps (85.6% vs 75.8%; respectively). The functionalities
were as follows: general information about lifestyles, nutrition, or exercises (n=135, 55.6%); specific information about the
disease or treatment (n=102, 42%); recording of symptoms or adverse events (n=51, 21%); agenda/calendar (n=44, 18.1%);
reminder medication (n=41, 16.9%); and recording of patient-reported outcomes (n=41, 16.9%). A total of 147 (60.5%) apps had
more than one functionality.

Conclusions: IMID-related apps are heterogeneous in terms of functionality and reliability. Apps may be a useful complement
to IMID care, especially inpatient education (their most frequent functionality). However, more than half of the IMID apps had
not been developed by health care professionals or updated in the last year.

(J Med Internet Res 2022;24(3):e31016)   doi:10.2196/31016

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31016 | p.477https://www.jmir.org/2022/3/e31016
(page number not for citation purposes)

Romero-Jimenez et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:rosa.romero@salud.madrid.org
http://dx.doi.org/10.2196/31016
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

immune-mediated inflammatory disease; mobile app; mHealth; mobile health; chronic disease; disease management; outcomes;
functionality; quality; patient education; health outcomes; reliability

Introduction

Immune-mediated inflammatory diseases (IMIDs) are systemic
conditions characterized by altered immune regulation causing
chronic inflammation in specific organs or systems [1]. IMIDs
include rheumatologic diseases (eg, rheumatoid arthritis,
ankylosing spondylitis, and psoriatic arthritis), digestive diseases
(eg, Crohn disease and ulcerative colitis), and dermatologic
diseases (eg, psoriasis). It is estimated that 5% to 7% of the
world’s population has an IMID [1]. Besides, IMIDs are
associated with a high social and health impact in terms of
morbidity and mortality, quality of life, and psychological and
occupational aspects.

Management and treatment of IMIDs have changed substantially
in the last decade, mainly due to the emergence of biological
therapies [2]. However, since these new treatments are
associated with problems related to administration, toxicity,
and adherence, patients should receive adequate training and
information. Besides, patients are becoming increasingly active
and require more information. A survey conducted in the 27
countries of the European Union revealed that, in the previous
3 months to the survey, 53% of citizens sought online health
information related to injury, disease, nutrition, improving
health, and similar data [3].

Mobile health (mHealth) technologies incorporating strategies
for remote self-management may offer an effective alternative
to classic outpatient-based approaches [4]. In particular, broad
accessibility to mobile apps enables them to complement health
care 24 hours a day, 7 days a week at low cost [5-7]. Apps help
to better understand and manage chronic diseases such as IMIDs
[8]. Besides, patients with IMIDs are younger than patients with
other chronic diseases, and they are more familiar with these
technologies [1]. Thus, apps represent an opportunity to improve
self-management of care and improve their quality of life.

Health care professionals could play an essential role not only
in the review or verification of the contents of these apps but
also in their prescription to the best candidates and the
recommendation of the most reliable options. However, the lack
of studies providing detailed IMID-related app characteristics
limits health care professionals’ knowledge in this field.
Available IMID apps vary substantially in terms of features,
functionality, and reliability [4,9-14]. Up-to-date information
about the current situation of apps for patients with IMIDs can
be a substantial help to health care professionals in guiding
patients and identifying possible risks derived from their use,
as well as identifying the needs and directions for future
development of these tools. Thus, our objectives were to provide
a review of the apps available in the marketplace for patients
with IMIDs or caregivers and to identify and describe the main
characteristics and functionalities of these apps.

Methods

We performed an observational, cross-sectional, descriptive
study of all the smartphone apps designed for patients with
IMIDs available on the iOS and Android platforms.

The methodology used for the selection of the apps followed
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) system. We searched the iOS Apple Store
and Android Google Play Store from April 5 to 14, 2021 using
the following terms: “ankylosing spondylitis,” “Crohn's disease,”
“IBD,” “inflammatory bowel disease,” “immune-mediated
inflammatory diseases,” “immune-mediated inflammatory
disorders,” “psoriasis,” “psoriatic arthritis,” “rheumatoid
arthritis,” and “ulcerative colitis.” As the resultant app list was
potentially endless (similar to a Google search), we used the
approach followed in previous reviews and performed the
screening process until 20 consecutive apps yielded no new
potentially relevant apps [15,16].

Two researchers with experience in the analysis of apps, design,
and development, and in the management of patients with IMIDs
(authors RRJ and VEV) performed identical searches
independently. The inclusion criteria were as follows: content
related to IMIDs, English or Spanish language, and user
population consisting of patients and health consumers,
including family or caregivers. Those apps that did not target
patients (ie, apps targeting health professionals) were excluded.

The variables analyzed were the name of the app, type of IMID
(ankylosing spondylitis, Crohn disease, psoriasis, psoriatic
arthritis, rheumatoid arthritis, or ulcerative colitis), platform
(Android or iOS), country of origin, language, category of the
app, cost, date of the last update, size, downloads, author
affiliation, and functionalities. The author’s affiliation was
classified as follows: university, health administration or
government, hospital/clinic, foundation, patient association,
pharmaceutical company, and technology company. Concerning
technology companies, we identified two categories depending
on whether they were health related or not. Functionalities were
further classified into the following categories: information
(disease or treatment and lifestyle, nutrition, and exercises),
self-diagnosis, disease activity monitoring, symptom or
patient-reported outcome (PRO) recording, medication
reminders, adherence monitoring, agenda/calendar (a diary or
calendar with or without function to record an appointment),
contact with health care professionals, and social network. The
app search method was developed by the authors and has not
been validated. This methodology to analyze app characteristics
has been used in other similar studies [4,16,17].

The data were collected from the description and the screenshots
available at the app store websites. In cases where one of the
variables was not available or there was any doubt, the app was
downloaded onto an iPhone 11 (version 14.4.2) or a Xiaomi
Redmi Note 7 (version 9.0). For the categorization of author
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affiliation, we conducted Google searches using the name or
the website provided by the app store.

The researchers (RRJ and VEV) evaluated each app
independently. Data were analyzed using SPSS Statistics for
Windows, Version 21.0 (IBM Corp; descriptive statistics). The
homogeneity of the groups was analyzed using a univariate
analysis by applying the chi-square test to compare qualitative
variables and the t test or Mann-Whitney test to compare
quantitative variables. A P value <.05 was considered
statistically significant. Cohen kappa (κ) test was performed to
determine the reliability of the data analyzed by these two
independent researchers (RRJ and VEV).

The two researchers jointly analyzed those apps again in which
the information collected varied between them. Discrepancies
were discussed and an agreement was reached.

Results

General Characteristics
We identified 713 apps in the initial search in the two app stores;
of these, 470 were excluded (Figure 1). We finally analyzed

243 apps: 37% (n=90) on Android, 27.2% (n=66) on iOS, and
35.8% (n=87) on both platforms. Concerning app characteristics,
the agreement between the two researchers was excellent
(κ=0.868).

Most of the apps belonged to the health and well-being/fitness
and medicine categories. The mean time since the last update
was 18.5 (SD 19.3) months, and the mean app size was 28.6
(SD 46.9) Mb. A total of 43 (17.7%) apps required payment for
use, with a mean price of US $10.30 (SD US $12.00).
Concerning the language, 86.8% (n=211) of the apps analyzed
were in only one language, and 15 (6.2%) were in three or more
languages. A total of 234 (96%) apps were in English, and
11.4% (29/243) were in Spanish. Table 1 shows the remaining
general app characteristics.

We found statistically significant differences (P<.001) between
the Android and iOS apps, as follows: time since the last update,
16.2 (SD 14.7) months vs 30.3 (SD 25.7) months; apps with
cost, 14.4% vs. 24.2%; and size, 11.2 (SD 13.9) Mb vs 50.2
(SD 77.9) Mb.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram and app selection. IMID: immune-mediated
inflammatory disease.
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Table 1. App characteristics.

Apps (N=243), n (%)Characteristics

Store category

118 (48.5)Health and well-being/fitness

92 (37.9)Medicine

8 (3.3)Food and drink

7 (3.0)Books and references

6 (2.5)Lifestyle

4 (1.6)Social networking

3 (1.2)Education

5 (2.0)Other

Time since last update (months)

23 (9.5)<1

27 (11.1)2-3

24 (9.9)4-6

37 (15.2)6-12

55 (22.6)12-24

61 (25.1)>24

16 (6.6)Not available

Downloads

25 (10.3)0-100

32 (13.2)100-500

26 (10.7)500-1000

37 (15.2)1000-5000

19 (7.8)5000-10,000

23 (9.5)10,000-50,000

2 (0.8)50,000-100,000

10 (4.1)100,000-500,000

3 (1.2)>500,000

66 (27.2)Not available

Cost

200 (82.3)No

43 (17.7)Yes

App Author Affiliation
The most frequent type of author affiliation was a nonhealth
technology company (n=77, 31.7%; Table 2). The author

affiliation was not available in 27.2% (n=66) of apps.
Concerning the country of origin, 38.3% (n=93) of apps were
from the United States, 8.2% (n=20) were from India, and 7.8%
(n=19) were from the United Kingdom.
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Table 2. App author affiliation.

Apps (N=243), n (%)Characteristics

Type of author/developer

77 (31.7)Nonhealth technology company

57 (23.5)Health-related technology company

12 (4.9)Pharmaceutical company

6 (2.5)Hospital/clinic

18 (7.4)Foundation

4 (1.6)Patient association

2 (0.8)Health administration/government

1 (0.4)University

66 (27.2)Not available

Continent of origin

106 (43.6)North America

55 (22.6)Europe

32 (13.2)Asia

5 (2.1)Oceania

1 (0.4)South America

44 (18.1)Not available

Type of IMIDs Targeted by the Apps
A total of 135 (55.5%) apps were specifically aimed at one
IMID, and 21 (8.6%) were aimed at all IMIDs (Table 3).

Concerning author affiliation, we found statistically significant
differences between specific ankylosing spondylitis–related
apps and specific psoriasis-related apps. These differences were

found in the number of apps developed by a health-related
technology company (50% in psoriasis apps and 6.7% in
ankylosing spondylitis), nonhealth technology company (20%
in psoriasis apps and 40% in ankylosing spondylitis), and in
those apps where this information was not available (30% in
psoriasis apps and 53% in ankylosing spondylitis; P<.001). No
statistically significant differences were found between the rest
of the recorded app characteristics and the type of IMIDs.

Table 3. Type of immune-mediated inflammatory diseases targeted by the apps.

Apps (N=243), n (%)Characteristics

56 (23.0)Ankylosing spondylitis

93 (38.3)Crohn disease

39 (16.0)Psoriatic arthritis

50 (20.6)Psoriasis

111 (45.7)Rheumatoid arthritis

89 (36.6)Ulcerative colitis

App Functionalities
Analysis of the functionalities of the 243 apps revealed that
60.5% (n=147) had more than one functionality. A total of 135
apps offered information about lifestyle, nutrition, and physical
exercise, and 102 apps offered information about the disease or
its treatment (Table 4). We found that only 6 apps offered
information specifically about biological therapies. Table 5

shows the main app functionalities related to the different
IMIDs.

The mean number of functionalities per app was 2.1 (range 1-7).
No statistically significant differences were found between the
number of functionalities and the remaining variables, except
for author affiliation. Apps developed by health-related
technology companies presented a higher average number of
functionalities.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31016 | p.481https://www.jmir.org/2022/3/e31016
(page number not for citation purposes)

Romero-Jimenez et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Functionalities of the apps.

App (N=243), n (%)Functionality

135 (55.6)General information about lifestyle, nutrition, exercise

102 (42.0)Specific information about the disease or its treatment

51 (21.0)Recording of symptoms or adverse events

44 (18.1)Agenda/calendar

41 (16.9)Medication remindera

41 (16.9)Recording of patient-reported outcomes

34 (14.7)Monitoring the activity/severity of the disease

24 (9.9)Contact with health care professionals

16 (6.6)Social network

36 (14.8)Other

a27 of 41 made it possible to monitor adherence.

Table 5. Main app functionalities concerning the different immune-mediated inflammatory diseases.

Social net-
work, n (%)

Contact with
health profes-
sionals, n (%)

Monitoring the
activity/severity
of the disease, n
(%)

Recording of

PROsa, n (%)

Reminder
medication, n
(%)

Agenda/calen-
dar, n (%)

Recording of
symptoms or
adverse
events, n (%)

Information, n
(%)

1 (1.8)3 (5.4)4 (7.1)7 (12.5)7 (12.5)8 (14.3)8 (14.3)46 (82.1)ASb (n=56)

5 (5.4)9 (9.7)15 (16.1)19 (20.4)19 (20.4)24 (25.8)21 (22.6)68 (73.1)CDc (n=93)

1 (2.6)2 (5.1)5 (12.8)7 (17.9)9 (23.1)6 (15.4)8 (20.5)29 (74.5)PAd (n=39)

3 (6.0)9 (18.0)4 (8.0)11 (22.0)8 (16.0)8 (16.0)14 (28.0)40 (80.0)PSe (n=50)

5 (4.5)7 (6.3)11 (9.9)20 (18.0)20 (18.0)17 (15.3)23 (20.7)80 (72.1)RAf (n=111)

7 (7.9)10 (11.2)14 (15.7)16 (18.0)20 (22.5)24 (27.0)22 (24.7)64 (71.9)UCg (n=89)

aPRO: patient-reported outcome.
bAS: ankylosing spondylitis.
cCD: Chron disease.
dPA: psoriatic arthritis.
ePS: psoriasis
fRA: rheumatoid arthritis.
gUC: ulcerative colitis.

Discussion

Principal Findings
We provide a comprehensive and unique review of IMID-related
apps available for patients in the Play Store and Apple Store.
The marketplace offers hundreds of solutions, thus making it
difficult for the user to filter [17]. Health care professionals are
unaware of the real situation of these apps and how they can
help patients manage their disease. To the best of our
knowledge, this is the only review published so far on the
features and functionalities of apps for all IMIDs. The main
findings show that functionalities and reliability were
heterogeneous. Although most apps offer information,
information on biological therapies is scarce. Few apps allow
patient interaction, such as recording adverse events, setting
alarms for medication, or recording PROs.

We analyzed 243 apps for the most important IMIDs and
identified features that may contribute to our understanding of
the current landscape and the development of future solutions.
Most of the apps targeted rheumatoid arthritis and inflammatory
bowel diseases (IBDs). This distribution is proportional to the
prevalence of the IMIDs in real life [1]. Among the
characteristics of the apps, we highlight the involvement of
health care professionals in the development of 41.2% (n=100)
of apps. However, 54.3% (n=132) of apps had not been updated
in the last year, and the most frequent functionality was that of
providing information.

The use of IMID-related apps is still in its infancy [11,18]. The
medical fields with the most experience in apps are diabetes,
mental health, and cardiovascular disease [7,17,19]. McKay et
al [20] carried out a systematic review of apps related to one or
more health conditions and found no IMID-related apps. In
2018, there were only 56 IBD-related apps available [21]. In a
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cohort of 193 German patients with rheumatologic diseases,
91.2% regularly used a smartphone, and 68.4% believed that
using medical apps could be beneficial for their health. However,
only 4.1% of these patients used health-related apps, of which
none were rheumatology-specific [8]. In a similar study
performed on 575 French patients diagnosed with rheumatoid
arthritis, only 4.7% used a health app [22].

In addition to the limited number of IMID apps, some of the
negative characteristics such as a lack of robust scientific
evidence prevent clinicians from using health-related apps or
recommending them to patients [11,13,23]. It is estimated that
only 38% of international consensus statements are completely
covered by IBD-related apps focusing on patient education [4].
In a systematic review of self-management apps for persons
with arthritic pain, Bhattarai et al [16] observed that a small
number of arthritic pain apps offer a comprehensive
self-management approach incorporating evidence-based
strategies through the Stanford Arthritis Self-Management
Program [16].

Currently, there is no specific legislation on the use of the apps
and standards or official guidelines on app development.
Similarly, there are no official repositories, mainly due to the
fast-moving pace of mHealth [5,24]. The Food and Drug
Administration launched the Digital Health Precertification
Program (Pre-Cert Program) to evaluate mobile-based
interventions in real-world conditions [7,25]. Despite the
availability of validated tools for assessing the quality of apps,
such as the Mobile App Rating Scale [26], there is minimal
agreement on methods and the most appropriate criteria for this
task [19]. Besides, few IMID-related apps have been developed
or validated using these methodologies [14,27,28]. Author
affiliation is an important characteristic when searching for a
trustworthy app and has been a quality criterion in numerous
studies [19]. However, most of the apps did not describe the
credentials of the author or professionals who participated in
the development. The fact that neither store requires
qualifications or affiliations to be listed is one of the main
reliability problems of health apps [10,17,29,30]. Thus, external
sources, such as the developer’s website if available, are needed.
Even so, in 27.2% (n=66) of the apps we reviewed, we could
not find any information about the author. We observed that
more than half of the author affiliations were related to
technology companies, although only 41% (n=100) were
identified as involving some type of health professional. Only
7 of the 20 rheumatoid arthritis apps assessed by Luo et al [10]
involved a health professional in content development. In
another review of apps for medication management, 72.9% of
apps were developed by technology companies, 2.1% by
academic institutions, and 5.2% by other bodies (governments
and nonprofit organizations), and there was insufficient
information available about author affiliation in 17.1% [17].
Only 14.6% of apps were developed with the involvement of a
health care professional. In a review of apps for rheumatic
diseases, authors found that health care professionals were
involved in the development of 40% of the apps [12]. Con and
Cruz [4] reviewed 26 IBD-related apps and found that health
professionals were involved in the development of 19.2% [4].

The level of the update is also a potential cause for concern.
Given the rapid advance in IMID care, information must be
constantly updated. In our study, we found that more than half
of the apps had not been updated in the previous year, while in
25.1% (n=61), the last update had been over 2 years previously.
In a review of 20 rheumatoid arthritis apps, only 12 had been
updated in the previous year [10]. Concerning other diseases,
Collado-Borrell et al [31] observed that 52.4% of cancer-related
apps had updated their software within the previous year. We
observed that the apps available in the Play Store were more
recently updated than those in the App Store. These results
contrast with those of studies that have shown the average
quality of health apps to be better on iOS than on Android [32].

On the other hand, one of the advantages of these tools is that
most health-related apps are free [4,17,31,33], thus favoring
their accessibility. Consistent with other studies, we observed
that 82.3% (n=200) of IMID-related apps were free
[10,17,31,33]. However, in IMID apps requiring payment, the
cost is slightly higher (US $10.30) than the average observed
in other reviews (US $1.01-4.74) [4,9,10,17,31,33]. Concerning
the country of development, the most frequent was the United
States, followed by India. Other app review studies have shown
a similar distribution [33], likely due to the potential of
information and communication technology companies in these
countries.

Many of the health-related apps emerged as tools for consulting
information, and this is still the most frequent functionality,
although 60.5% (n=147) of the apps analyzed had more than
one functionality. Our results are consistent with those of other
studies and highlight that most apps offer passive functionalities
such as information about the disease, treatments, lifestyle,
nutrition, and physical exercise. Medication information was
the feature most desired by a cohort of 193 patients with
rheumatic disease [8]. Mollard et al [11] observed that 25% of
apps available for rheumatoid arthritis were exclusively for
patient education. Con and Cruz [4] observed that 50% of IBD
apps had exclusively diary functionalities that made it possible
to track several activities or records, although there was
considerable heterogeneity regarding the detail with which
symptoms were able to be recorded. In that study, 34.6% of
apps only provided information, 11.5% recorded PROs, and
7.7% had two reminder systems. Only 1 app allowed
communication between patients and professionals. Similar
results were obtained in a review of rheumatoid arthritis apps,
in which 50% only allowed symptom tracking and 25% had
only provided information [10]. Tabi et al [17] analyzed 328
apps for medication management and observed that 41.2% could
share data and reports, although no app allowed bidirectional
communication with health professionals.

Several studies have shown the usefulness of apps for improving
adherence [17,34]. This feature is even more important in drugs
that are not administered daily, such as biological therapies, as
delays in administration may be more frequent. For instance,
20% to 40% of patients with IBD are nonadherent. Alerts or
reminders to take medication are the most frequent feature of
apps and improve adherence. In general, apps are the preferred
method for reminding patients to take their medication regularly
[8]. However, in our review, only 16.9% (n=41) of apps have
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this functionality, and only 11.1% (n=27) enable medication
adherence to be monitored.

Encouraging enthusiastic patients to engage with apps regularly
is another barrier [11]. For example, many patients download
an app for the sole purpose of obtaining health information.
However, after initial use of the app, there is unlikely to be
continual engagement once the desired information is obtained
[11]. Long-term engagement can be problematic, with app
interventions progressively becoming less effective over time
[7]. Some functionalities involving patient participation, such
as sending messages and gamification, can also improve
long-term engagement [19]. Gamification is a specific
characteristic of mHealth interventions that could favor
behavioral change and increase user engagement. However, we
only found 1 app with the functionality of gamification in our
review.

Limitations and Strengths
A possible limitation is that we did not assess the privacy and
confidentiality of apps since this information is not available
in most cases. The relationship between the use of health apps
and privacy risk is understudied [10]. Most reviews and studies
that assess app quality do not analyze this aspect [19,20]. In
fact, the number of health apps that define privacy policies is

low [35]. Nevertheless, to our knowledge, this is the first review
to cover most IMIDs and analyze their characteristics in detail.
We believe that our review can provide health professionals
with a real-world picture of the apps available for patients with
IMIDs and help them to identify strengths and weaknesses. We
have observed that there are a large number of free apps in
English available for patients diagnosed with IMIDs, especially
for consulting information. However, when recommending apps
or instructing patients to search for them, health care
professionals should be aware of some critical factors.
Professionals and patients should check the author’s affiliation
and the update date, as there are many IMID apps with
nonproven developers and without updates. Future legislation
for apps should focus specifically on bridging these gaps.

Conclusions
This review provides health professionals with an overview of
available IMID-related apps and their characteristics.
IMID-related apps continue to be heterogeneous in terms of
their functionalities and reliability. Apps may act as a useful
complement to IMID care, especially in patient education, as
this is their most frequent functionality. However, more than
half of the IMID apps had not been developed by health care
professionals or updated in the previous year.
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Abstract

Background: Interventions in early childhood education and care (ECEC) services have the potential to improve children’s
diet at the population level.

Objective: This study aims to test the efficacy of a mobile health intervention in ECEC services to reduce parent packing of
foods high in saturated fat, sugar, and sodium (discretionary foods) in children’s (aged 3-6 years) lunch boxes.

Methods: A cluster randomized controlled trial was undertaken with 355 parent and child dyads recruited by phone and in
person from 17 ECEC services (8 [47%] intervention and 9 [53%] control services). Parents in the intervention group received
a 10-week fully automated program targeting barriers to packing healthy lunch boxes delivered via an existing service
communication app. The program included weekly push notifications, within-app messages, and links to further resources,
including websites and videos. The control group did not receive any intervention. The primary outcomes were kilojoules from
discretionary foods and associated nutrients (saturated fat, free sugars, and sodium) packed in children’s lunch boxes. Secondary
outcomes included consumption of kilojoules from discretionary foods and related nutrients and the packing and consumption
of serves of discretionary foods and core food groups. Photography and weights of foods in children’s lunch boxes were recorded
by trained researchers before and after the trial to assess primary and secondary outcomes. Outcome assessors were blinded to
service allocation. Feasibility, appropriateness, and acceptability were assessed via an ECEC service manager survey and a parent
web-based survey. Use of the app was assessed via app analytics.

Results: Data on packed lunch box contents were collected for 88.8% (355/400) of consenting children at baseline and 84.3%
(337/400) of children after the intervention. There was no significant difference between groups in kilojoule from discretionary
foods packed (77.84 kJ, 95% CI −163.49 to 319.18; P=.53) or the other primary or secondary outcomes. The per-protocol analysis,
including only data from children of parents who downloaded the app, also did not find any statistically significant change in
primary (−1.98 kJ, 95% CI −343.87 to 339.90; P=.86) or secondary outcomes. Approximately 61.8% (102/165) of parents in the
intervention group downloaded the app, and the mean service viewing rate of weekly within-app messages was 26% (SD 14.9).
Parents who responded to the survey and participating services agreed that it was appropriate to receive lunch box information
via the app (40/50, 80% and 6/8, 75%, respectively).

Conclusions: The intervention was unable to demonstrate an impact on kilojoules or associated nutrients from discretionary
foods packed in children’s lunch boxes. Low app downloads and program message views indicate a need to explore how to
improve factors related to implementation before further testing similar mobile health interventions in this setting.
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Introduction

Background
Poor diet characterized by excessive intake of foods high in
sugar, salt, and sodium and low intake of core foods such as
fruits and vegetables is associated with a higher risk of chronic
disease [1]. The consumption of foods high in saturated fat,
sugar, or salt exceeds optimal levels worldwide [2], and in
countries such as the United States, the United Kingdom, and
Australia, excessive consumption of such nutrients has been
reported across all age groups [3-5]. In Australia, foods high in
saturated fat, sugar, or sodium, and low in nutrients such as
fiber (from here on referred to as discretionary foods) [6],
contribute up to 38% of the total daily energy intake of a child
aged 4 to 8 years [5]. Given this, international and national
dietary guidelines recommend limiting the consumption of
discretionary foods [7-10].

Early childhood education and care (ECEC) services constitute
an ideal setting for reaching and engaging families to influence
lifelong eating habits [11,12]. In the United States, the United
Kingdom, and Australia, up to 80% of children attend some
kind of formal ECEC service in the year before school [13-15],
with an average attendance of 2 to 3 days per week [15]. A
significant number of ECEC services in these countries require
children to bring food from home in a lunch box (approximately
30%-50%) [13,14,16]. Australian studies report that between
50% and 60% of lunch boxes include discretionary foods
[17,18], with one reporting an average of 2 serves included per
lunch box [18]. As such, there is potential to improve children’s
diet by targeting the packing of discretionary foods in lunch
boxes.

A systematic review of interventions to improve the contents
of lunch boxes identified just 3 randomized controlled trials
that examined interventions to improve the packing of
discretionary foods within the ECEC setting [17,19,20]. Of the
3 trials, 2 reported significant results for reducing the packing
of discretionary foods [17,19]. Both were intensive
multicomponent interventions, including teacher education,
child curriculum, and face-to-face education sessions with
parents [17,19]. Despite the success of these interventions,
evidence suggests that the sustainability and scalability of such
intensive designs may be limited [21,22]. In particular,
face-to-face parent-related components have been identified as
difficult for parents to attend because of time and travel burden
[23] and challenging for ECEC services to implement [21].

The use of digital health–delivered interventions has been
proposed as a way of overcoming barriers to engaging parents
in nutrition interventions, as well as enhancing scalability
[24-26]. Digital health interventions (DHIs), in particular the

use of mobile phone apps or mobile health (mHealth)
interventions, have been identified as an effective way of
providing health-related information to parents [27] and
influencing child health outcomes [25,28-30]. In addition,
mobile apps designed to facilitate parent ECEC service
communications are increasingly available for use by ECEC
services in Australia, offering an alternative to face-to-face
delivery of nutrition interventions by drawing on existing digital
platforms [26]. Using existing apps to deliver nutrition
interventions has also been recommended to capitalize on
technologies developed by experts in user-centered design and
with established commercial appeal [26]. Therefore, integrating
a lunch box intervention into an existing ECEC parent
communication app shows promise as a novel way of delivering
digital content and engaging with parents.

Objective
To the authors’ knowledge, no trials have been conducted to
assess whether mHealth interventions can support the packing
of healthy lunch boxes for children attending ECEC services.
To address this gap in research evidence, the aim of this study
is to determine the efficacy of using an mHealth intervention
versus no intervention in ECEC services to reduce the packing
of discretionary foods in children’s lunch boxes. We hypothesize
that as a result of the intervention, lunch boxes of children with
parents in the intervention group would achieve a mean
reduction of 123 kJ from packed discretionary foods relative to
the control. Additional outcomes include the intervention’s
impact on children’s consumption of food, parental use of the
app, intervention fidelity, and other process evaluation measures.

Methods

Ethics Approval
Ethical approval was obtained from the Hunter New England
(HNE) human research ethics committee (06/07/26/4.04) and
ratified by the University of Newcastle ethics committee
(H-2008-0343). The trial is reported in line with the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and online
Telehealth) reporting guidelines (Multimedia Appendix 1) [31],
and a protocol has been previously published [32].

Study Design and Setting
The study used a cluster randomized controlled trial design and
targeted the parents of children attending center-based ECEC
services (ie, long day care and preschools). The ECEC services
were located in the HNE Local Health District of New South
Wales (NSW), Australia. ECEC services were randomized to
a 10-week intervention group or no intervention control group.
Within NSW, long daycare services can provide center-based
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education and care for children aged from 6 weeks to 6 years
for ≥8 hours per day. Preschools typically enroll children aged
between 3 and 6 years and provide care for 6 to 8 hours per day
[33]. In 2016, approximately 920,370 people were reported to
live in the HNE area, with 51,900 of these being children aged
0 to 4 years [34]. The area includes major metropolitan centers
and inner regional communities, with a small proportion (14%)
of people in remote communities [35].

Sample
The sampling frame comprised ECEC services from the region
that required parents to provide food for consumption at the
service (ie, lunch box services). The list of ECEC services that
required parents to provide food was obtained from a
government database and represented approximately 53% of
all ECEC services in the region [16]. Of these services, existing
users of the app required for the intervention and those not using
any app (ie, services able to commence using the intervention
app) were identified using previous, unpublished data on app
use by services in the region.

Recruitment and Eligibility
Recruitment for the trial occurred in 2 phases. Initially, ECEC
services were eligible to participate in the trial if they enrolled
children aged 3 to 6 years and were existing users of the
designated parent communication app. As this eligibility
criterion did not result in adequate ECEC services being
recruited, phase 2 recruitment extended the eligibility criteria
to include ECEC services not yet using the app but willing to
commence using the app for the trial. For both phases,
recruitment involved research assistants posting and emailing
information statements and consent forms to ECEC services
outlining the study, data collection procedures, and requesting
participation. Written consent was obtained from service
managers. Parents or carers (hereafter referred to as parents) of
children aged 3 to 6 years were eligible to participate if their
child attended during the designated days of data collection and
if they used or indicated a willingness to download the
intervention app on the consent form. To obtain parental consent
for participation in the study, ECEC service staff distributed
hard copies of parent information statements and consent forms.
Parents could also consent on the day of the data collection.

Random Allocation and Blinding
Before baseline data collection, ECEC services were randomly
allocated to the intervention group or no intervention control
group in a 1:1 ratio by a statistician independent of the trial
using a computerized random number generator. Before
randomization, ECEC services were stratified by rural location
and socioeconomic status (SES) of the service, as evidence
indicates that these factors are associated with family dietary
intake [36,37]. To ensure equity of access to the intervention,
ECEC services were also stratified by those with high numbers
of Aboriginal child enrollments (defined as those with >10%
Aboriginal children enrolled). Stratification by this number of
factors was deemed appropriate for the sample size [38]. Owing
to the nature of the intervention, ECEC services and parents
were not blinded to the intervention; however, outcome assessors
were blinded to the service allocation.

Intervention Development
Details of the intervention and its development, including the
application of theory, cultural, and other stakeholder consultation
processes, have been published elsewhere [32]. Briefly, the
intervention was based on an mHealth lunch box intervention
originally designed for primary (elementary) schools by the
research team, which reported promising pilot data on the
packing of discretionary items in school [39,40]. Similar to the
original intervention, the behavior change wheel (BCW) and
COM-B (Capability, Opportunity, Motivation, and Behavior)
model were used to inform the current intervention [41]. The
BCW framework is based on 19 theories of health behavior
change and facilitates the systematic development of behavior
change interventions. The COM-B model is the behavior system
behind the BCW framework, which supports the identification
of essential conditions for changes, including capability,
opportunity, and motivation [41]. The resulting mHealth
intervention, SWAP IT for Childcare, comprised 7 behavior
change techniques targeting 8 barriers to packing healthy lunch
boxes. (Multimedia Appendix 2). Barriers were identified from
the literature and formative interviews with a convenience
sample of parents from 3 local ECEC services. The adaptation
process was then guided by the Framework for Reporting
Adaptations and Modifications–Enhanced (Multimedia
Appendix 3) [42].

Intervention App
The app used for the intervention (Skoolbag) was an existing
app designed to be available for use by schools or ECEC
services to communicate with parents. Commonly, ECEC
services use the app to share parent newsletters, reminders, and
other service information. The app had not been previously used
to deliver nutrition interventions in the ECEC setting.

Intervention Strategies
The SWAP IT for Childcare intervention comprised 3
components.

Provision of Weekly Push Notifications and Within-App
Messages
A total of 11 push notifications messages were delivered over
10 weeks (1 per week, with an additional introductory message
delivered in week 1). The push notifications were sent by the
app provider. Each push notification alerted users to a
within-app message, which aimed to target parent barriers to
packing healthy lunch boxes. The message was accessible via
the push notification or could be accessed as part of the static
content within the app. A summary of each push notification,
within-app message, and the behavior change techniques is
available in the published protocol [32].

Provision of SWAP IT Options and Supporting
Resources Via the App
Several of the within-app messages provided a weblink to SWAP
IT Options—a comprehensive list of foods suitable for packing
in the lunch box. The web-based list was developed by dietitians
on the research team with expertise working within the setting.
The lists were divided into sections (sweet snacks, savory
snacks, and lunch foods) with drop-down tabs to explore foods
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recommended as swap from and swap to. Links to other
supporting information relevant to each message were also
provided, including fact sheets, short videos, and website links.

ECEC Service Endorsement of Program
To encourage initial and ongoing engagement with the app
content, intervention ECEC service managers were asked to
endorse the SWAP IT program and demonstrate support to
parents. To do this, the research team provided 2 templates to
service managers to communicate with parents during the course
of the trial, which service managers could deliver via the app
or by email. ECEC services were asked to deliver the
communications the week before the intervention and
midintervention (weeks 5-6).

Service Implementation Strategies to Increase App
Uptake and Engagement
Although not an implementation trial, to maximize uptake and
engagement with the intervention, some implementation
strategies were undertaken [43].

Use Financial Strategies and Train Stakeholders

Before the intervention, ECEC services that had not used the
app before the trial (intervention: 6/17, 35%; control: 5/17, 29%)
had their access paid for by the research team during the trial
period. Remote training was provided to new ECEC services
on how to use the app by the app provider.

Engage Consumers

On recruitment, parents were supported to gain access to the
app if not already doing so. Multiple strategies were used to
maximize the number of parents on the app before and during
the intervention. This included the research team providing
emails to service managers to send to parents, as well as
researchers sending emails sent directly to consenting parents
asking them to download the app. Emails included step-by-step
instructions on how to download the app and were distributed
via printed flyers to ECEC services.

Control
The ECEC services allocated to the control group received no
intervention. ECEC services had access to the app to use for
their own communications but did not receive any of the
intervention strategies or content.

Sample Size and Power Calculations
This study aimed to recruit 390 children from 18 ECEC services.
Allowing a 15% attrition rate, this would enable the detection
of a mean difference of 123 (SD 200) kJ in the primary outcome
(kilojoules from discretionary foods), with an α of .01 (adjusting
for multiple outcomes using Bonferroni adjustments) and an
estimated intraclass correlation coefficient of 0.1 with 80%
power. Such an energy reduction would represent approximately
a quarter of a serve reduction in packed discretionary foods and
could be expected to result in the detection of approximately
2.2 g less sugar, 0.6 g less saturated fat, and 44 mg less sodium
[32].

Measures and Data Collection Procedures

Overview
Service baseline data were collected between May 2018 and
July 2018. The 10-week intervention was delivered between
July and September 2018. Postintervention data were collected
for child lunch box outcomes during October and November
2018, and parent data were collected from October to December
2018.

The primary outcome measures were mean energy (kJ) provided
by discretionary foods and mean energy (kJ), saturated fat (g),
free sugars (mg), and sodium (mg) provided by all foods packed
in the lunch box. Secondary outcomes were mean energy from
discretionary foods (kJ) and mean energy (kJ), saturated fat (g),
free sugars (mg), and sodium (mg) from all foods consumed by
children from their lunch box. Other secondary outcomes were
the number of serves of core food groups (bread and cereals,
fruits, vegetables, dairy, meat, and meat alternatives) and
number of discretionary food serves packed and consumed by
children.

Packing and Consumption of Foods from Lunch Boxes
To assess the effectiveness of the intervention, data on food
contents packed and consumed from lunch boxes were collected
by trained research assistants, on one day, via weighed food
records before the child’s first meal and at the end of the child’s
last meal. ECEC services were asked not to inform parents of
the day of data collection to reduce performance bias on lunch
box packing behaviors. Weighed food records were used as
evidence indicates this is the most accurate way of capturing
portion sizes and quantities eaten [44,45]. On the day of data
collection, the children were instructed to leave all uneaten food
in the lunch box. Lunch box contents were also recorded on
written standardized forms and digitally photographed to verify
weighed records and identify inedible waste. Food record data
were extracted by trained dietitians and entered into a nutrition
analysis database (FoodWorks) [46]. Consumption data were
derived by subtracting the weight of the food left at the
completion of the last meal from the weight of food packed
before meals. FoodWorks was used to produce nutrient data
and the core food group serves data for both packed and
consumed amounts of food. The software uses core food group
classifications and serve sizes consistent with the Australian
Guide to Healthy Eating [6]. For foods that were homemade,
an appropriate standard recipe was sourced from within the
FoodWorks database. As FoodWorks does not have the function
to calculate discretionary food serves, this was undertaken
manually by trained dietitians, using definitions based on the
Australian Guide to Healthy Eating [6]. If further guidance was
required, discretionary food classifications were sourced from
the National Nutrition Survey food classification databases [47]
or consensus from the research team. Further details of the
FoodWorks data extraction processes and analysis are reported
elsewhere [48].

Parent and Service Characteristics
Parent-child dyad characteristics were collected via consent
forms and as part of a wider web-based survey sent via parent
email before the intervention. Service operational characteristics
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were collected via service manager pen and paper surveys
completed at baseline. During a site visit, the service nutrition
context was measured by trained observers using a modified
version of the Environment and Policy Assessment Observation
(EPAO) tool. The tool was adapted to include only nutrition
items from the original EPAO tool relevant to ECEC services
where foods are brought from home (ie, items related to services
that provide food were omitted). Additional items were added
related to staff monitoring of lunch boxes for discretionary
foods, staff actions taken as a result of discretionary foods in
lunch boxes, and the presence of specific lunch box guidelines
at the service [49].

Process Evaluation
Intervention fidelity was captured via app analytics and through
a service manager, self-completed written record. App analytics
were used to access data on app downloads and the SWAP IT
program use. Parent and service measures of acceptability and
feasibility of the SWAP IT program were undertaken using a
web-based survey and service manager pen and paper survey.
Acceptability and feasibility questions were modified versions
of items taken from the Acceptability of Intervention Measure
and the Feasibility of Intervention Measure [50]. Questions to
determine if any cointerventions occurred during the trial and
capture any adverse events as a result of the intervention were
included in the service manager pen and paper survey. Further
details of the process data collection methods and items used
within the surveys are provided in Multimedia Appendix 4 [50].

Statistical Analysis
A statistician independent of the study performed all analyses
using SAS (version 9.4) statistical software. Descriptive statistics
were generated for service, parent, and child characteristics.
The Australian Statistical Geography Standard Remoteness
Structure [51] was used to classify parent residences as a major
city, inner regional city, or outer city location. This classification
was included as health disparities, including nutrition-related
risk factors, exist between major city and inner regional cities
(characterized by shorter distances by road to access services)
and outer city locations (characterized by longer distances by
road to services) [52].

A measure of between-group differences in primary and
secondary outcomes was assessed for paired data using 2-level

hierarchical linear regression models. Models were adjusted for
potential ECEC service level clustering through a service
random effect and controlled for baseline service EPAO score
and if ECEC services were existing app users before the trial.
An intention-to-treat analysis was undertaken [53], with multiple
imputations undertaken for primary and secondary outcomes
using the SAS MI and MIANALYZE procedure. Complete case
analysis and prespecified subgroup analyses by child gender
and SES were undertaken by adding a group by subgroup
interaction fixed effect. SES was determined by parent postcodes
and classified as being in the top or bottom 50% of NSW
according to the Socioeconomic Indexes for Areas [54]. A
sensitivity outcome analysis, modeled similarly to the complete
case analysis, was undertaken whereby the effects of the
intervention were assessed in parents known to have only
downloaded the app (181/400, 51%). In addition to the analysis
prespecified as part of the trial protocol [32], an exploratory
analysis was performed to explore any association between how
often the service routinely used the app (mean hours per week)
and the parent viewing rate of within-app messages using
Spearman rank order correlation.

Results

Sample
The combined consent rate of ECEC services was 45% (18/40;
40 services approached to reach the required 18 services). A
service in the intervention arm ceased using the required app
and withdrew from the study (before baseline data but after
random allocation). Within the 17 consenting ECEC services,
400 parent-child dyads consented to participate in the baseline
data collection. The mean parent consent rate was 51%. Data
on packed lunch box contents were collected for 88.8%
(355/400) of the children at baseline and for 84.3% (337/400)
after the intervention. Consumption data were collected for 88%
(352/400) of children at baseline and for 84.3% (337/400) after
the intervention (Figure 1). The number of parents from the
intervention group completing the web-based survey after the
intervention was 21.6% (41/190). Parents who completed the
survey were less likely to have a Technical and Further
Education certificate or diploma (P=.04) or be from an inner
regional city. (P=.04). Postintervention service pen and paper
surveys were completed by all intervention ECEC services.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. ECEC: early childhood education and care.

Parent and Service Characteristics
Baseline characteristics of ECEC services, parents, and children
with lunch box data at baseline are reported in Table 1.
Characteristics were similar across groups; however, the
intervention group had a higher proportion of parents located
in the outer regional areas than the control group. As the

intervention was delivered at the cluster level rather than at the
individual level, geographical remoteness was accounted for
by stratifying services by this factor during randomization and
not controlled for as part of the analysis. Before the intervention,
12% (2/17) of ECEC services in the intervention group were
existing users of the app, and 35% (6/17) of ECEC services had
not been using any app.
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Table 1. Characteristics of ECECa services (n=17) and children (n=355).

ControlInterventionCharacteristics

Service

9 (53)8 (47)ECEC services, n (%)

ECEC service type

7 (78)7 (88)Preschool

2 (22)1 (12)Long day care

8.2 (0.88)8.2 (1.54)Hours opened per day, mean (SD)

68.7 (21.58)68.1 (27.4)Number of child enrollments, mean (SD)

16.63 (2.86)18.35 (2.33)Modified EPAOb score (score out of 20), mean (SD)c

Parent and children dyads

190 (53.5)165 (46.5)Dyads, n (%)

3.9 (0.67)3.9 (0.68)Child age (years)d, mean (SD)

Child gender, n (%)

98 (51.6)86 (52.1)Female

92 (48.4)79 (47.9)Male

Parent SEIFAe (based on postcode)f, n (%)

102 (55.7)98 (62.8)Most disadvantaged

81 (44.3)58 (37.2)Least disadvantaged

Parent education levelg, n (%)

40 (22.2)37 (23.4)Attended or completed high school

59 (32.8)50 (31.6)Technical or Further Education (TAFE) certificate or diploma

81 (45)71 (44.9)Completed university or college degree or higher

ASGSRSh,i, n (%)

157 (87.2)100 (64.1)Major cities and inner regional

26 (14.4)56 (35.9)Outer regional

aECEC: early childhood education and care.
bEPAO: Environment and Policy Assessment Observation.
cMissing data (control: n=1).
dMissing data (intervention: n=15; control: n=10).
eSEIFA: Socioeconomic Indexes for Areas.fMissing data (intervention: n=9; control n=7).
gMissing data (intervention: n=7; control: n=10).
hASGSRS: Australian Statistical Geography Standard Remoteness Structure.
iMissing data (intervention: n=9; control: n=10).

Packing and Consumption of Foods From Lunch Boxes
The results for the primary outcomes after multiple imputation
and for complete case analysis are presented in Table 2. There
was no significant difference between groups for the primary
outcomes (kilojoules from discretionary foods and kilojoules
from saturated fat, free sugars, and grams of sodium from all
foods) packed or consumed. In addition, there was no difference
in secondary outcomes, including packed or consumed serves

of any core food groups or discretionary food serves between
groups (Table 3). Data regarding the nutrients and food groups
consumed are presented in Multimedia Appendix 5. The
sensitivity analysis, which included only those parents known
to have downloaded the app (181/355, 51%), also did not detect
any statistically significant differences (Multimedia Appendix
6). The subgroup analysis by gender and SES demonstrated no
significant differences between groups (Multimedia Appendix
7).
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Table 2. Mean change in total energy, energy from discretionary foods, and associated nutrients by group (packed).

Complete case analysisaImputed difference

postinterventiona
Control (n=167)Intervention (n=139)Energy and nu-

trients

P valuebMean differ-
ence (95%
CI)

P valuebMean differ-
ence (95%
CI)

Postintervention, mean
(SD)

Baseline,
mean (SD)

Postintervention, mean
(SD)

Baseline,
mean (SD)

Packed

.9019.45
(−293.05 to
331.94)

.8039.53
(−264.57 to
343.64)

2762.47 (829.61)2077.76
(672.89)

2820.13 (774.26)2892.68
(850.71)

Total energy
(kJ)

.6062.78
(−190.87 to
316.42)

.5377.84
(−163.49 to
319.18)

712.03 (685.86)800.78
(724.92)

799.26 (693.29)774.58
(644.77)

Energy from
discretionary
foods (kJ)

.450.56 (−1.00
to 2.12)

.260.72 (−0.52
to 1.96)

7.84 (4.43)8.97 (5.03)8.62 (4.76)9.64 (4.79)Saturated fat (g)

.501.04 (−2.23
to 4.32)

.062.27 (−0.14
to 4.68)

12.30 (11.59)14.32
(11.94)

14.32 (11.94)13.48
(9.65)

Free sugars (g)

.4260.78
(−95.85 to
217.42)

.4149.93
(−68.86 to
168.72)

934.74 (390.30)1026.12
(420.24)

986.98 (365.59)1010.17
(426.86)

Sodium (mg)

aAll data adjusted for baseline and clustering and service Environment and Policy Assessment Observation score at baseline.
bStatistical significance inferred by P values <.01.

Table 3. Mean change in serves of discretionary foods and core food groups packed by group.

Complete case analysisbImputed difference

postinterventiona
Control (n=167)Intervention (n=139)Food group

P valuecMean differ-
ence (95%
CI)

P valuecMean differ-
ence (95%
CI)

Postintervention,
mean (SD)

Baseline,
mean (SD)

Postintervention,
mean (SD)

Baseline,
mean (SD)

Packed (serves)

.600.10 (−0.32
to 0.53)

.530.13 (−0.27
to 0.53)

1.19 (1.14)1.33 (1.16)1.33 (1.16)1.29 (1.07)Discretionary foodsd

.15−0.21 (−0.51
to 0.09)

.09−0.27 (−0.58
to 0.05)

2.30 (1.06)2.17 (0.96)2.10 (1.01)2.03 (1.02)Breads and cerealse

.59−0.12 (−0.50
to 0.26)

.61−0.10 (−0.47
to 0.27)

2.30 (1.06)1.31 (0.89)1.22 (0.82)1.27 (0.85)Fruitf

.63−0.02 (−0.13
to 0.08)

.970.00 (−0.10
to 0.10)

0.21 (0.38)0.21 (0.38)0.20 (0.36)0.25 (0.40)Vegetablesg

.980.00 (−0.14
to 0.15)

.750.02 (−0.12
to 0.17)

0.57 (0.50)0.57 (0.50)0.61 (0.49)0.71 (0.52)Dairyh

.870.00 (−0.05
to 0.06)

.600.01 (−0.04
to 0.06)

0.05 (0.16)0.07 (0.23)0.06 (0.20)0.06 (0.21)Meat and alternativesb

aAll data adjusted for baseline and clustering and service Environment and Policy Assessment Observation score at baseline.
bMeat and alternatives: examples of 1 serve=65 g of cooked lean meat, 80 g of cooked poultry, 100 g cooked fish, 2 large eggs, 1 cup of legumes or
beans [6].
cStatistical significance inferred by P values <.01.
dCalculated using 600 kJ equivalents; that is, approximately 2 scoops of ice cream, 50 to 60 g of processed meats, 30 g of salty crackers, 2 to 3 sweet
biscuits, and 1 (40 g) donut [6].
eBreads and cereals: examples of 1 serve=1 slice of bread; half medium roll; half cup of cooked rice, pasta, or noodles; and two-third cup wheat cereal
flakes [6].
fVegetables: examples of 1 serve=half cup cooked vegetables; half cup beans, peas, or lentils; 1 cup of leafy green or raw vegetables; half medium
potato; and 1 medium tomato [6].
gFruit: examples of 1 serve=1 medium apple, 2 small fruits, 1 cup of diced or canned fruit, and 30 g of dried fruit [6].
hDairy and alternatives: examples of 1 serve=1 cup milk, 2 slices of hard cheese (40 g), and three-fourth cup yogurt [6].
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Process Evaluation

Intervention Fidelity
All (11/11, 100%) of the push notifications messages were
delivered via the app to intervention ECEC services as planned.
A message video link failed at week 9 and was resent as part
of an unplanned additional message in week 11. All service
managers reported sending the preintervention and midway
planned support messages to parents (7/7, 100%; missing data
1/7, 14%).

App Downloads and SWAP IT Program Use
All ECEC services had access to the app, and it was available
for all parents to download. The percentage of intervention
families with data at baseline (as included in the multiple
imputation analysis) and known to have the intervention app
was 61.8% (102/165; missing data on app ownership 15/165,
9.1%).

Data on the number of unique within-app message views are
presented in Multimedia Appendix 4 [50]. As app analytics only
provided deidentified data, data specific to parents in the trial
could not be separated from data on all users of the app at the
intervention ECEC services. The number of unique within-app
message views decreased over time, with a mean of 139 (SD
42.7) views per message and a mean viewing rate of 26% (SD
14.9%).

SWAP IT Program Acceptability
Data on the acceptability of the SWAP IT program by service
managers and parents are reported in Multimedia Appendix 4
[50]. Parents who completed the survey reported that they liked
the SWAP IT program (34/41, 83%) and found the program
useful (33/41, 80%) and easy to use (36/41, 87%). Only 57%
(4/7) of ECEC services rated the overall program as useful;
however, most agreed that the resources within the program
were helpful for families (6/7, 86%). Both ECEC services (8/8,
100%) and families that completed the survey (41/41, 100%)
agreed or had no feelings either way regarding the timing and
frequency of the push notification measures.

Feasibility of Ongoing Use of the App
Most ECEC services and parents who completed the survey
agreed that it was appropriate to deliver lunch box information
via the app (6/8, 75% and 40/50, 80%, respectively). During
the intervention, most intervention ECEC services reported
using the app for functions other than the delivery of the
program (6/7, 86%; eg, for distribution of parent newsletters).
Self-reported use of the app ranged from 0 to 2 hours per week.
Only 57% (4/7) of ECEC services indicated that they planned
to continue to use the app, with 29% (2/7) of ECEC services
indicating they were unsure and 14% (1/7) of services reporting
that they did not plan to continue with the app after the end of
the SWAP IT program.

Cointervention and Adverse Events
The service reported changes in the frequency of parent
complaints or concerns regarding healthy lunch box policy did
not differ between the groups. No contamination was reported;
that is, the app was not used to send any other health or nutrition

information. No ECEC services in the intervention or control
groups reported exposure to additional nutrition interventions
throughout the duration of the trial.

Outcomes From the Study Protocol Not Reported
Owing to the null findings, neither a cost-effectiveness analysis,
as specified in the study protocol, nor the planned analysis of
data collected on the usual daily dietary intake of children (to
be able to detect any compensatory dietary behaviors) was
conducted.

Association Between ECEC Service Hours of Routine
Use of the App and Parent Viewing Rate
The exploratory analysis found an association between the
number of routine hours of use of the app by ECEC services
and the parent viewing rate of within-app messages; however,
this association was not significant (P=.21; data not provided).

Discussion

Principal Findings
To our knowledge, the SWAP IT Childcare trial is the first trial
to evaluate the efficacy of an mHealth intervention to improve
lunch box contents in ECEC settings internationally. However,
contrary to our hypothesis, the intervention had no impact on
the primary outcome of the number of kilojoule from
discretionary foods packed in children’s lunch boxes. In
addition, process evaluation found low parent app downloads
and message viewing rates.

When looking to compare the findings of the trial with other
published studies, we were unable to identify any other healthy
eating–focused mHealth interventions or DHIs targeting parents
and children through ECEC settings. Therefore, we have
primarily compared the findings with those of the original SWAP
IT trial publications conducted in the primary school setting
[39].

Although the results of our parent survey data indicated that
delivery of a lunch box program via the app was considered
appropriate, the mean viewing rate of the within-app message
was only 26% (SD 14.9). Furthermore, only 61.8% (102/165)
of parents in the intervention group were known to have
downloaded the app, leaving 38.2% (63/165) of parents
unexposed to program content. Such process data are in contrast
to findings reported in a SWAP IT pilot study undertaken in a
primary (elementary) school setting [39]. The intervention in
the SWAP IT pilot study was similar to this study, including
push notifications and within-app message content; however,
it also included the distribution of resources to parents, policy,
and classroom resources [39]. The pilot study reported higher
parent app downloads (89%) and message views (between 35%
and 120% over the 10-week intervention) and was able to
demonstrate a reduction in the packing of kilojoules from
discretionary foods (−221 kJ; P=.08, nonsignificant) [39].

Contextual differences between the ECEC and school settings
in the study region may potentially explain the differences in
the findings between these trials. In the school trial, all schools
were existing users of the app used to deliver the SWAP IT
program compared with just 2 ECEC services in the intervention
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arm of this trial. In addition, most parents were existing users
of the app (355/400, 88.8%) [39]. Greater integration and
preprogram use of the app may have meant that parents in the
school trial were more likely to be routinely accessing the app
to receive information and, in doing so, were more likely to
access the SWAP IT program content. This premise is supported
by our exploratory analysis, which found a positive
nonsignificant association between how much time the ECEC
services used the app for general communication with parents
and the SWAP IT parent message viewing rate. In addition, it
is possible that the inclusion of supportive ECEC service–based
strategies targeting nutrition curriculum and policy, similar to
that undertaken to the trial in schools, may have been useful in
increasing the impact of the intervention.

Our ability to detect an effect on discretionary food packing
may have also been limited by the lower than anticipated
baseline packing of discretionary foods in the participating
ECEC services [48]. The trial baseline data found ECEC child
lunch boxes contained only a mean of 1.33 (SD 1.16) serves of
discretionary foods [48]. This was considerably lower than the
mean of 2.5 serves per lunch box reported in schools in the same
region [55]. Although the serves of discretionary foods packed
in the ECEC services exceeded recommended serves per day
for our age group (ie, 0-0.5 serves) [6], the lower number of
serves packed at baseline possibly limited scope for further
improvement without a more intensive intervention approach.
In contrast, a large scope for improving vegetable packing and
consumption in children attending ECEC services was evident
from the trial baseline data (only 0.3 mean vegetable serves
packed and 0.1 serves consumed) [48]. As such, future iterations
of the intervention would benefit from the inclusion of specific
strategies to improve vegetable packing and intake, along with
continued efforts to minimize discretionary foods.

The intervention’s lack of impact on parent packing of
discretionary foods may have also been because of the decline
in the rate of program message opening over the course of the
trial. The pattern of the continued drop-off in use observed in
our study is similar to those reported in many mHealth and DHI
interventions [39,56-59]. The drop-off in engagement occurred
in the trial despite the inclusion of several features explicitly
designed to enhance engagement (user consultation, use of
behavior change techniques, reminders, and information being
provided from a credible source) [60,61] and the addition of a
specific intervention strategy to prompt ongoing use (service
manager delivered support messages). Additional factors found
to be associated with sustained DHI use in the literature include

perceived ongoing relevance, novelty value, tailoring, and
self-monitoring [60,62]. Further qualitative exploration of
parents’ reasons for low engagement and consideration of
additional evidence-based features that could be added to the
program to enhance engagement would be beneficial.

Strengths and Limitations
The strengths of this study include explicit mapping of behavior
change theory to design the intervention, use of objective gold
standard measures to assess lunch box contents, high follow-up
rate, comprehensive process measures, and randomized trial
design. A key limitation of the trial is that the app analytics
could only capture use data at the service level, meaning that
the true proportion of parents who accessed the messages is
unknown (as message views may have been from parents from
the service but not participating in the evaluation component
of the trial). This limited our ability to conclusively determine
whether the null findings were generally more likely to be a
result of poor access, the program content itself, or a
combination. This limitation extends to our additional analysis
of only those parents who were known to have downloaded the
app. Finally, given the low survey response rate (41/190, 21.6%)
and differences in characteristics in survey completers compared
with the overall parent sample, our acceptability survey data
may have been influenced by response bias. The generalizability
of the findings to ECEC services outside of the study region
may be limited.

Conclusions
The intervention failed to decrease energy from discretionary
foods in children’s lunch boxes. However, the use of apps was
rated as an appropriate modality for delivering information
related to the packing of healthier foods in lunch boxes. Process
data suggest that the lack of impact may have been because of
factors associated with the implementation of the intervention,
such as the low parent uptake and use of the app, as well as the
lower than expected levels of packing of discretionary foods at
baseline. Given these limitations, the current feasibility of using
mHealth interventions to target parent packing of healthier foods
in lunch boxes is still uncertain. Future trials should invest time
in collecting formative data on how ECEC services and parents
currently use and engage with different digital platforms to best
identify the ideal technology to deliver parent-focused nutrition
interventions in this setting. In addition, given drop-offs in use
over time, exploration of parent reasons behind poor ongoing
use will also assist in enhancing program design and content to
improve engagement.
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Abstract

Background: Suboptimal understanding of depression and mental health disorders by the general population is an important
contributor to the wide treatment gap in depression. Mental health literacy encompasses knowledge and beliefs about mental
disorders and supports their recognition, management, and prevention. Besides knowledge improvement, psychoeducational
interventions reduce symptoms of depression, enhance help-seeking behavior, and decrease stigma. Mental health apps often
offer educational content, but the trustworthiness of the included information is unclear.

Objective: The aim of this study is to systematically evaluate adherence to clinical guidelines on depression of the information
offered by mental health apps available in major commercial app stores.

Methods: A systematic assessment of the educational content regarding depression in the apps available in the Apple App Store
and Google Play was conducted in July 2020. A systematic search for apps published or updated since January 2019 was performed
using 42matters. Apps meeting the inclusion criteria were downloaded and assessed using two smartphones: an iPhone 7 (iOS
version 14.0.1) and a Sony XPERIA XZs (Android version 8.0.0). The 156-question assessment checklist comprised general
characteristics of apps, appraisal of 38 educational topics and their adherence to evidence-based clinical guidelines, as well as
technical aspects and quality assurance. The results were tabulated and reported as a narrative review, using descriptive statistics.

Results: The app search retrieved 2218 apps, of which 58 were included in the analysis (Android apps: n=29, 50%; iOS apps:
n=29, 50%). Of the 58 included apps, 37 (64%) apps offered educational content within a more comprehensive depression or
mental health management app. Moreover, 21% (12/58) of apps provided non–evidence-based information. Furthermore, 88%
(51/58) of apps included up to 20 of the educational topics, the common ones being listing the symptoms of depression (52/58,
90%) and available treatments (48/58, 83%), particularly psychotherapy. Depression-associated stigma was mentioned by 38%
(22/58) of the apps, whereas suicide risk was mentioned by 71% (41/58), generally as an item in a list of symptoms. Of the 58
included apps, 44 (76%) highlighted the importance of help seeking, 29 (50%) emphasized the importance of involving the user’s
support network. In addition, 52% (30/58) of apps referenced their content, and 17% (10/58) included advertisements.

Conclusions: Information in mental health and depression apps is often brief and incomplete, with 1 in 5 apps providing
non–evidence-based information. Given the unmet needs and stigma associated with the disease, it is imperative that apps seize
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the opportunity to offer quality, evidence-based education or point the users to relevant resources. A multistakeholder consensus
on a more stringent development and publication process for mental health apps is essential.

(J Med Internet Res 2022;24(3):e28942)   doi:10.2196/28942

KEYWORDS

health literacy; mental health literacy; depression; mobile apps; apps; telemedicine; mHealth; self-management; mobile phone

Introduction

Background
Depression affects >264 million people worldwide and was the
third major contributor of years lost to disability in 2017 [1].
Yet, approximately 50% of the people living in high-income
countries and at least 75% of the people living in low- and
middle-income countries [2,3] have neither been diagnosed nor
receive treatment. Untreated depression is associated with
increased morbidity and mortality, including death by suicide,
poverty and unemployment at an individual level, and significant
increase in health expenditure at health system level because
of increased health care use and decreased workforce
productivity of the affected individuals [3,4]. Although the
reasons for this wide treatment gap are multifarious, suboptimal
understanding of depression and mental health disorders in the
general population is considered an important contributor to
low use of mental health services. Studies assessing the general
population’s mental health literacy through the use of
standardized clinical vignettes have shown poor recognition of
common mental health disorders [5-7].

Mental Health Literacy
Mental health literacy is defined as “the knowledge and beliefs
about mental disorders, which aid their recognition, management
or prevention” [8]. It encompasses the acquisition of factual
knowledge of mental health disorders as well as development
of competencies and beliefs enabling prevention, early
recognition of symptoms, help seeking, self-help, and provision
of first aid to others [5]. Evidence-based clinical guidelines for
management of depression indicate that psychoeducation is
pivotal in terms of disease management [9-12] and necessary
to expand the shared-decision model of care in mental health
services [13].

Educational Topics
Educational topics focused on depression may include
information related to its natural history, symptoms and signs,
treatment options such as pharmacotherapy and a range of
nonpharmacological treatments and possible side effects, as
well as information related to prognosis and effective
self-management interventions [9]. Psychoeducational
interventions have been shown to increase mental health literacy
and, most importantly, to yield small but significant reductions
in symptoms of depression and mental distress [14,15], hence
offering simple, inexpensive, and readily available tools for
symptom management [14].

There are other notable benefits of psychoeducation, particularly
stigma reduction [16-18] and increased help-seeking behavior
[6,19-21]. Mental health stigma remains a significant barrier to

the use of mental health services because it affects the access
and quality of health care provision for people living with mental
health disorders and depression [22,23]. Social stigma or public
stigma are linked to discrimination, avoidance, and inadequate
treatment [24], whereas self-stigma or internalized stigma may
erode self-esteem and self-efficacy or lead to anger or
indifference [24], which may in turn hamper help seeking [25].
Although multilevel coordinated and sustained efforts are needed
to mitigate the prevailing mental health stigma, simple
interventions such as the use of personal narratives have shown
promise in fostering depression awareness [26,27] and more
positive attitudes among the public [26,28,29].

Mental Health Apps
Since the early 2000s, the search for health information has
shifted increasingly to the web [30], and this trend has further
intensified with the advent of smartphones [31] and mobile
apps. A recent systematic review on the provision of medical
education using smartphones reported that approximately
two-thirds of the reviewed interventions were effective in
improving patients’knowledge and clinical outcomes [32]. The
Apple App Store and Google Play, which are the major sources
of apps worldwide [33], currently include >10,000 mental health
apps [34] that offer a wide range of functionalities comprising
education, screening, and self-management programs for a wide
range of disorders [35,36]. However, most of the published apps
have not been assessed in clinical trials and are not evidence
based [34,37].

Given the increasing popularity of health apps, a number of
studies evaluating direct-to-consumer apps have been published
in recent years, including the general characteristics of the apps
[38], key features and functionalities of highly downloaded [39]
or highly rated apps [40], techniques commonly used in
face-to-face psychotherapy [41], or adherence of self-guided
app interventions to evidence-based clinical guidelines [42].
These studies include a variety of assessment methodologies,
from researcher-developed checklists [38,41,42] used in specific
projects to the use of standardized assessment tools such as the
Mobile App Rating Scale [36,43] or the Organization for the
Review of Care and Health Applications–24 Question
Assessment [44], focusing on the usability and technical aspects
of the apps. In contrast, the health-related content of apps is
seldom included in assessment checklists.

Existing mental health apps often include educational
components, either as its sole functionality or within a
depression or mental health management app. The
trustworthiness, adherence to evidence, and depth of information
offered by these apps is unclear because, to date, no reviews
offering an in-depth assessment of the content of education on
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depression modules provided by mental health apps has been
published.

Therefore, this study aims to systematically evaluate the
adherence to evidence-based clinical guidelines of the
information on depression provided by mental health and
depression apps available in the Apple App Store and Google
Play.

Methods

We followed a rigorous assessment process, developed at our
center and used in previous app assessment projects [45-48],
by adapting systematic review methodology for the app search,
selection, assessment, and data analysis.

Development of the Assessment Criteria
The research team designed the assessment criteria to evaluate
the clinical and technical features of apps. The criteria included
the following three domains:

1. General attributes, as described in the app store description,
including developer, category, ratings, education-delivery
format, target group, country of origin, and cost.

2. Appraisal of depression education modules, comprising the
scope of information provided by the app and its adherence
to evidence-based clinical guidelines from the Royal
Australian and New Zealand College of Psychiatrists [11],
Singapore’s Ministry of Health [49], the United Kingdom’s
National Institute for Health and Care Excellence [50], and
the American Psychiatric Association [9], as well as
concordance with expert opinions on content of mental
health awareness public campaigns [51,52]. The criteria
included 46 questions encompassing 38 educational topics
on symptoms and diagnostic criteria of depression, natural

history, importance of help seeking, treatment (including
pharmacological and nonpharmacological treatments, side
effects of medication, and importance of treatment
adherence), stigma, recovery, and suicide prevention
information and resources. Multimedia Appendix 1
[9,11,49,50,53] presents the educational content appraisal
questionnaire.

3. Technical aspects and quality assurance of the app,
including usability, app credibility, in-app advertisements,
privacy and security safeguards, and gamification.

Selection of Apps
The Apple App Store and Google Play were systematically
searched using 42matters, a proprietary app database [54], on
July 8, 2020, using the terms depression, depressive, depressed,
mood disorder, sadness, and melancholia. The search was
limited to four app store categories: education, health and fitness,
lifestyle, and medical. Eligible apps were required to conform
to the criteria presented in Textbox 1.

The app selection process is presented as a flowchart (Figure
1) [55]. Before screening for eligibility, we excluded all Android
apps with <1000 downloads as reported in the 42matters search
output. As iOS does not report the number of app downloads,
the iOS versions of the excluded Android apps were also
excluded on the assumption that the app would have a similar
number of downloads in both app stores. The remaining apps
underwent a 2-step selection process that consisted of (1)
screening the app name and app store description from the 42
matters search output and (2) downloading and screening for
eligibility all apps included in step 1. Working in parallel, 2
pairs of investigators (LM and Goh Jun Wei; LM and Matthew
Teo Siu Yan) independently completed the app selection
process. Disagreements were resolved through discussion.

Textbox 1. Inclusion and exclusion criteria for smartphone app selection.

Inclusion criteria

• Provides information about depression, including clinical presentation, diagnosis, and management (both pharmacological and nonpharmacological)

• Targets depression or includes depression information within a general mental health app

• Uploaded or updated from January 1, 2019, onward

• Downloaded at least 1000 times

• Available for free or requires payment to download, use, or expand functionalities (in-app purchases) and is available for download in the Apple
App Store or Google Play

• Available in English

Exclusion criteria

• Presents an overview of common physical and mental disorders, using a glossary format

• Targets health care providers (eg, physicians, psychologists, and counselors) or the support network of a person with depression or consists
exclusively of peer-support forums

• Offers teleconsultation services with physicians, psychologists, counselors, or other health care providers

• Consists of a stand-alone depression screening questionnaire, without education modules

• Offers complementary medicine, meditation, or lifestyle improvement

• Does not provide any depression-related information or includes non–health-related content (ie, music playlists, wallpapers, and so on)

• Requires an access code to log in, or could not be used after 2 log in attempts because of technical problems, or was withdrawn from the app
store at the time of access
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Figure 1. App selection flowchart.

App Assessment and Data Analysis
Apps were assessed by 2 assessors working in parallel using an
iPhone 7 (iOS version 14.0.1) and a Sony XPERIA XZs
(Android version 8.0.0) smartphone. If apps were available on
both platforms, as per the 42matters search output, we assessed
both versions and counted each version as an individual app.
We used descriptive statistics to analyze the data. We compiled
and tabulated the results and reported them as a narrative
synthesis.

Subgroup Analysis of Android Apps
We performed a subgroup analysis of Android apps to assess
whether the number of app downloads was associated with the
educational content or the quality or number of features offered
by the apps. Apps were categorized into two groups: apps
downloaded 1000-10,000 times and apps downloaded >10,000
times. The assessment included selected items from all 3
sections of the assessment. The data were tabulated and
compared using a significance test for categorical variables: the
chi-square test was used if each category contained >10 variables
and a 2-tailed Fisher exact test was used if any of the categories

in the contingency table contained <10 variables. Statistical
significance was set at P<.05. Statistical analyses were
performed in RStudio (R version 4.0.3). iOS apps were not
included in this analysis because the Apple App Store does not
include this information.

Results

The app search retrieved 2218 results after removing duplicates
and excluding apps with <1000 downloads, of which 245 were
downloaded and 58 were included in the analysis. Figure 1
describes the app selection process.

General Characteristics of Apps
Table 1 presents a summary of the characteristics of the included
apps. Of the 58 apps included in this analysis, 29 (50%) were
Android apps and 29 (50%) were iOS apps; 21% (12/58) of the
apps were available on both platforms, and 60% (35/58) of the
apps belonged to the health and fitness app store category. Of
the 29 Android apps, 3 (10%) had been downloaded >1 million
times [56-58]. Of the 58 included apps, 15 (26%) offered only
education and information modules, whereas 37 (64%) offered
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education modules along with other mental health or depression
management features. A simple interface that did not allow for
user feedback or customization was offered by 41% (12/29) of

the Android apps and 31% (9/29) of the iOS apps. More than
10% of the apps offered education modules targeted to specific
user groups.

Table 1. General characteristics of apps (N=58).

Total (N=58), n (%)iOS (n=29), n (%)Android (n=29), n (%)Feature

App store category

4 (7)0 (0)4 (14)Education

35 (60)18 (62)17 (59)Health and fitness

2 (3)1 (3)1 (3)Lifestyle

17 (29)10 (34)7 (24)Medical

App store rating, stars

40 (69)18 (62)22 (76)3.6 to 5

7 (12)4 (14)3 (10)1 to 3.5

11 (19)7 (24)4 (14)No ratings

App cost

33 (57)15 (52)18 (62)Free

25 (43)14 (48)11 (38)Free + in-app purchases

0 (0)0 (0)0 (0)Paid

Language

49 (84)23 (79)26 (90)English

9 (16)6 (21)3 (10)English and other languages

Target user of the app

51 (88)26 (90)25 (86)No target user

1 (2)0 (0)1 (3)Police officers

2 (3)1 (3)1 (3)Veterans

4 (7)2 (7)2 (7)Youth aged 12-18 yearsa

Scope of the app

39 (67)18 (62)21 (72)General mental health

19 (33)11 (38)8 (28)Depression

Type of app

15 (26)5 (17)10 (34)Information and education

37 (64)21 (72)16 (55)Disease management with education section

3 (5)2 (7)1 (3)Education with disease management section

3 (5)1 (3)2 (7)Multimedia education

Number of education topics

13 (22)6 (21)7 (24)<10

38 (66)20 (69)18 (62)10-20

7 (12)3 (10)4 (14)>20

35 (60)19 (66)16 (55)Emergency contact information for users at risk of suicide

4 (7)2 (7)2 (7)Peer-support communities

12 (21)2 (7)10 (34)Non–evidence-based information

aYouth was defined by the cutoff age provided by the apps.
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Depression Education Modules

Overview
Multimedia Appendix 2 presents a detailed description of the
educational content in included apps. The apps offered a variety
of information or educational topics, as summarized in Table
2. Most of the apps (51/58, 88%) included up to 20 educational

topics. One in five apps provided non–evidence-based
information, mostly in the form of personal opinions of the
developers or columnists. Most of the apps informed users about
the symptoms of depression and listed available treatments.
Personal narratives on depression [51] were included only in
approximately 20% of the apps.
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Table 2. Depression education topics included in the apps (N=58).

Total (N=58), n (%)iOS (n=29), n (%)Android (n=29), n (%)Education topics included in the app

General information on depression

12 (21)6 (21)6 (21)Personal narratives of depression

39 (67)19 (66)20 (69)Depression is different from sadness

33 (57)18 (62)15 (52)Demographic and epidemiological facts

18 (31)12 (41)6 (21)Natural history of the disease

52 (90)26 (90)26 (90)Lists symptoms of depression

14 (24)5 (17)9 (31)Explains what recurrence and relapse are

22 (38)11 (38)11 (38)Addresses stigma linked to depression

43 (74)20 (69)23 (79)Mentions suicide risk linked to depression

Screening for depression

13 (22)6 (21)7 (24)Describes diagnostic criteria of depression

6 (10)3 (10)3 (10)Provides reference to DSM-5a or ICD-10b

27 (47)16 (55)11 (38)Administers a screening questionnaire

13 (48)8 (50)5 (45)PHQ-9c

1 (4)0 (0)1 (9)PHQ-9 + GAD-7d

3 (11)2 (13)1 (9)PHQ-9 + other validated questionnaires

3 (11)2 (13)1 (9)Other validated questionnaires

7 (26)4 (25)3 (27)Nonvalidated questionnaires

10 (17)3 (10)7 (24)Explains the need for a confirmatory diagnosis after screening

Treatment of depression

44 (76)21 (72)23 (79)Importance of seeking help

2 (3)1 (3)1 (3)Addresses phases and types of treatment (stepped or integrated treatment)

43 (74)21 (72)22 (76)Advises to seek specialist treatment

29 (50)13(45)16 (55)Importance of involving support network

16 (28)8 (28)8 (28)Importance of complying with treatment

53 (91)26 (90)27 (93)Lists available treatments

Treatments mentioned by the app

7 (12)4 (14)3 (10)Psychotherapy

23 (40)10 (34)13 (45)Psychotherapy + pharmacotherapy

14 (24)7 (24)7 (24)Psychotherapy + pharmacotherapy + others

2 (3)2 (7)0 (0)Psychotherapy + others

4 (7)1 (3)3 (10)Complementary medicine

3 (5)2 (7)1 (3)Others

39 (67)21 (72)18 (62)Importance of lifestyle changes

39 (67)20 (69)19 (66)Effects of physical exercise

35 (60)19 (66)16 (55)Offers emergency helpline phone numbers

20 (34)13 (45)7 (24)Prognosis in patients receiving treatment

6 (10)3 (10)3 (10)Addresses recovery and provides a hopeful outlook

aDSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
bICD-10: International Classification of Diseases, Tenth Revision.
cPHQ-9: Patient Health Questionnaire, 9-item version.
dGAD-7: Generalized Anxiety Disorder, 7-item scale.
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Symptoms and Natural History of Depression
Of the 58 included apps, 52 (90%) listed the symptoms of
depression, whereas 39 (67%) stated the difference between
depression and occasional low moods or sadness. Brief
information on the epidemiology of depression was included
in half of the assessed apps. Stigma associated with depression
was mentioned by 38% (22/58) of the apps, whereas only 10%
(6/58) included information on recovery.

Suicide risk associated with depression was mentioned by 74%
(43/58) of the apps, generally as an item in a list of symptoms.
Suicide prevention resources were offered by 60% (35/58) of
the apps, including 55% (16/29) of the Android apps and 66%
(19/29) of the iOS apps. The most common resource offered
by the apps was information on crisis helplines (telephone
numbers or website addresses).

Screening for Depression
Of the 58 included apps, 13 (22%) offered information on the
diagnostic criteria for depression, 6 (10%) referenced psychiatric
diagnostic manuals, and 10 (17%) explained the need to confirm
diagnosis of depression after a positive screening test. Of the
58 apps, 27 (47%) apps administered a screening questionnaire
for depression, commonly the Patient Health Questionnaire-9
[59]. Only 48% (13/27) of the apps responded to positive
screening test scores by either offering self-management
exercises for the user to engage with or suggesting consulting
with a health care provider, commonly a physician, whereas the
rest of the apps did not provide any feedback.

Treatment of Depression
Of the 58 included apps, 44 (76%) highlighted the importance
of seeking help when affected by depression and consulting
specialized providers if the symptoms were severe or persistent.
Half of the Android apps and one-third of the iOS apps also
emphasized the importance of involving members of the user’s
support network. Few apps included providers’ contact
information, and when such information was present, it was
limited to contact information of the app development team;
none of the apps included geolocated lists of health care
providers by; for example, facilitating a search through
navigation providers such as Google Maps.

More than 90% of the apps listed existing treatments for
depression, without providing a description of what each
category entailed. Psychotherapy was the most commonly
mentioned treatment category (44/58, 76%), followed by
medications (37/58, 64%), whereas 12% (7/58) of the apps
included brain stimulation treatments as well. Nevertheless, few
apps offered more comprehensive information on the different

treatment modalities, including explanations of what each
treatment involves and relevant examples (eg, types of
psychotherapy and antidepressant groups). Information on
psychotherapy modalities was offered by 34% (10/29) of the
Android apps and 52% (15/29) of the iOS apps, whereas few
Android or iOS apps offered information on medication types
(8/58, 14%), side effects (13/58, 22%), nonaddictive nature of
frequently used antidepressants (5/58, 9%), or gradual initiation
and discontinuation of therapy (10/58, 17%).

Benefits of lifestyle modifications, including regular exercise,
was mentioned by 67% (39/58) of the assessed apps, whereas
complementary medicine, including St John’s wort, light
therapy, and acupuncture, was mentioned by 7% (4/58) of the
apps.

Technical Aspects and Quality Assurance of the App
All assessed apps worked as intended and were generally easy
to use. Data entry from users was not requested by 31% (9/29)
of the iOS apps and 41% (12/29) of the Android apps (Table
3).

Of the 58 included apps, 13 (22%) available on both platforms
did not include a privacy policy (6/29, 21%, Android apps and
7/29, 24%, iOS apps). These apps offered passive information
that did not require data entry by users, except for 3% (1/29) of
the Android apps and 7% (2/29) of the iOS apps, which
requested the user’s email address to set up a password.

Of the 58 apps, 30 (52%) included references or the author’s
signature or shared links to reputable websites for the
information provided. Half of the Android apps and a quarter
of the iOS apps did not declare developers’ affiliations, and
41% (24/58) of the apps included a disclaimer that the
information provided did not replace a health care provider’s
advice.

Of the 58 apps, 10 (17%) contained advertisements. These apps
were free to download and use, except for an Android app that
offered in-app purchases. The advertisements included in 75%
(6/8) of the Android apps filled the screen and disrupted the use
of the app, whereas 25% (2/8) of the apps included banner
advertisements that allowed users to continue using the app.
All advertisements were generally unrelated to the app content,
promoting other Google Play apps, video games, beauty
products, education support centers, and health care services
such as dental services. Of these 8 Android apps, 1 (13%)
promoted psychological services. In contrast, 100% (2/2) of the
iOS apps offered banner advertisements that allowed for
continued use of the app. The advertisements were not related
to the app content.
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Table 3. Technical features and quality assurance of included apps (N=58).

Total (N=58), n (%)iOS (n=29), n (%)Android (n=29), n (%)Characteristics

App credibility

30 (52)13 (45)17 (59)App content referenced or signed by the author

24 (41)13 (45)11 (38)Includes disclaimer: information does not replace health care provider’s
advice

App development team included the following

12 (21)8 (28)4 (14)Government agency or academic institution or NGOa

25 (43)14 (48)11 (38)Health care professional

21 (36)7 (24)14 (48)Not declared

Data privacy

34 (59)21 (72)13 (45)Authentication required to access app

45 (78)22 (76)23 (79)App includes a privacy policy

24 (53)10 (45)14 (61)Presented before account creation

45 (100)22 (100)23 (100)Explains how data are collected

40 (89)20 (91)20 (87)Shares information with third party providers

13 (29)9 (41)4 (17)Contact details of data protection officer provided

13 (22)7 (24)6 (21)App allows users to share data

10 (17)2 (7)8 (28)In-app advertisements (for details, please see text in this section)

aNGO: nongovernmental organization.

Subgroup Analysis of Android Apps
Our subgroup analysis assessing the association between the
Android apps’ popularity (as indexed by the number of app
downloads) and the breadth and depth of the educational topics
covered showed no statistically significant difference between
apps downloaded <10,000 times and apps downloaded >10,000
times. Nonetheless, apps downloaded 1000-10,000 times

provided non–evidence-based information more often than apps
downloaded >10,000 times (7/15, 47% vs 3/14, 21%,
respectively); however, this difference was not statistically
significant. Of the 7 apps providing non–evidence-based
information and downloaded <10,000 times, 2 (29%) belonged
to the medical category in the app store. Of these 2 apps, 1
(50%) claimed that adhering to the Law of Attraction improve
depression outcomes. Table 4 summarizes the analysis.
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Table 4. Android apps subgroup analysis according to number of downloads (N=29).

P valuea1000-10,000 downloads

(n=15), n (%)

>10,000 downloads

(n=14), n (%)

Feature

.75App store category

3 (20)1 (7)Education

8 (53)9 (64)Health and fitness

1 (7)0 (0)Lifestyle

3 (20)4 (29)Medical

.09App store rating (stars)

9 (60)13 (93)3.6 to 5

2 (13)1 (7)1 to 3.5

4 (27)0 (0)No ratings

.06App cost

12 (80)6 (43)Free

3 (20)8 (57)Free + in-app purchase

0 (0)0 (0)Paid

.07Type of app

8 (53)2 (14)Information and education

6 (40)10 (71)Disease management with education section

0 (0)1 (7)Education disease management section

1 (7)1 (7)Multimedia education

.66Number of education topics

4 (27)3 (21)<10

10 (67)8 (57)10-20

1 (7)3 (21)>20

.220 (0)2 (14)Peer-support communities

.257 (47)3 (21)Non–evidence-based information

Depression education

General information on depression

.392 (13)4 (29)Personal narratives of depression

.439 (60)11 (79)Depression is different from sadness

.356 (40)9 (64)Demographic and epidemiological facts

.0060 (0)6 (43)Natural history of the disease

.2212 (80)14 (100)Lists symptoms of depression

.995 (33)4 (29)Explains what recurrence and relapse are

.364 (27)7 (50)Addresses stigma linked to depression

.6511 (73)12 (86)Mentions suicide risk linked to depression

Screening of depression

.693 (20)4 (29)Describes diagnostic criteria of depression

.364 (27)7 (50)Administers a screening questionnaire

.683 (20)4 (29)Explains need for a confirmatory diagnosis after screening

Treatment of depression

.6511 (73)12 (86)Importance of seeking help

.2113 (87)9 (64)Advises to seek specialist treatment
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P valuea1000-10,000 downloads

(n=15), n (%)

>10,000 downloads

(n=14), n (%)

Feature

.567 (47)9 (64)Importance of involving support network

.994 (27)4 (29)Importance of complying with treatment

.9912 (80)11 (79)Lists available treatments

.538 (53)10 (71)Importance of lifestyle changes

.223 (20)0 (0)Lists complementary medicine options

.186 (40)10 (71)Offers emergency helpline phone numbers

.020 (0)5 (36)Prognosis in patients receiving treatment

.992 (13)2 (14)Addresses recovery and provides a hopeful outlook

App credibility

.0125 (33)12 (86)App content referenced or signed by author

.364 (27)7 (50)Include disclaimer: information does not replace health care provider’s
advice

.11App development team included the following

2 (13)2 (14)Government agency or academic institution or NGOb

3 (20)8 (57)Health care professional

10 (67)4 (29)Not declared

Data privacy

.104 (27)9 (64)Authentication required to access app

.6511 (73)12 (86)App includes a privacy policy

.205 (33)9 (64)Presented before account creation

.6511 (73)12 (86)Explains how data are collected

.9910 (67)10 (71)Shares information with third party providers

.040 (0)4 (29)Contact details of data protection officer provided

.216 (40)2 (14)In-app advertisements

aStatistically significant values in italics.
bNGO: nongovernmental organization.

Discussion

Principal Findings
To our knowledge, this is the first systematic assessment of the
information on depression in existing mental health and
depression apps. Our findings suggest that the information
included in these apps is often limited and not aligned with
evidence. Most of the assessed apps offered brief, factual
information on symptoms and treatment options, with only a
few apps addressing all aspects of disease presentation and
management or including information on recovery or providing
personal narratives of people living with depression. The
inclusion of personal accounts of people living with, and
recovering from, a mental health disorder has been associated
with increased understanding of the mental health disorder and
recovery process, validation of the personal experience, and
reduction of stigma [28,60].

Patient education is one of the pillars of effective depression
management resulting in better treatment compliance and
improved outcomes [9,11], particularly if they are complemented

with personal narratives and positive messages emphasizing
recovery [51]. Adequate health literacy is associated with
tolerance and acceptance of people living with a mental disorder
[16], increased help-seeking behavior [16], and adherence to
treatment [61,62], and it is a prerequisite to engage in
shared-decision models of care [63]. Yet, 25% of the potentially
eligible apps, including some of the most popular mental health
apps with >1 million downloads each, were excluded in the
second round of screening because they did not provide any
information on depression.

Access to mental health care is often inadequate, particularly
in low- and middle-income countries [3] and among people of
lower socioeconomic status as well as those living in remote
areas in high-income countries [64,65].

Mental health apps may play an important role in improving
access to mental health care, supported by an increasing
expansion of mobile network coverage to remote areas
worldwide [31]. However, our assessment shows that apps
currently available in public app marketplaces do not offer a
holistic, evidence-based self-management program to meet these
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health needs. For example, less than half of the assessed apps
include a screening test for depression and only a subset of these
apps offer follow-up recommendations to users potentially living
with depression. Of the 58 assessed apps, 12 (21%) offered
non–evidence-based information, including developers’ or
columnists’ personal views on depression, and suggested
scientifically unproved treatments. Of these 12 apps, 2 (17%)
were classified as medical in the app store. Lack of
evidence-based information in health apps is a recurrent theme
in most systematic assessments performed by our group
[45,46,48] and others [42,66,67], revealing that current app
development and publication processes overseen by app stores
might not be suitable for health apps. We previously highlighted
the lack of governance and quality assurance of the health app
industry [48], which we believe constrains the further
development of health apps as genuine tools to support access
to mental health care. Therefore, it is imperative to develop a
multifaceted approach involving the research community,
commercial app developers, app store managers, and official
regulatory bodies to define development and publication
regulatory frameworks for health apps.

Our subgroup assessment of Android apps suggests an
association between the number of downloads and the overall
quality of the apps. In the analysis, apps downloaded >10,000
times were more trustworthy, included more evidence-based
content, presented better compliance with data privacy and
security, presented references to endorse claims, and
incorporated health care providers into the app development
team more often than apps downloaded <10,000 times.
Excluding app credibility, the differences were not statistically
significant, probably because of the small size of the sample.

In this study, we used an established systematic assessment
approach, which is based on the rigorous systematic review and

which we have applied to various health domains [46-48] over
the years. This methodology included the use of a commercial
database to search for eligible apps, which provides a wider
geographical scope for the search, and the development of
exhaustive assessment criteria using renowned evidence-based
clinical guidelines and our center’s criteria for technical and
quality assurance of apps.

There are limitations to our research as well. The search strategy
included depression-related terms and omitted education-based
terminology; thus, we may have omitted some relevant apps.
However, the inclusion of such terms would have greatly
increased the overall number of retrieved apps and would have
also led to retrieval of many irrelevant apps because the database
used for app retrieval does not allow the use of search strings;
instead, it retrieves individual results for each search term. We
restricted our search to apps for mental health, excluding apps
offering medical or general health advice that may have
presented summaries on depression presentation or management.
Our assessment was limited to apps downloaded at least 1000
times, which may have omitted newly launched apps that have
yet to reach the minimum required number of downloads. We
also restricted our search to apps in English, potentially
excluding relevant apps in languages other than English.

Conclusions
Information in mental health and depression apps is often brief
and incomplete, with 1 in 5 apps providing non–evidence-based
information. Given the unmet needs and stigma associated with
depression, it is imperative that apps seize the opportunity to
offer quality, evidence-based education and point users to
relevant resources. A multistakeholder consensus on a more
stringent development and publication process for mental health
apps is essential.
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Background: Sleep disturbance symptoms are common in major depressive disorder (MDD) and have been found to hamper
the treatment effect of conventional face-to-face psychological treatments such as cognitive behavioral therapy. To increase the
dissemination of evidence-based treatment, blended cognitive behavioral therapy (bCBT) consisting of web-based and face-to-face
treatment is on the rise for patients with MDD. To date, no study has examined whether sleep disturbance symptoms have an
impact on bCBT treatment outcomes and whether it affects bCBT and treatment-as-usual (TAU) equally.

Objective: The objectives of this study are to investigate whether baseline sleep disturbance symptoms have an impact on
treatment outcomes independent of treatment modality and whether sleep disturbance symptoms impact bCBT and TAU in routine
care equally.

Methods: The study was based on data from the E-COMPARED (European Comparative Effectiveness Research on Blended
Depression Treatment Versus Treatment-as-Usual) study, a 2-arm, multisite, parallel randomized controlled, noninferiority trial.
A total of 943 outpatients with MDD were randomized to either bCBT (476/943, 50.5%) or TAU consisting of routine clinical
MDD treatment (467/943, 49.5%). The primary outcome of this study was the change in depression symptom severity at the
12-month follow-up. The secondary outcomes were the change in depression symptom severity at the 3- and 6-month follow-up
and MDD diagnoses at the 12-month follow-up, assessed using the Patient Health Questionnaire-9 and Mini-International
Neuropsychiatric Interview, respectively. Mixed effects models were used to examine the association of sleep disturbance
symptoms with treatment outcome and treatment modality over time.

Results: Of the 943 patients recruited for the study, 558 (59.2%) completed the 12-month follow-up assessment. In the total
sample, baseline sleep disturbance symptoms did not significantly affect change in depressive symptom severity at the 12-month
follow-up (β=.16, 95% CI –0.04 to 0.36). However, baseline sleep disturbance symptoms were negatively associated with treatment
outcome for bCBT (β=.49, 95% CI 0.22-0.76) but not for TAU (β=–.23, 95% CI −0.50 to 0.05) at the 12-month follow-up, even
when adjusting for baseline depression symptom severity. The same result was seen for the effect of sleep disturbance symptoms
on the presence of depression measured with Mini-International Neuropsychiatric Interview at the 12-month follow-up. However,
for both treatment formats, baseline sleep disturbance symptoms were not associated with depression symptom severity at either
the 3- (β=.06, 95% CI −0.11 to 0.23) or 6-month (β=.09, 95% CI −0.10 to 0.28) follow-up.

Conclusions: Baseline sleep disturbance symptoms may have a negative impact on long-term treatment outcomes in bCBT for
MDD. This effect was not observed for TAU. These findings suggest that special attention to sleep disturbance symptoms might
be warranted when MDD is treated with bCBT. Future studies should investigate the effect of implementing modules specifically
targeting sleep disturbance symptoms in bCBT for MDD to improve long-term prognosis.

(J Med Internet Res 2022;24(3):e30231)   doi:10.2196/30231

KEYWORDS

blended care; bCBT; cognitive behavioral therapy; digital intervention; major depressive disorder; sleep disturbance; sleep
disorder; mental health; digital health; mobile phone

Introduction

Major Depressive Disorder
Major depressive disorder (MDD) is among the most prevalent
and debilitating psychiatric disorders [1-3], and it has been
estimated to be the third leading cause of disability worldwide
[3]. The MDD burden is particularly prominent in Western
societies and poses an immense burden on society [1,3,4].
Although MDD, in many cases, can be successfully treated with
evidence-based psychological and pharmacological therapies
[5], some patients do not respond to treatment or do not receive
adequate treatment [6]. To alleviate the burden of the disorder,
we need to understand the mechanisms that may impact the lack
of treatment response and develop strategies for broader
dissemination of evidence-based psychological treatments [5,7].

Depression and Sleep Disturbance
MDD is a heterogeneous condition with a variety of
presentations and a broad constellation of associated symptoms.
Sleep disturbances are core symptoms of MDD, covering mostly
insomnia (difficulties in falling asleep, wakefulness after sleep
onset, and/or waking up early and not being able to get back to
sleep) and, to a lesser extent, hypersomnia (excessive daytime

sleepiness and/or excessive total sleep time) [8]. Although
insomnia and hypersomnia are common symptoms of MDD,
they may also be diagnosed as independent psychiatric disorders
[9]. Insomnia and mood disorders seem to have a bidirectional
relationship, with insomnia increasing the risk for MDD,
although MDD also increases the risk for insomnia symptoms
[8]. This complex relationship seems to be founded on both
common predisposing biological factors and cognitive and
behavioral elements perpetuating both disorders, such as
attentional biases and conditioning of arousal and negative affect
in the bedroom [10]. Several studies have examined the impact
of insomnia on the effect of MDD treatment and have
consistently shown that insomnia affects the response to
evidence-based treatment for depression, such as cognitive
behavioral therapy (CBT) [11-14]. A total of 2 studies [12,14]
reported that insomnia symptoms may double the risk for
nonremission following depression treatment. In another study,
patients exhibiting a limited response to treatment were more
likely to present with recurring insomnia and depressive
episodes, whereas optimal responders were consistently lower
on insomnia measures [11]. In addition, a randomized controlled
trial on older patients with MDD found that patients who
presented with persistent insomnia symptoms, that is, reporting
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symptoms at baseline and the 3-month follow-up, were less
likely to reach remission at the 6- and 12-month time points
[13]. Furthermore, insomnia symptoms are among the most
frequent residual symptoms following depression treatment
[15-17]. Hypersomnia has not received the same attention as
comorbid insomnia in MDD, perhaps because it is less common
[18]. However, studies have found that persons with MDD who
experience both hypersomnia and insomnia are more severely
depressed compared with individuals with depression with only
insomnia or no sleep disturbance symptoms [18,19].

Digital Interventions
Digital interventions are often recommended as a tool to increase
the dissemination of evidence-based psychological treatments
[5,7]. Meta-analyses have shown that internet-based, guided
self-help CBT (iCBT) is effective for treating depressive
symptoms [20,21], and it may allow patients to circumvent
some of the financial and structural barriers to psychological
treatment [22]. However, iCBT is also affected by sleep
disturbance symptoms. A cohort study on iCBT for depression
in routine care showed that more sleep problems predicted
higher depression by the end of treatment [23]. Furthermore, a
randomized controlled trial on iCBT for chronic stress showed
that the treatment effect was mediated by the reduction in
insomnia symptoms [24]. Interestingly, some studies have shown
that iCBT for insomnia also has significant effects on depressive
symptoms [25,26], and in some cases, studies have also included
insomnia management in the iCBT treatment manual for
depression [27]. However, the added effect of doing so is yet
to be documented.

As the self-help format in iCBT has a more rigid treatment
structure, it might be more challenging to adapt the treatment
to the individual’s symptom presentation. Standard CBT
protocols often do not target sleep disturbance symptoms during
treatment. However, within the face-to-face consultation, the
therapist may have more flexibility to address other issues
experienced by the patient. Perhaps even more so in routine
care treatments, where therapists are not required to adhere
strictly to a protocol as in a research project. The therapist could
also favor another treatment approach that emphasizes sleep
disturbance symptoms more than CBT. Digital interventions
might lack this flexibility, when some or all of the treatment is
delivered in a standardized format with predetermined exercises.
One study also showed that although some patients feel
empowered and safe in the iCBT format, others experience
isolation and feel burdened by the limited therapist support [28].

Blended CBT
Blended CBT (bCBT) might help bridge this gap between
web-based and face-to-face treatment. In bCBT, patients receive
a combination of web-based and face-to-face therapy. This may
help therapists and patients adhere to treatment protocols while
allowing for a different kind of flexibility during the physical
consultations compared with the structured, guided self-help
programs [29]. Face-to-face consultations in bCBT can alleviate
the feelings of isolation that patients may experience in guided
self-help, and it can help make the structured treatment content
of CBT relatable and adaptable to the patient’s symptom profile
[30]. However, no study has yet investigated the impact of sleep

disturbance symptoms on digital interventions for MDD,
including bCBT, compared with face-to-face treatments. As
digital interventions are increasingly being offered to patients
with MDD to augment the reach of evidence-based treatment,
it is relevant to examine the association between the severity
of sleep disturbance symptoms and treatment response to bCBT.

Objectives
The objectives of this study are to investigate (1) whether
baseline sleep disturbance symptoms have a negative impact
on treatment outcomes for depression independent of treatment
modality and (2) whether sleep disturbance symptoms impact
bCBT and treatment-as-usual (TAU) in routine care equally.

On the basis of previous research, we hypothesized a priori that
sleep disturbance symptoms would be negatively associated
with treatment outcome independent of treatment modality.

Methods

Overview
This study was a substudy of the E-COMPARED (European
Comparative Effectiveness Research on Blended Depression
Treatment Versus Treatment-as-Usual; described in more detail
in a study by Kleiboer et al [31]).

The trial was registered in clinical trial databases
(ClinicalTrials.gov NCT02542891 [France], NCT02389660
[Poland], NCT02361684 [Spain], NCT02449447 [Sweden],
and NCT02410616 [Switzerland]; other clinical databases:
German Clinical Trials Register DRKS00006866 [Germany];
Netherlands Trials Register NTR4962 [the Netherlands],
International Standard Randomised Controlled Trial Number
registry ISRCTN12388725 [United Kingdom], and
ClinicalTrials.gov NCT02796573 [Denmark]) and was
conducted based on CONSORT (Consolidated Standards of
Reporting Trials) [32].

Study Design and Setting
The E-COMPARED trial was conducted as a 2-arm, parallel
randomized controlled, noninferiority trial in nine European
countries: France, Germany, the Netherlands, Poland, Spain,
Sweden, Switzerland, the United Kingdom, and Denmark.

The trial was conducted in routine primary care facilities (sites:
Germany, Poland, Spain, Sweden, and the United Kingdom) or
specialized mental health care facilities (sites: France, the
Netherlands, Switzerland, and Denmark).

Eligibility Criteria
To be included in the study, patients had to (1) be aged ≥18
years, (2) fulfill Diagnostic and Statistical Manual of Mental
Disorders-IV (DSM-IV) diagnostic criteria for MDD, and (3)
exhibit minimal to severe symptoms of depression based on a
score of ≥5 on a screening with the Patient Health
Questionnaire-9 (PHQ-9; described in more detail in the
Assessment Instruments section).

The exclusion criteria were as follows: (1) currently being at
high risk for suicide (2) having fulfilled the DSM-IV diagnostic
criteria for substance dependence, psychotic illness, bipolar
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affective disorder, or obsessive–compulsive disorder; (3)
receiving psychological treatment at the time of enrollment for
depression in primary or specialized mental health care facilities;
(4) being unable to comprehend the spoken and written language
of the country where the study was conducted (eg, English in
the United Kingdom); (5) not having access to a computer with
a fast internet connection; and (6) not having or not willing to
carry a smartphone that is compatible with the mobile
component of the intervention being offered.

Randomization and Blinding
Eligible participants were randomized by a team of independent
researchers (the randomization team) affiliated with the principal
investigator organization (Vrije Universiteit Amsterdam) into
two arms: TAU or bCBT. Randomization was performed at the
individual level, stratified by country. The randomization team
created the allocation scheme with a computerized random
number generator (Random Allocation Software developed by
Mahmood Saghaei) at an allocation ratio of 1:1. Block
randomization with variable block sizes that varied between 8
and 14 allocations per block was applied.

None of the investigators or clinicians were aware of the
randomization scheme, but blinding for treatment allocation
was not possible owing to the nature of the treatment.
Nonetheless, the outcome assessors were blinded.

Treatment Arms
TAU was defined as the routine care that patients received when
diagnosed with depression in the specific country and treatment
setting where they were recruited. Thus, TAU varied between

countries, between treatment settings, and among patients and
included pharmacological treatment, psychotherapy, a
combination of both, or none of the above (see Table 1).

The bCBT combined individual face-to-face CBT with CBT
delivered through an internet-based treatment platform with
mobile phone components (integrated either in the treatment
platform or as a separate system). The core components of the
bCBT treatment were the following: (1) psychoeducation, (2)
cognitive restructuring, (3) behavioral activation, and (4) relapse
prevention. These were delivered over 10 to 20 sessions. The
ratio between the number of face-to-face sessions and the
number of web-based modules varied according to practice in
the participating countries. However, a minimum of 33% of the
sessions were face-to-face, and a minimum of 33% of the
sessions were provided through the web. In addition to the core
CBT components, other components such as mindfulness,
coping skills training, or problem solving could also be included
(insomnia management was not included in this trial). However,
they were not allowed to take up more than a quarter of the total
treatment (no more than approximately 25% of the face-to-face
and web-based sessions combined). This was done to prevent
excessive heterogeneity in the treatment programs.

bCBT was provided by CBT therapists who received training
on how to deliver the treatment. CBT therapists were (1)
licensed CBT therapists, (2) CBT therapists in training working
under the supervision of an experienced licensed CBT therapist
in specialized mental health care facility, (3) licensed
psychologists, or (4) psychologists in training working under
the supervision of a licensed psychologist with a CBT
orientation in primary care.

Table 1. Overview of blended cognitive behavioral therapy (bCBT) and treatment-as-usual (TAU) applied in each country.

TAUSequencingFTFa sessionsWeb-based modulesDuration (weeks)Platform for bCBTCountry

TAU from GPbAlternate51010-13MoodbusterGermany

TAU from GPcAlternate4610IterapiSweden

FTF TAUdAlternate91020MoodbusterNetherlands

FTF CBTAlternate6511MoodbusterUnited Kingdom

TAU from GP1-4-1-4-1f3810Smiling is funeSpain

FTF CBTAlternate8816MoodbusterFrance

FTF CBTAlternate9918DeprexisgSwitzerland

FTF CBTAlternate766-10MoodbusterPoland

FTF CBTAlternate66-812NoDephDenmark

aFTF: face-to-face.
bGP: general practitioner.
cSweden also included psychotherapy clinics and student mental health care facilities. However, these are at the same level of care as GP.
dPsychotherapy (cognitive behavioral therapy, interpersonal psychotherapy, or supportive therapy), antidepressant medication, running therapy, or a
combination of these.
eAdditional module on coping skills.
fThe sequence was as follows: 1 FTF session, 4 web-based modules, 1 FTF session, 4 web-based modules, and 1 FTF session.
gAdditional modules on mindfulness, interpersonal skills, positive psychology, emotion-focused therapy, and childhood experiences.
hTwo additional modules on restructuring of beliefs and management of rumination that clinicians could add to the web-based sessions if deemed
necessary.
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As can be seen in Table 1, none of the bCBT protocols included
sleep disturbance symptoms interventions. However, we do not
know to what extent sleep disturbance symptoms were included
in the TAU protocol.

Measures
Sociodemographic factors, MDD diagnoses, severity of
depressive symptoms, and psychiatric comorbidities were
measured at baseline. The clinical outcome measures used in
this study were severity of depressive symptoms assessed at
baseline and at the 3-, 6-, and 12-month follow-up and MDD
diagnosis assessed at baseline and at the 12-month follow-up.

Assessment Instruments

MDD Severity
The PHQ-9 was used to assess the severity of depression. It
includes symptom domains of MDD based on DSM-IV (ie,
sleep disturbance, sad mood, appetite and weight, concentration,
self-criticism, suicidal ideation, interest, energy and fatigue,
and psychomotor agitation and retardation). It consists of 9
items, each scored on a 0 to 3 scale, with the total score ranging
from 0 to 27 and higher scores indicating more severe depression
[33]. The PHQ-9 is frequently used in clinical trials to assess
treatment outcomes and can be used in different patient
populations such as those who receive primary care and
specialized mental health care [34]. The PHQ-9 was used to
screen for the presence of at least a minimum level of MDD
severity (cutoff ≥5). Furthermore, the PHQ-9 total score was
applied as the primary outcome. For this study, the 12-month
follow-up was used as the primary end point. The 3- and
6-month follow-ups were the secondary end points.

MDD Diagnosis
The Mini-International Neuropsychiatric Interview (MINI) for
DSM-IV is a structured interview probing the 17 most common
psychiatric diagnoses using dichotomous questions requiring a
yes or no response [35]. The MINI was used to establish MDD
diagnoses as well as to screen patients for eligibility and detect
comorbid psychiatric diagnoses. The MINI was also used to
evaluate whether the patients still fulfilled the diagnostic criteria
for an MDD diagnoses at the 12-month follow-up and was
applied as a secondary outcome and secondary end point.

Assessment of Sleep Disturbance Symptoms
A total of four sleep disturbance items from the Quick Inventory
of Depressive Symptomatology (QIDS)–Self-Report were used
to measure sleep disturbance symptoms [36]: (1) difficulty
falling asleep, (2) awake during the night, (3) waking up too
early, and (4) sleeping too much. Each item was scored from 0
to 3, with higher scores indicating greater symptom severity.
This approach to measure sleep disturbance symptoms has been
validated previously for the 3 insomnia items [37]. However,
the middle-answer categories (scores of 1 and 2) did not perform
as well for items 2 and 3 [37]. Therefore, on the basis of
previous research, a score ≥2 on an item was chosen to indicate
the presence of that specific type of sleep disturbance [38]. A
combination of any (or none) of the 4 types of sleep disturbance
symptoms was possible.

Analysis Plan
Characteristics of the sample at baseline were described using
descriptive statistics and compared across groups using 2-tailed
t tests for continuous variables and chi-square tests for
categorical variables. If the continuous variables violated the
assumption of normality, equivalent nonparametric tests were
used (Wilcoxon signed rank test).

The primary analysis was performed using a linear mixed effects
model with random intercept [39,40] with sites added as a
random variable. The outcome variable was the difference in
score on the PHQ-9 between baseline and at 12-month
follow-up. The baseline sum score of the first 4 items on the
QIDS–Self-Report pertaining to sleep disturbance symptoms
was used as a predictor variable and was controlled for the
baseline level of depression severity on the PHQ-9. To test for
an effect of treatment modality (bCBT vs TAU), an interaction
term between the sleep disturbance symptoms and treatment
modality was added. A sensitivity analysis excluding item 3 in
the PHQ-9 (pertaining to sleep disturbance) was also performed
as this item could potentially confound the analyses.

Secondary analyses were also conducted with linear mixed
effects models applying the same predictor and outcome
variables as well as an interaction term, but at 3- and 6-month
follow-up. In addition, an analysis using the same predictor
variable and the presence versus absence of MDD diagnoses at
12-month follow-up as the outcome was conducted. This
analysis was performed using a logistic mixed effects model.

All models were adjusted for the baseline level of depression
on the PHQ-9 and sociodemographic variables (gender, marital
status, highest education, and age).

All analyses followed the intention-to-treat principles according
to CONSORT guidelines [41]. Missing values were handled by
using all available data in mixed effects models. A double-sided
significance level of .05 was applied. All calculations were
performed using R version 3.6.3 [42]. Linear mixed effects
models were fitted using the lme4 package [40].

Ethical Considerations
Ethical approval for the trials was obtained locally in each
country (Denmark: De Videnskabsetiske Komitéer for Region
Syddanmark; S-20150150; France: Comité de protection des
personnes, Ile de France V; 15033-n° 2015-A00565-44;
Germany: Ethik Kommison DGPsychologie, Universitat Trier;
MB 102014; The Netherlands: METC VUMC; 2015.078;
Poland: Komisja ds. Etyki Badan Naukowych; 10/2014; Spain:
Comision Deontologica/Comite Etico de Investigacion en
Humanos; H1414775276823; Sweden: Regionala
etikprovningsnamnden; 2014/428-31; Switzerland: Kantonale
Ethikkomission Bern; 001/2015; United Kingdom: NRES
Committee London-Camden and King’s Cross; 15/LO/0511).
All participants provided written informed consent beforehand.

Results

Characteristics of the Sample
The sample consisted of 943 adult patients with MDD recruited
from routine care across the 9 participating European countries.
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The mean age was 39 (SD 13) years, with mainly women
included (644/943, 68.3%). The majority were either married
or living together (517/943, 54.8%) and were well educated. At
baseline, the sample, on average, presented with a moderate to
severe degree of depression (mean PHQ-9 score 15.35, SD

4.77). There were no differences between the groups on any
sociodemographic measures or on depressive or sleep
symptomatology at baseline. The characteristics of the
participants are summarized in Table 2.

Table 2. Comparison of characteristics across treatment modalities (N=943).

P valuecbCBTb (n=476)TAUa (n=467)Total sample (N=943)Characteristic

.5639.21 (13.1)38.71 (13.08)38.96 (13.09)Age (years), mean (SD)

Gender

.36318 (66.8)326 (69.8)644 (68.3)Female, mean (SD)

.27Marital status , n (%)

159 (33.4)155 (33.2)314 (33.3)Single

60 (12.6)43 (9.2)103 (10.9)Divorced

3 (0.6)6 (1.3)9 (0.9)Widowed

95 (19.9)111 (23.8)206 (21.8)Living together

159 (33.4)152 (32.5)311 (32.9)Married

.92Highest level of education , n (%)

72 (15.1)74 (15.8)146 (15.5)Low

179 (37.6)170 (36.4)349 (37)Middle

225 (47.3)222 (47.5)447 (47.4)High

.99Trial site , n (%)

86 (18.1)87 (18.6)173 (18.3)Germany

73 (15.3)68 (14.6)141 (14.9)Sweden

53 (11.1)49 (10.5)102 (10.8)Netherlands

49 (10.3)52 (11.1)101 (10.7)United Kingdom

64 (13.4)63 (13.5)127 (13.5)Spain

51 (10.7)54 (11.6)105 (11.1)France

26 (5.5)24 (5.1)50 (5.3)Switzerland

42 (8.8)42 (8.9)84 (8.9)Poland

32 (6.7)28 (5.9)60 (6.4)Denmark

Psychometrics

.8815.34 (4.9)15.38 (4.66)15.36 (4.78)PHQ-9d, mean (SD)

.314.87 (2.52)4.71 (2.31)4.79 (2.42)QIDSe sum of sleep scores (items 1-4), mean (SD)

Insomnia items , n (%)

.99228 (47.9)225 (48.2)453 (48)Difficulty falling asleep

.76261 (54.8)251 (53.7)512 (54.3)Awake during the night

.18172 (36.1)149 (31.9)321 (34)Waking up too early

Hypersomnia item , n (%)

.7770 (14.7)65 (13.9)135 (14.3)Sleeping too much

aTAU: treatment-as-usual.
bbCBT: blended cognitive behavioral therapy.
cA 2-tailed t test was performed for continuous variables (age, PHQ-9, QIDS). Chi-square test was performed for categorical variables (gender, marital
status, education, trial site and, insomnia and hypersomnia prevalence).
dPHQ-9: Patient Health Questionnaire-9.
eQIDS: Quick Inventory of Depressive Symptomatology.
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Observed Results
In this study’s sample of 943 patients, 764 (81%) reported at
least one symptom of sleep disturbance symptoms at baseline.
The most common symptom of sleep disturbance upon entering
the study was midnocturnal insomnia (512/943, 54.3%), which
was reported by more than half of the participants. Sleep onset
insomnia (453/943, 48%) followed in close succession.

Hypersomnia was markedly less prevalent than the rest
(135/943, 14.3%).

As measured by the sum of the first 4 items in the QIDS
pertaining to sleep, the level of sleep disturbance reduced over
time, as seen in Table 3. In Figure 1, the levels of severity of
depressive and sleep disorder symptoms are presented for the
total sample and for each treatment condition.

Table 3. Observed means of sleep disturbance symptom severity.

bCBTb, mean (SD)TAUa, mean (SD)Total sample, mean (SD)Time point

4.77 (2.31)4.87 (2.52)4.79 (2.42)Baseline

3.94 (2.37)3.83 (2.49)3.89 (2.43)3 months

3.69 (2.33)3.52 (2.42)3.61 (2.38)6 months

3.30 (2.33)3.27 (2.46)3.28 (2.39)12 months

aTAU: treatment-as-usual.
bbCBT: blended cognitive behavioral therapy.

Figure 1. Changes in symptoms severity of depression and sleep disturbance symptoms from baseline to 12-month follow-up. bCBT: blended cognitive
behavioral therapy; PHQ-9: Patient Health Questionnaire–9; TAU: treatment-as-usual.

Primary Analysis
In the total sample, the level of sleep disturbance symptoms did
not significantly predict the change in depression symptom
severity from baseline to the 12-month follow-up (β=.16, 95%
CI –0.04 to 0.36). However, there was a difference between the
groups, with the effect of baseline sleep disturbance symptoms
being nonsignificant in the TAU group (β=–.23, 95% CI –0.50
to 0.05), but being significant for the bCBT group (β=.49, 95%
CI 0.22-0.76). When including an interaction term with group,

the interaction was significant (β=.59, 95% CI 0.23-0.94),
indicating a significant difference in how the change at 12
months was affected by baseline sleep disturbance symptoms
between the groups. In a sensitivity analysis, we removed item
3 in the PHQ-9 (pertaining to sleep disturbances), which led to
similar results. Therefore, we decided to continue using the full
PHQ-9, given that it is the validated version and for the purpose
of comparability. The results of the models are presented in
Table 4.
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Table 4. Associations between change in depression score and sleep score.

bCBTb (n=476)TAUa (n=467)All participants (N=943)Outcome

Regression coefficientRegression coefficientRegression coefficient

Adjusted βd

(95% CI)
βcn (%)Adjusted βd

(95% CI)
βcn (%)Adjusted βd

(95% CI)
βcn (%)

Primary outcome

.49

(.22 to .76)

.35284 (59.7)−.23

(−.50 to .05)

.01274 (58.7).16

(−.04 to .36)

.21558 (59.2)Change in depression score at
12-months follow-up: sleep
score at baseline, per 1 unit in-
crease

N/AN/AN/AN/AN/AN/A.59

(.23 to .94)

.59N/AfDifference between treatment

conditions: SDSe x condition

Secondary outcomes

.07

(−.16 to .32)

−.07369 (77.5).07

(−.17 to .31)

.12379 (81.2).06

(−.11 to .23)

.09748 (79.3)Change in depression score at
3-months follow-up: sleep
score at baseline, per 1 unit in-
crease

.12

(−.14 to .37)

.16338 (71).03

(−.25 to .32)

.14319 (68.3).09

(−.10 to .28)

.15657 (69.7)Change in depression score at
6-months follow-up: sleep
score at baseline, per 1 unit in-
crease

aTAU: treatment-as-usual.
bbCBT: blended cognitive behavioral therapy.
cAdjusted for depression score at baseline.
dAdjusted for gender, age, marital status, highest education, and depression score at baseline.
eSDS: sleep disturbance symptoms.
fN/A: not applicable.

Secondary Analyses
In line with the primary finding, baseline sleep disturbance
symptoms severity did not significantly predict the presence of
MDD diagnoses for the total sample as assessed by the MINI
MDD module at 12-month follow-up (odds ratio [OR] 1.05,
95% CI 0.96-1.16). However, again, the effect was significant
for the bCBT group (OR 1.18, 95% CI 1.02-1.38) and not for
the TAU group (OR 0.94, 95% CI 0.82-1.08).

Owing to the diversity in interventions offered in the comparison
group (TAU), we performed the same analyses for a subset of
sites where the patients received face-to-face CBT as the
comparator (United Kingdom, France, Switzerland, Poland, and
Denmark). As was the case for all sites, the results of the
subgroup were not significant for the total sample (β=.27, 95%
CI −0.09 to 0.63), and only the bCBT group showed a significant
effect of sleep disturbance symptoms (β=.69, 95% CI 0.19-1.19).
However, the interaction term with group was nonsignificant
(β=.56, 95% CI −0.07 to 1.22). This could be owing to the
subgroup including fewer participants, thus widening the CI.
Analyses of the presence of depression according to the MINI
did not result in any significant results, which again may be
caused by the smaller sample size.

The effect of sleep disturbance symptoms on the change in the
severity of depressive symptoms was nonsignificant from
baseline to the 3- and 6-month follow-up for both treatment

formats, suggesting that sleep disturbance symptoms may not
have an effect on short-term treatment gains.

Of the 4 items on sleep disturbance symptoms in the QIDS, 3
pertained to insomnia and 1 pertained to hypersomnia (see Table
2). Exploratory analyses were performed to examine whether
there was a difference between the effect of hypersomnia and
insomnia. When performing the same analysis as the primary
analysis but excluding the hypersomnia item, it did not change
the results. Furthermore, hypersomnia alone did not predict the
treatment effect.

Discussion

Principal Findings
The objectives of this study were to investigate (1) whether
baseline sleep disturbance symptoms have a negative impact
on treatment outcomes independent of treatment modality and
(2) whether sleep disturbance symptoms impact bCBT and TAU
in routine care equally.

Overall, sleep disturbance symptoms did not have an impact on
the treatment response. However, when comparing the treatment
arms, a difference was observed in the effect of sleep disturbance
symptoms on treatment outcome between bCBT and TAU.
Higher baseline sleep disturbance symptoms indicated a
decreased treatment response in the bCBT group, whereas TAU
was unaffected. Interestingly, the effect of baseline sleep
disturbance symptoms was only present at the 12-month
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follow-up. This finding points to a long-term effect of sleep
disturbance symptoms on the course of depression following
bCBT, even though treatment initially seems unaffected. Despite
the effect being small, it was supported by the fact that sleep
disturbance symptoms also significantly affected the risk of
being diagnosed with MDD at the 12-month follow-up in the
bCBT group.

However, in a secondary analysis of a subgroup of sites, we
compared bCBT only with face-to-face CBT. This analysis
showed that although sleep disturbance symptoms still
significantly impacted bCBT, there was no significant difference
between treatment arms in this subgroup. Not surprisingly, this
could indicate that the face-to-face and blended CBT conditions
were more similar in content and outcome compared with the
remaining TAU formats. Perhaps the less structured TAU
conditions were slightly more attentive to the presence of sleep
disturbance symptoms, indicating a shortcoming in common
CBT protocols for MDD.

This study found results that support previous research and
results that contradict previous findings. In line with previous
research and our hypothesis, bCBT was affected by sleep
disturbance symptoms. However, contrary to this, TAU and the
face-to-face CBT subgroup were unaffected by sleep disturbance
symptoms.

The finding that sleep disturbance symptoms have a negative
impact on bCBT represents an important addition to the existing
literature on sleep disturbance symptoms and MDD treatment.
It is in accordance with previous research showing an increased
risk for MDD nonremission following face-to-face treatment
[11,12,14], as well as studies showing that insomnia symptoms
decrease treatment response in iCBT [23,24]. Hence, the results
of this study extend the findings from previous research by
confirming the association between sleep disturbance symptoms
and treatment response for MDD in a new treatment format,
bCBT.

Furthermore, the analyses showed that a higher endorsement
of sleep disturbance items at baseline was associated with a
lower treatment response at 12-month follow-up. This
corroborates the findings of Pigeon et al [13] and Troxel et al
[14]. However, although these authors only used a dichotomous
measure of MDD (remission vs nonremission), the analyses of
this study expanded this by showing an association between the
severity of sleep disturbance symptoms and the degree of
symptom alleviation at 12-month follow-up.

Although the long-term effect of baseline sleep disturbance
symptoms on bCBT for MDD is in line with previous research
[13], the finding of this study that treatment response at the 3-
and 6-month follow-up was unaffected by sleep disturbance
symptoms is not consistent with previous findings. Different
explanations may apply. First, none of the previous studies
investigated bCBT. This finding may be uniquely associated
with bCBT. However, there are no clear indications as to why
this should be the case. Second, neither MDD nor sleep
disturbance symptoms has been measured uniformly in previous
research. Notably, this study used sleep disturbance items from
a depression scale (QIDS) to measure sleep disturbance
symptoms. Although this method has been validated [37,43],

it is not the most reliable measure of sleep disturbance
symptoms. In the study by Troxel et al [14], subjectively
measured sleep disturbance symptoms did not predict treatment
outcome alone, but it did when coupled with an objective
indicator. Another notable difference is the outcome measures
used across these studies. As mentioned, previous research has
generally focused on dichotomous outcomes [12-14], whereas
this study used the PHQ-9 to measure the size of the treatment
effect. If the MINI had been applied at the 3- and 6-month
follow-up as well in this study, it would have been interesting
to compare the dichotomous findings regarding nonremission
at these time points. These differences might affect the
comparability with the studies and therefore the findings of this
study should not discount previous research.

The missing effect of sleep disturbance symptoms on TAU is
also noteworthy. It might indicate that TAU practitioners were
more attentive to sleep disturbance symptoms and implemented
an intervention for sleep disturbance symptoms when necessary.
However, this is still contrary to the study by Pigeon et al [13],
who found a significant effect of insomnia on MDD treatment
in routine care. Therefore, it may be worth noting that the study
by Pigeon et al [13] is relatively old. It could be hypothesized
that owing to the increased attention to sleep disturbance
symptoms in the past years [8,10], routine care practitioners
may treat patients reporting sleep disturbance symptoms
differently today. This may help explain why TAU was
unaffected by sleep disturbance symptoms in this study.
However, it is highly speculative.

Strengths and Limitations
Some strengths of this study are worth noting. Primarily, this
study used a randomized and longitudinal design with multiple
measurement points. Using this design, we can determine the
extent to which bCBT compares with established effective
treatments. Furthermore, we can determine the extent to which
treatment effects are sustained following treatment.

Second, this study used a large, heterogeneous sample spanning
9 different European countries, lending the study great
ecological validity. Furthermore, the comparison between TAU
and bCBT provides clinically useful results, as TAU reflects
the everyday treatments delivered by clinicians rather than the
standardized treatments of a research trial. This part of the
design could also be framed as a weakness because an efficacy
study using only standardized protocols can be easier to
interpret. However, this would have been at the cost of the
finding’s generalizability [44], which was highly important in
the E-COMPARED study [31].

Some limitations of the analyses of this study should also be
considered. Primarily, the E-COMPARED study was not geared
to investigate a research question regarding sleep disturbance
symptoms, which is highlighted by the lack of a dedicated
insomnia measure. However, as indicated by Manber et al [37],
the items from the QIDS perform satisfactorily in discriminating
the presence of sleep disturbance symptoms. Furthermore, we
decided to pool hypersomnia and insomnia items to establish
an aggregated score for sleep disturbance symptoms. Given the
higher prevalence of insomnia, as was also evident in the sample
of this study, this approach might be considered questionable.
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Focusing solely on insomnia symptoms would provide a clearer
picture of what sleep disturbance symptoms entail. However,
given that hypersomnia and insomnia symptoms may co-occur
and have been associated with more severe depression in
adolescents [18,19], capturing the full phenomenon seemed
prudent.

This study provides important findings regarding the use of
bCBT to treat MDD with marked sleep disturbance symptoms.
When the treatment format moves from face-to-face to
internet-based, the potential for broader dissemination generally
comes at the cost of treatment flexibility. The analyses of this
study indicated that sleep disturbance symptoms might affect
the less flexible treatment format, bCBT, more than it affects
TAU. However, given that this was a secondary analysis of a
study that was not designed to test this hypothesis, the results
should be interpreted cautiously. It will be important for future
research to test whether these findings are supported when using
dedicated sleep disturbance measures. Nonetheless, it would
also be of interest to see if treatment outcomes in bCBT can be
improved by using web-based add-on sessions for sleep
disturbance symptoms. Previous research has shown that iCBT

can effectively treat sleep disturbance symptoms [25,45-48],
and there is a call for research on sequential or concomitant
treatment of MDD and sleep disturbance symptoms [49].
Finally, it is of interest to investigate whether these findings
extend to other forms of diagnostic complexity. Future studies
should compare bCBT with face-to-face therapy for patients
with MDD with other common comorbidities such as alcohol
use or anxiety disorders.

Conclusions
Baseline sleep disturbance symptoms may have a negative
impact on long-term treatment outcomes in bCBT for MDD.
TAU seems to be unaffected by the severity of the baseline
sleep disturbance symptoms. This suggests that extra attention
to comorbidity such as sleep disturbance symptoms, which was
investigated here, might be important when treating depression
with bCBT in routine care.

Future research should investigate whether there is an improved
treatment outcome in bCBT for MDD with comorbid sleep
disturbance symptoms when using add-on modules targeting
sleep disturbance symptoms.
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OR: odds ratio
PHQ-9: Patient Health Questionnaire-9
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TAU: treatment-as-usual
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Abstract

Background: Therapist-supported, internet-delivered cognitive behavioral therapy (iCBT) is efficacious for generalized anxiety
disorder (GAD), but few studies are yet to report its effectiveness in routine care.

Objective: In this study, we aim to examine whether a new 12-session iCBT program for GAD is effective in nationwide routine
care.

Methods: We administered a specialized, clinic-delivered, therapist-supported iCBT for GAD in 1099 physician-referred
patients. The program was free of charge for patients, and the completion time was not predetermined. We measured symptoms
with web-based questionnaires. The primary measure of anxiety was the GAD 7-item scale (GAD-7); secondary measures were,
for pathological worry, the Penn State Worry Questionnaire and, for anxiety and impairment, the Overall Anxiety Severity and
Impairment Scale.

Results: Patients completed a mean 7.8 (SD 4.2; 65.1%) of 12 sessions, and 44.1% (485/1099) of patients completed all sessions.
The effect size in the whole sample for GAD-7 was large (Cohen d=0.97, 95% CI 0.88-1.06). For completers, effect sizes were
very large (Cohen d=1.34, 95% CI 1.25-1.53 for GAD-7; Cohen d=1.14, 95% CI 1.00-1.27 for Penn State Worry Questionnaire;
and Cohen d=1.23, 95% CI 1.09-1.37 for Overall Anxiety Severity and Impairment Scale). Noncompleters also benefited from
the treatment. Greater symptomatic GAD-7–measured relief was associated with more completed sessions, older age, and being
referred from private or occupational care. Of the 894 patients with a baseline GAD-7 score ≥10, approximately 421 (47.1%)
achieved reliable recovery.

Conclusions: This nationwide, free-of-charge, therapist-supported HUS Helsinki University Hospital–iCBT for GAD was
effective in routine care, but further research must establish effectiveness against other treatments and optimize the design of
iCBT for GAD for different patient groups and individual patients.

(J Med Internet Res 2022;24(3):e29384)   doi:10.2196/29384

KEYWORDS

CBT; iCBT; cognitive behavioral therapy; routine care; generalized anxiety disorder; internet; web-based; digital health; mental
health
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Introduction

Background
Generalized anxiety disorder (GAD) [1] is a common but
underdiagnosed and undertreated condition [2,3]. The global
annual prevalence of GAD in high-income countries may be
2.3%, and this disorder is associated with increased functional
impairment [4].

Pharmacotherapy and psychotherapy are considered first-line
GAD treatments [5,6]. Among psychotherapies, cognitive
behavioral therapy (CBT) is the most studied, with large effect
sizes (Hedges g=0.90 [7]). However, traditional face-to-face
CBT is relatively resource-consuming and limited in access.

The need to resolve the accessibility and affordability challenges
of face-to-face CBT led to the development of internet-delivered
CBT (iCBT), with notable work occurring in Sweden, the
Netherlands, Denmark, Australia, and Canada, for example [8].
A typical iCBT intervention is location-independent and includes
a program with therapeutic content and homework. It is
accessible 24/7 through a web-based platform or mobile app,
with or without therapist support. In therapist-supported iCBT,
remote therapist support is most often asynchronous. While the
intensity of therapist support in iCBT can vary, it requires far
less therapist time compared with face-to-face or real-time
remote psychotherapy and thus may be more cost-effective
[9,10].

As demonstrated in recent meta-analyses of randomized
controlled trials (RCTs) [9,11-16], therapist-supported iCBTs
are efficacious in several psychiatric disorders and may be as
efficacious as short-term face-to-face CBT. Therapist-supported
iCBTs for depression and anxiety have higher efficacy and
adherence than unguided programs do [12,17-19], which is
likely due to the high level of client–therapist alliance,
comparable with that in face-to-face therapies [20]. In general,
iCBTs reduce symptomatic deterioration more than waiting lists
(3.1% or 5.8% vs 17.4% [13,21]). For therapist-supported iCBT
for GAD, efficacy has also been established for both
diagnosis-specific and transdiagnostic programs [9,16].

However, RCT efficacy studies, being the gold standard for
clinical evidence, have their own shortcomings. Participants
are more likely to be highly motivated, have had thorough
screening, and have received more intensive treatment than in
routine care. Therefore, RCT-validated treatments may or may
not yield similar results or level of adherence in routine care
depending on whether the criteria are lax [22-24]. Addressing
these limitations, routine care studies are now accepted as valid
scientific evidence for their clinical effectiveness and safety
[25]. Although there is strong real-world evidence for the
effectiveness of therapist-supported iCBT in general [8,9,13],
studies focusing on GAD are limited.

We identified 5 publications comprising 7 therapist-supported
iCBT interventions focusing on GAD in routine care using 3
different programs at 2 clinics. ThisWayUp clinic in Australia
performed 6 interventions comprising 2 programs [23,26-28],
and Online Therapy Unit in Canada performed 1 intervention
[29]. These studies mainly reported large intention-to-treat (ITT)

effect sizes (0.91-1.30), although 1 outlier study reported effects
as large as 2.06 and 2.10 [28]. ThisWayUp trials reported full
completion rates of 36% to 55%. Although these 3 programs
demonstrated the overall feasibility of iCBT for GAD, the
recruitment schemes, program length, and therapist support
intensity in these trials varied widely (see the Design
Comparison section in the Discussion section), and the Online
Therapy Unit’s trial was relatively small. More routine care
studies are needed to confirm their conclusions and elucidate
the optimal program design.

The HUS Helsinki University Hospital has developed and is
providing nationwide, original Finnish language
therapist-supported iCBT programs for several psychiatric
conditions (further referred to as HUS-iCBTs), including one
for GAD. Intake for the 12-session program requires a
physician’s referral, it is free of charge, and therapist support
is provided centrally by a specialized clinic. As the combination
of setting and design of the HUS-iCBT for GAD differs from
those studied earlier, the effectiveness of these programs may
differ.

Objective
The aim of this study is to examine the effectiveness of
HUS-iCBT for GAD in routine care. We hypothesized that the
intervention would have a large overall effect size and the
patients’completion rate would be comparable (36%-55%) with
the reported routine care studies.

Methods

Setting and Design
The HUS-iCBTs were delivered centrally by the iCBT clinic
at HUS Psychiatry. The interventions were free of charge,
diagnosis-specific, and therapist-supported programs. All
physicians in Finland can refer their patients to therapy. The
referring physicians received support from the instructions on
the web. A specially trained mental health professional screened
all referrals centrally. We deliberately implemented these
inclusion procedures to enable virtually unlimited nationwide
access for the clinical population despite the limited number of
therapists.

The study was an observational, nationwide, open-label,
real-world trial.

Participants
Participants were recruited from those entering HUS-iCBT for
GAD between February 2016 and December 2018. To be
accepted for the treatment, patients had to (1) be diagnosed with
GAD (ICD-10 [1]), (2) have an email address, and (3) have an
internet-based bank account or mobile ID (the means of official
e-identification in Finland). Comorbidity (other than the
exclusion criteria) and concomitant pharmacological and
psychological treatments were allowed, as the intervention was
part of routine care. Exclusion criteria were acute psychosis or
mania, severe personality disorders, severe suicidality, or
neurological or neuropsychiatric disorder with cognitive decline.
These were screened centrally from the physician’s referral
before the referral was accepted. The only additional inclusion
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criterion for the study was a baseline score of ≥8 on the GAD
7-item scale (GAD-7 [30]).

Ethical Considerations
The patients provided informed consent after the first log-in.
The study protocol was approved by the ethics committee of
the HUS and pertinent institutional authorities.

Intervention and Procedure
The new iCBT program for GAD was designed by an expert
group to be diagnosis-specific because the existing evidence
base was clearly the strongest at the time, in 2013. This new
program consisted of 12 consecutive sessions and a follow-up
session 3 months after treatment completion. The program was
theoretically based on several models of GAD and anxiety,
including aspects of the cognitive avoidance model [31], model
of intolerance of uncertainty [32], metacognitive therapy [33],
and Acceptance and Commitment Therapy [34], as well as social

aspects, such as assertiveness training. The sessions included
text and videos, as well as educational illustrations, example
stories, therapeutic exercises, and homework (Textbox 1).

After approval, the patients received an email and a letter
prompting them to sign in and begin treatment. A schedule of
1 session per week was recommended, and a minimum 24-hour
waiting period was enforced between sessions to encourage
daily life practice. The program sent email prompts for arriving
messages and, after 2 weeks of inactivity, log-in reminders.
Nevertheless, no maximum completion time was required if the
patient remained active in therapy.

Although HUS-iCBT for GAD was therapist-supported, several
persuasive elements used in unguided iCBT programs [35] were
originally included and are listed in Textbox 2. In total, 7
elements were used (or 6, if discounting tunneling as the original
authors did).

Textbox 1. Content by session.

Session titles

• Session 1: Introduction to HUS Helsinki University Hospital–internet-delivered cognitive behavioral therapy program, cognitive behavioral
therapy model, and generalized anxiety disorder

• Session 2: Bodily stress response, worry and relaxation

• Session 3: Worry and avoidance, intolerance of uncertainty

• Session 4: Experiential Avoidance, Core Beliefs

• Session 5: Negative beliefs about worrying, challenging worrying

• Session 6: Positive beliefs about worrying, challenging beliefs about worrying

• Session 7: Challenging worrying

• Session 8: Acceptance of worries, acceptance vs submission

• Session 9: Intolerance of uncertainty and reaching for perfection and certainty

• Session 10: Problem solving vs worrying, solvable vs unsolvable worries

• Session 11: Social skills, needs in relationships, assertiveness

• Session 12: Summarizing, warning signs, plan for the future, feedback

Textbox 2. Identified persuasive design principles.

Principles and brief example

• Reduction: simple stepped instructions; for example, worry diary or relaxation

• Tunneling: logical thematic progression

• Self-monitoring: symptom graphs

• Simulation: example stories with avatars

• Rehearsal: web-based worry diary and relaxation training

• Reminders: log-in reminders

• Normative influence: normalization of common generalized anxiety disorder features

Therapist Support
The therapists in the program were clinical psychologists,
psychology students, or nurses with additional therapeutic
training, all working at HUS Psychiatry. Each therapist received
1 day of training on internet delivery of CBT, text-based

communication, the intervention protocol, and Good Clinical
Practice. Therapists received regular group supervision and
sought consultation with a senior psychotherapist at any time.

To support patients’ progress, the therapists provided empathic
asynchronous feedback with written messages 4 times or more

J Med Internet Res 2022 | vol. 24 | iss. 3 |e29384 | p.532https://www.jmir.org/2022/3/e29384
(page number not for citation purposes)

Ritola et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


often (if the patient requested) during the therapy. If the patient
was inactive for 2 weeks, the therapist pursued contact through
an SMS text message or iCBT program. If no reply arrived
within a week, further contact was attempted by phone and
thereafter by a letter including a 2-week deadline for continuing,
after which access to therapy was discontinued.

A web-based report of live data on individual therapists was
created during the study to allow for supervision of compliance
with the intervention protocol and to prompt support to those
failing to ask for support. The report included data on the date
of the last log-in and the number of patients not contacted or
logged in within the last 2 weeks. The therapist time per patient
was not subject to monitoring, but each therapist treated a
minimum quota of patients per dedicated working hour. On
average, this quota would mean 9 to 11 minutes of working
time per patient per week.

Measures

Overview
Symptoms were measured using web-based questionnaires. The
primary measure of anxiety was the GAD-7; secondary measures
were, for pathological worry, the Penn State Worry
Questionnaire (PSWQ) and, for anxiety and impairment, the
Overall Anxiety Severity and Impairment Scale (OASIS).

Patients completed the GAD-7 at the beginning of each of the
first 11 sessions and at the end of the final 12th session. The 2
secondary measures were filled at the beginning and end of
treatment. Each participant received an invitation for a follow-up
measurement 3 months after completing the treatment.

GAD 7-Item Scale
The GAD-7 is a short, 7-item self-report questionnaire
developed to measure GAD diagnostic symptom criteria of the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition [30]. Its internal consistency (Cronbach α) has generally
ranged between .88 in the clinical population and .92 in the
general population [36,37]. The test–retest reliability in a study
was 0.83 [30]. In this study, Cronbach α was .725 before the
treatment and .905 after the treatment.

Penn State Worry Questionnaire
The PSWQ is a 16-item questionnaire designed to measure
pathological worry, a signature feature of GAD [38]. Internal
consistency has ranged from .86 to .95 among various samples
[38-40]. PSWQ sensitivity to change is good but less salient
than that of GAD-7 [41]. Test–retest reliability has been
inconsistent (0.67-0.93) [39,42], so a midrange score of 0.80
was our choice. In our study, the Cronbach α was .865 before
the treatment and .931 after the treatment.

Overall Anxiety Severity and Impairment Scale
The OASIS is a 5-item scale developed as a brief transdiagnostic
measure of anxiety severity and impairment [43]. Internal
consistency has ranged from .84 to .93 in 3 large clinical samples
[44-46]. OASIS’s sensitivity to change has been established,
but its diagnostic accuracy is low [45,47]. Test–retest reliability
has been 0.73 in undergraduate samples and 0.82 in clinical
samples [43,45] with a midrange value of 0.78 used. Cronbach

α in this study was .736 before the treatment and .888 after the
treatment.

Adherence
We measured the number of completed sessions and the time
of therapy, defined as the time between the first and last GAD-7
in-therapy measurements. Only patients who completed all 12
sessions were categorized as completers. The program
introduced the main theoretical framework in the first 4 sessions,
and the later sessions focused mostly on further implementation
of basic principles or introduced secondary content. Hence, we
subcategorized noncompleters into two groups a priori: early
dropouts (those discontinued before the completion of the fourth
session) and late dropouts.

Patient Characteristics
We collected patient demographics such as age, registered sex,
and municipality class. The municipality class was either urban
or nonurban, according to the official Finnish classification
[48].

Statistical Analysis
Our data were a convenience sample of all consented patients
who entered treatment after February 2016. Our desired power
was 80% and type I error was 0.05 for the main tests and 0.01
for post hoc tests. When comparing 2 independent means, a
requirement to detect a small effect size, a minimum of 0.2,
would be achieved with a sample of 435 for main tests and 647
for post hoc tests, assuming a 45%/55% completer/noncompleter
distribution. For mixed model parameters, we set significance
at a conservative P<.01, while ensuring that Akaike and
Bayesian Information Criteria [49,50] do not indicate worsening
fit. The final mixed model was built in a backward stepwise
manner.

The primary outcome analysis involved a linear mixed random
model that allowed growth modeling to account for the changing
pace of recovery at different time points during therapy, the use
of all available data, and different intercept estimations for each
individual. GAD-7 served as the dependent variable, and we
modeled a growth curve using linear, quadratic, and cubic terms
of the GAD-7 observation time. To control for the effect of dose
of and time on therapy, we also tried a full model with the main
effects and interactions of the GAD-7 observation session. We
also input the main effects of gender, age, referral source,
municipality class, and completion status, along with their linear
combinations with time.

The ITT and noncompleter groups’effect sizes for GAD-7 were
estimated with mixed model–estimated marginal means. This
approach generally performs better than a pure last observation
carried forward (LOCF) at handling dropout bias, especially in
larger samples (n>400 [51]). The method used to calculate effect
sizes was that of Morris and DeShon [52] (equations 13 and
12). Calculations also used the baseline SD and observed
pre–post correlation.

We calculated clinical change indexes using the LOCF values.
Reliable change was defined as Reliable Change Index (RCI
[53]), and recovery was defined as transitioning below the
clinical cutoff on the primary outcome measure, GAD-7. The
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RCI and clinical cutoff together provide stringent criteria for
both response and recovery [54]. Test–retest reliability obtained
from earlier normative studies allowed the calculation of the
RCI. We explored recovery for those with a baseline GAD-7
score of ≥10 to avoid confounding recovery rates with those of
patients who had already fulfilled the criterion at baseline. In
reliable recovery, the patient fulfilled the criteria for both clinical
recovery and RCI. Full symptomatic recovery (remission) was
defined as a posttreatment score <5 on the GAD-7.

We used SPSS Statistics 22 (IBM Corporation) for the analyses
[55].

Results

Patient Flow, Baseline Characteristics, and Adherence
Of all referrals to the clinic, those rejected during the recruitment
period amounted to only 0.6%. Of the 1912 patients who
completed the consent form, 1488 (77.82%) provided their
consent (Figure 1).

Of the 1099 patients analyzed, 485 (44.13%) fully completed
the HUS-iCBT, and a further 363 (33.03%) completed at least
the first 4 sessions, meaning that 251 (22.84%) patients dropped
out early. Those who completed from 4 to 11 sessions were
considered as late dropouts. On average, patients completed 7.8
(SD 4.2; 65.1%) of the 12 sessions. The average time on therapy
(time between pretreatment and last measurements) in the whole
sample was 128 (SD 97) days, 171 (SD 95) days for completers,
36 (SD 44) days for early dropouts, and 131 (SD 84) days for
late dropouts.

At baseline, completers and noncompleters differed in their
proportions regarding referral source, municipality class, average
age, and OASIS scores (Table 1). The average age of completers
was 4.9 years higher with their average OASIS score being 0.7
points higher than the score of noncompleters. Statistically
significant differences did not emerge in gender distribution or
in the average GAD-7 and PSWQ scores.

Figure 1. Patient flowchart. GAD-7: Generalized Anxiety Disorder 7-item scale.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e29384 | p.534https://www.jmir.org/2022/3/e29384
(page number not for citation purposes)

Ritola et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


In post hoc analyses, completion was more likely among patients
referred from private or occupational care (50.4%) than among

those from primary care (39.1%; χ2
1=9.675; P=.004). Baseline

OASIS scores differed significantly between early dropouts and
both late dropouts (t612=4.297; P<.001) and completers
(t734=6.041; P<.001), but not between late dropouts and
completers (t846=1.625; P=.105). The average baseline OASIS
scores were 13.3 for early dropouts, 12.3 for late dropouts, and
12.0 for completers.

In total, 30 therapists treated an average of 37 (SD 38) study
patients. Of the 1099 patients, 1097 (99.81%) received at least
one message from their therapist, and 796 (72.43%) sent one
or more messages to their therapist. Completers sent a message
more often (420/485, 86.6% patients) than noncompleters
(376/614, 61.2% patients). Therapists sent, on average, 8.4 (SD
4.7) messages and patients (those who did) sent 4.0 (SD 4.2)
messages. Of those patients who did send messages, the average
number of messages that completers sent (4.9, SD 4.8) was
greater than that of noncompleters (3.1, SD 3.1). Therapists
sent, on average, more messages to completers (11.6, SD 4.4)
than to noncompleters (5.9, SD 3.1).

Table 1. Baseline characteristics.

Completers vs noncompletersNoncompleters (n=614)Completers (n=485)Total sample (N=1099)Characteristics

P valueTest statistic

.13χ2
1=2.240Gender, n (%)

464 (75.6)385 (79.4)849 (77.3)Female

150 (24.4)100 (20.6)250 (22.7)Male

.002χ2
4=16.872Referral source, n (%)

366 (59.6)235 (48.5)601 (54.7)Primary care

168 (27.4)171 (35.3)339 (30.8)Private or occupational

26 (4.2)24 (4.9)50 (4.5)Student health care

30 (4.9)25 (5.2)55 (5)Psychiatry

21 (3.4)33 (6.8)54 (4.9)Unspecified

.004χ2
1=8.469Municipality class, n (%)

554 (90.2)412 (84.9)966 (87.9)Urban

57 (5.7)73 (7.2)130 (11.8)Nonurban

<.001t935=6.57831.1 (12.2)36.0 (13.1)33.3 (12.2)Age (years), mean (SD)

.35t1038=0.94113.3 (3.6)13.1 (3.6)13.2 (3.6)GAD-7a, mean (SD)

.47t1031=0.72364.2 (9.7)64.7 (9.9)64.4 (9.8)PSWQb, mean (SD)

<.001t1046=4.21612.7 (2.8)12.0 (2.8)12.4 (2.8)OASISc, mean (SD)

aGAD-7: Generalized Anxiety Disorder 7-item scale.
bPSWQ: Penn State Worry Questionnaire.
cOASIS: Overall Anxiety Severity and Impairment Scale.

Primary Outcome Model
The building of the primary mixed model is described in
Multimedia Appendix 1 and Textbox 1. The model was built
backward stepwise, with all terms of interest entered into the
model. Eliminated terms were gender, both in average effects
and time interaction; municipality class, both in average effects
and time interaction; age in average effects; and completion
status, both in average effects and session interaction.

The estimated fixed and random effects on GAD-7 are given
in Table 2, and the model-estimated mean trajectory is shown
in Figure 2. According to the model, after the average time
between the pre- and posttreatment observations for completers
(171, SD 95 days), the main effects of time on GAD-7 would
amount to an average of 3.1 (95% CI 4.4-2.7) points of

improvement. The main average effect of the session was 0.523
(95% CI 0.592-0.455) points of improvement per session, or
6.7 (95% CI 5.5-7.1) points after all 12 sessions. Time had a
negative interaction with session, and over a complete therapy
(12 sessions), an extra week of therapy would amount to an
average of 0.20 (95% CI 0.16-0.24) points of deterioration.
Older patients improved more than their younger counterparts;
for example, 40-year-old patients improved on average 0.3
points more (95% CI 0.1-0.5) than their 20-year-old counterparts
after an average course of therapy. Patients from private or
occupational health care had similar overall symptoms as
patients from student health care (95% CI −0.6 to 1.6) but milder
than those from specialized psychiatric care (95% CI 1.0-3.1)
and primary health care (95% CI 0.4-1.4). Patients from private
and occupational health care benefited similarly as patients from
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psychiatric services (95% CI −0.12 to 0.17) but more than
patients from student (95% CI 0.13-0.46) or primary health care
(95% CI 0.05-0.19) per month on therapy. Completers and early
dropouts benefited from the treatment similarly (95% CI −0.16

to 0.35), but late dropouts benefited less (95% CI 0.16-0.35)
per month. Estimates of random effects indicated that patients
likely had individual overall symptom levels (P<.001).

Table 2. Mixed linear model parameter estimates.

P valuet test (df)Wald ZEstimate (SE; 95% CI)Parameter

N/AaFixed effects

<.00159.16 (1594.5)12.422 (0.210; 12.01 to 12.83)Intercept

<.001−7.89 (8627.5)−0.028 (0.004; −0.035 to −0.021)Observation time (time)

.012.53 (8308.9)3.35×10−5 (1.32×10−5; 7.57×10−6 to 5.95×10−5)Time2

.004−2.87 (8117.6)−3.39×10−8 (1.18×10−8; −5.70×10−8 to −1.07×10−8)Time3

<.001−15.00 (8652.5)−0.523 (0.035; −0.592 to −0.455)Observation session (session)

<.0019.11 (8240.2)0.002 (0.0003; 0.002 to 0.003)Time × session

.001−3.21 (8669.3)−1.32×10−4 (4.10×10−5; 2×10−4 to −5.11×10−5)Time × age

N/AReferral source, main effect

N/AN/AN/APrivate or occupational

<.0013.88 (1289.4)2.059 (0.530; 1.018 to 3.099)Psychiatry

.0082.64 (1272.5)1.409 (0.533; 0.363 to 2.454)Other

.370.89 (1336.0)0.500 (0.559; −0.597 to 1.598)Student health care

<.0013.68 (1303.0)0.919 (0.249; 0.430 to 1.408)Primary care

N/AReferral source × time

N/AN/AN/APrivate or occupational

.730.34 (8163.2)0.001 (0.002; −0.004 to 0.006)Psychiatry

.111.58 (8140.2)0.004 (0.002; −0.001 to 0.009)Other

.0013.46 (8193.8)0.010 (0.003; 0.004 to 0.015)Student health care

<.0013.51 (8219.9)0.004 (0.001; 0.002 to 0.006)Primary care

N/ACompletion status × time

N/AN/AN/ACompleters, as reference

.0013.44 (8677.2)0.005 (0.001; 0.002 to 0.008)Late dropouts

.470.72 (8525.7)0.003 0.004; −0.005 to 0.012)Early dropouts

Random effects

<.001N/A61.769.40 (0.15; 9.11 to 9.70)Residual

<.001N/A20.3410.56 (0.52; 9.59 to 11.63)Patient intercept

aN/A: not applicable.
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Figure 2. Estimated mean marginal values based on linear mixed model versus observed values. Curves depict an average patient trajectory. GAD-7:
Generalized Anxiety Disorder 7-item scale.

Effect Sizes
Treatment effect sizes are given in Table 3. The estimated ITT
treatment effect size was 0.97, indicating a large effect on the
GAD-7. The estimated scores indicated a small effect size in
early dropouts (Cohen d=0.34) and a large effect size in late

dropouts (Cohen d=0.85). The treatment effect observed for the
completers was very large (Cohen d=1.39).

At the 3-month follow-up, 111 completers were reached, which
accounted for 10.1% of the whole sample and 22.9% of the
completers. The observed change in the GAD-7 score was −6.8.
For secondary measures, changes were −11.3 in PSWQ and
−3.9 in OASIS.
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Table 3. Treatment effects based on estimated marginal means and observed values.

Effect size, Cohen d (95% CI)Pre–post, correlationPre–post, changePost, mean (SD)Baseline, mean (SD)Treatment effect

GAD-7 a

1.39 (1.25-1.53)0.267−6.17.0 (4.7)13.1 (3.6)Completersb

Estimated values

0.34 (0.16-0.51)0.377c−1.311.5 (4.5)12.9 (3.6)Early dropouts

0.85 (0.70-1.00)0.351c−3.59.4 (5.1)12.9 (3.6)Late dropouts

0.97 (0.88-1.06)0.308c−4.18.7 (4.7)12.9 (3.6)ITTd analysis

PSWQe

1.14 (1.00-1.27)0.526−11.053.7 (13.6)64.7 (9.9)Completersb

OASISf

1.23 (1.09-1.37)0.452−3.68.4 (3.9)12.0 (2.8)Completersb

aGAD-7: Generalized Anxiety Disorder 7-item scale.
bFewer patients completed the PSWQ and OASIS after the treatment (n=479).
cOnly these correlations were calculated from before the treatment and the last observed values for those with ≥2 observations.
dITT: intention to treat.
ePSWQ: Penn State Worry Questionnaire. For PSWQ and Overall Anxiety Severity and Impairment Scale, only baseline scores were available for
noncompleters; hence, only complete effect sizes were observed.
fOASIS: Overall Anxiety Severity and Impairment Scale.

Clinical Change Indexes
Clinical change indexes based on the GAD-7 scores are provided
in Table 4. After the treatment, 23.29% (256/1099) of patients
achieved remission (GAD-7 score <5).

Indexes for PSWQ and OASIS were reported only for
completers because noncompleters had only one observation.
Reliable change on PSWQ was a change of >12 points and
40.9% (196/479) reliably improved and 1% (5/479) reliably
deteriorated. On OASIS reliable change was a change of >3
points and 48.6% (233/479) reliably improved and 1.5% (7/479)
reliably deteriorated.

Table 4. Clinical indexes at the final on-therapy observation.

Early dropoutsb (sessions <4), n (%)Late dropoutsb (sessions ≥4), n (%)Completers, n (%)ITTa, n (%)Clinical index

251 (100)363 (100)485 (100)1099 (100)Baseline GADc -7 score ≥8

56 (22.3)170 (46.8)306 (63.1)532 (48.4)Reliable improvementd

10 (4)19 (5.2)12 (2.5)41 (3.73)Reliable deterioratione

214 (100)295 (100)385 (100)894 (100)Baseline GAD-7 score ≥10

56 (26.2)155 (52.5)268 (69.6)479 (53.6)Reliable improvementd

57 (26.6)149 (50.5)280 (72.7)486 (54.4)Recoveryf

48 (22.4)129 (43.7)244 (63.4)421 (47.1)Reliable recoveryg

7 (3.3)11 (3.7)9 (2.3)27 (3)Reliable deterioratione

aITT: intention to treat.
bOn the basis of the last observed values.
cGAD-7: Generalized Anxiety Disorder 7-item scale.
dGAD-7 score drop of ≥5.
eGAD-7 score increase of ≥5.
fGAD-7 changed to <10 at after the treatment.
gBoth reliably improved and recovered.
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Discussion

Principal Findings
This nationwide, free-of-charge, therapist-supported HUS-iCBT
for GAD in routine care, with no predetermined maximum
completion time, comprised 1099 patients referred by their
physicians. To the best of our knowledge, this study has the
largest reported real-world sample involving iCBT for GAD.
The patients reported substantial improvement in ITT analyses
amounting to effect sizes of Cohen d=0.97 on GAD-7; and for
completers, Cohen d=1.39 on GAD-7, Cohen d=1.14 on PSWQ,
and Cohen d=1.23 on OASIS. The full completion rate was
44.1% (485/1099), and the average session completion rate was
7.8 (65%) of the total 12 sessions. A reliable improvement
occurred in 48.4% (532/1099) of the full sample. Of those with
a baseline GAD-7 score ≥10, reliable improvement occurred in
53.6% (479/894), with a transition to recovery achieved by
54.4% (421/894). These results seemed to be enduring for 22%
(111/485) of completers who answered the follow-up
questionnaires. The average change on the GAD-7 at 3-month
follow-up was still −6.8 points (vs −6.1 at after the treatment).

Comparison With Earlier Work

Symptomatic Change
The change in GAD-7 score was comparable with that achieved
in 3 of the 4 Australian ThisWayUp trials (Cohen d=0.91-1.18
[23,26,27]) lower than that in the fourth trial that used different
inclusion criteria (Hedges g=2.06 and 2.10 [28]), and
comparable with the Online Therapy Unit’s trial (Cohen d=1.07
[29]). The change in GAD-7 scores in our study was also not
inferior to the within-group change in a recent meta-analysis of
RCTs of transdiagnostic iCBT for anxiety and depression (95%
CI 0.91-1.22 [15]). The effect size also seems encouraging when
contrasted with change in comparison with a waiting list in
another meta-analysis (95% CI 0.39-1.01 [9]).

Interestingly, from both practical and theoretical viewpoints,
the longer it took for patients to complete a given number of
sessions, the less they improved. It is plausible that the effects
of therapy become diluted if the patient’s commitment to therapy
weakens. Therefore, methods of increasing engagement in
therapy seem one of the most promising ways to increase the
effectiveness of iCBT for GAD.

The change in the PSWQ for completers (Cohen d=1.14)
indicates a substantial improvement in worry. In a meta-analysis
of 10 RCTs of iCBT for GAD, the ITT effect size on the PSWQ
in iCBT was 0.71 [16]. Although the comparison is not direct,
the results of this study agree with the existing RCT results.

The OASIS-measured anxiety-related functional impairment
demonstrated a large improvement in the completers (Cohen
d=1.23). Of the ThisWayUp trials, Mahoney et al [28] found
medium to large improvements in health-related disability and
functioning, as measured by the World Health Organization
Disability Assessment Schedule 2.0. Similarly, a trial conducted
by the Online Therapy Unit [29] found that patients had a large
decrease in functional impairment after therapy, as measured
by the Work and Social Adjustment Scale. The combined results

strongly suggest that iCBT for GAD can improve functional
capacity.

Our completers improved faster than late dropouts, unlike those
in 2 earlier studies, which showed no or negligible differences.
However, significant improvement was also observed in our
noncompleters, which could imply heterogeneity in this
population. Feedback offered by the patients who withdrew
from the Online Therapy Unit intervention also suggests that
several patients may have discontinued treatment as their
symptoms improved [29]. In iCBT for depression, there seems
to be a subgroup of patients who benefit from the therapy rapidly
and discontinue treatment prematurely [56]. These patients may
regard further treatment as unnecessary. Hence, discontinuation
should not be considered, by default, a failure.

Although not unequivocally proven, clinician-referred patients
in iCBT tend to exhibit lower effect sizes than
community-recruited or self-referred ones [13,57]. Thus, our
results seem encouraging, as all patients in HUS-iCBT have
been physician-referred.

Recovery and Reliable Change
In the ITT analysis using LOCF, of HUS-iCBT patients with a
baseline GAD-7 score ≥10, 54.4% (486/894) of patients
achieved recovery. This recovery rate is comparable with that
reported earlier in face-to-face CBT for GAD (51.4% [54]).
Owing to differing imputation methods, we cannot directly
compare our ITT results with those of Australian studies.
Nevertheless, Hobbs et al [26] reported a 70% recovery rate for
completers, which is comparable with our 72.7% (280/385).

Moreover, the criteria for reliable change in our study and
previous studies differed, which prevented direct comparison.
In one meta-analysis of RCTs of iCBT, reliable deterioration
occurred in 3.1% (95% CI 1.5%-5.9%) of patients in trials for
anxiety disorders [13]; in another meta-analysis of several
disorders, reliable deterioration occurred in 5.8% of iCBT
patients (vs 17.4% of patients on the waiting list) [21]. In
HUS-iCBT, reliable deterioration occurred in 3.73% (41/1099)
of patients. Thus, HUS-iCBT for GAD also appeared to be as
safe as precious treatments and safer than no treatment.

Adherence
The full completion rate in our study (485/1099, 44.13%) was
similar to the rates in previous routine care trials (36%-55%)
but lower than that in a meta-analysis of routine care iCBT for
depression and anxiety (61%) [13]. However, RCTs are likely
to inflate adherence when compared with real-world trials. For
instance, ThisWayUp’s trials have shown a dramatic decrease
from very high full completion rates when transitioning from
a research setting into primary care (75%-85% vs 38% [24]).

The proportion of completed sessions in HUS-iCBT (65%) was
marginally lower than that in the earlier trials (67%-77% in
ThisWayUp’s and 72% in Online Therapy Unit’s trials) but
somewhat higher than that in the previously mentioned
meta-analysis (57% [13]). Compared with ThisWayUp’s
program, a lower proportion of completed sessions may be
expected in a therapy comprising twice as many sessions (12
vs 6). Interestingly, more patients in the HUS-iCBT completed
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≥6 sessions compared with the Australian trials (61% vs
36%-55%). On the other hand, the Online Therapy Unit had
slightly better results with a program of similar length both in
sessions (n=12) and average days on therapy (135 vs our 128).
Differences in the course of therapy, recruitment, and therapist
protocols prevent straightforward comparison. The comparison
is further hampered by the overlapping recruiting periods in the
Australian trials, as the number of patients reported remains
unique. Hence, the optimal number of iCBT sessions for GAD
remains unknown.

Compared with our noncompletion rate (614/1099, 55.86%),
face-to-face individual psychotherapy for GAD has had a low
dropout rate of 17% in a meta-analysis of RCT trials [58], and
a meta-analysis of nonrandomized outpatient studies on CBT
for adult anxiety disorders showed a similar dropout rate of
15% [59]. However, the criteria for completion in face-to-face
psychotherapy are often more lenient, such as stopping when
agreed upon with the therapist or completing a minimum number
of sessions [59]. Thus, the adherence numbers are not
comparable and are likely to be closer to iCBTs when analyzed
with an equivalent metric.

In our study, completers sent and received more messages than
did noncompleters. Our data do not allow exploration of
causality, but this finding may be intuitively explained by the
completer’s longer time on therapy. In the Online Therapy
Unit’s trial [29], both patients and therapists sent more messages
(on average 9.6 and 20.0, respectively) than ours (4.2 and 8.4,
respectively). This difference is not surprising, given the
differences in intake protocol (both clinician referral and
community recruitment and intake interview vs strictly a
physician’s referral and only referral screening in HUS-iCBT)
and therapist-contact intensity (weekly messages vs minimum
4 messages per therapy). These differences may also partly
explain the higher adherence in the Online Therapy Unit’s trial.

Patients’ Background Effects
Older patients improved more and faster than younger patients.
At first glance, this seems counterintuitive, as one could presume
that young, digital native patients could feel more comfortable
in the digital realm than the older ones. Nevertheless, 1 of the
3 ThisWayUp’s trials also found that older age predicted larger
improvement [23], whereas another found no such relationship
[26], and the third trial found a relationship but left its direction
unreported [27]. Furthermore, in a transdiagnostic study of iCBT
for anxiety and depression, older age predicted greater
improvement [60], whereas in a meta-analysis of various
psychotherapies for GAD, older participants improved less than
younger ones [61].

Moreover, younger patients were less likely to complete the
program than their older counterparts. This relationship has
been a common finding in iCBT for GAD in routine care
[23,26,27] but not in face-to-face psychotherapy for GAD [58].
The average age in this study was 33 years, 6 or 7 years lower
than that in the 3 ThisWayUp and single Online Therapy Unit
study that reported their sample ages [23,26,27,29]. Overall,
research on the age issue is scarce, and what still remains
obscure is how age may or may not affect the results of different
modes of therapy, such as face-to-face therapy or iCBT.

Gender had no significant influence on adherence in our study,
similar to the findings of Australian studies. Systematic reviews
of RCTs on face-to-face psychotherapy for GAD or CBT for
anxiety disorders have also found no significant
gender-adherence relationship [54,58].

The full completion rate was higher among patients referred
from private or occupational health (171/339, 50.4%) than
among those referred from primary care (235/601, 39.1%). Their
symptoms improved faster than those referred from students or
primary health care. These effects could be due to patient-group
differences: patients referred from occupational health are, by
definition, employed and presumably have a higher average
level of functioning, higher socioeconomic status, and a lower
likelihood of serious comorbidities. Moreover, in our recent
study, physicians in occupational health displayed more interest
in sending patients to iCBT than their primary care counterparts
[62], which may transfer into patients’ own expectations and
motivation.

Patients from nonurban municipalities were more likely to
complete the therapy (73/130, 56.2%) than those from urban
municipalities (412/966, 42.7%). This relationship is somewhat
opposed to the findings in the 2012 report by Mewton et al [23],
where patients from urban settings were more likely to complete
the therapy than were those from a rural setting. The causes of
this difference are unknown and are likely to include multiple
recently discovered factors, such as differences in technology
adoption, financial concerns, and access to treatment [63].
Nevertheless, the municipality class did not demonstrate a
significant impact on symptomatic improvement in the mixed
model analysis.

Design Comparison
The results of this and earlier studies in routine care are, in
general, comparable despite considerable differences in setting,
design, and support.

To the best of our knowledge, HUS-iCBT and the Online
Therapy Unit’s programs had no predetermined maximum
therapy completion time, whereas ThisWayUp applied a typical
fixed maximum time restriction (90 days). The time from the
first to last observation on HUS-iCBT (128 days) and from the
first to last log-in at the Online Therapy Unit (135 days) were
comparable and longer than the typical 90 days in other trials.
Although the lack of a predetermined maximum time span may
support adherence during changing life situations, it could also
disengage some patients and dilute therapy effects, thereby
leading to an increased dropout rate. As confounding design
and sample features exist, such as different numbers of sessions
and differences in sample average age, the optimal time span
remains unknown.

In the Australian studies, patients were referred to iCBT by their
own independent clinicians, each of whom was required to
register as a provider, to receive training, and to use an
assessment toolkit. The Online Therapy Unit required a
centralized diagnostic interview. Our HUS-iCBT only screened
referrals from physicians (but not from other clinicians) with
no obligatory registration or any specific assessment schema.
The practice at HUS-iCBT was chosen as the middle ground to
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ensure proper diagnostics while maintaining a high intake flow.
To maintain a low threshold, the inclusion criteria in HUS-iCBT
were purposely loose, with only 0.6% (51/8394) of all physician
referrals rejected during the recruitment period, and this may
have contributed to a possible patient–therapy mismatch.

In HUS-iCBT, the support was provided centrally by specially
trained and supervised mental health professionals, as
recommended by authors from 5 universities who argue that
iCBT requires specialized expertise and processes [64]. In the
ThisWayUp studies, support was provided by the referring
clinicians, who rarely contacted their patients. A pre-existing
alliance could compensate for the clinicians’ lack of specialized
training.

HUS-iCBT was free of charge for the patients, as was the
treatment at the Online Therapy Unit. Patients in ThisWayUp
paid approximately Aus $49 (US $37) for the treatment, which
may have ensured motivation and therefore improved adherence
[24] but may also serve as a barrier to treatment.

Strengths and Limitations
The main strengths of this study are its nationwide scope, the
largest sample thus far reported, and its routine care setting.
One could argue that reliance on self-report measures can inflate
treatment effects, but 2 recent meta-analyses suggest that
combining indexes based on self-reporting can be even
conservatively biased [7,54]. Self-report measures also fulfill
practical requirements for scalability.

Other routine care studies did not use PSWQ or OASIS. Their
addition in our study shows that iCBT for GAD can ease
pathological worry and anxiety-related impairments in routine
care. Although they both offer important information, they may
not be as sensitive to change as the GAD-7.

Concomitant treatments, including psychopharmaceuticals, are
often offered to patients in routine care. Information on these
treatments is not reliable. This limits our understanding of the
possible interactions between different treatments.

Not all comorbidities may have appeared in patient documents
in referrals, and depressive symptoms were not measured. This
issue is particularly relevant for GAD, as its annual comorbidity
with major depression is around 41% [4]. One effectiveness
study also indicated that depressive symptoms could decrease
treatment effectiveness [26]. The lack of depression
measurement does not weaken the study’s results but highlights
the question of whether every one of our patients received
optimal treatment.

We could not, retrospectively, reliably identify the therapist
behind each message sent to the patient. We know that due to
vacation periods, illness, or leaving HUS, not all messages sent
to a patient may have come from the same therapist. This
prevented us from analyzing the effect of the individual
therapist, their profession, or other relevant training.

Only 23% (111/485) of completers were reached for the 3-month
follow-up. Such high attrition limits our conclusions regarding
long-term effectiveness. However, we did not include follow-up
data in the linear mixed model analyses, and these limited data
do not compromise the main results.

Future Research
Thus far, therapist-supported iCBT for GAD has not been
compared with other active treatment forms or no treatment in
routine care, making comparisons with active controls, coupled
with health economic analyses, essential. Not all patients benefit
from iCBT for GAD. Both transdiagnostic programs and
tailoring content to individual needs have displayed promising
results [15,64], although for anxiety, unguided transdiagnostic
iCBTs may be less or no more efficacious than
diagnosis-specific ones [19,35]. Tailored transdiagnostic
treatments seem likely to be a significant trend in iCBT, but
evidence for their added value still needs to be confirmed.

Adherence to iCBT for GAD seems to be lower in primary care
than in RCT trials. Evidence is emerging for adapted therapist
support for patients at risk for dropout [65,66] and for an optimal
therapist-contact schedule for iCBT in cases of depression and
insomnia [67,68]. Machine learning applications could
accelerate the identification of patients at risk for dropout and
accelerate proactive support. However, this venue of research
is still in its infancy.

iCBT programs often retain a considerable number of text-based
answers and messages. Text mining approaches could offer an
exciting avenue for exploring qualitative phenomena. Such
analyses could be beneficial for both theoretical research and
the practical application of iCBT.

The optimal time schedules for or the number of sessions in
iCBT for GAD remain unclear. Further comparison studies
should seek to establish more suitable, effective, and economic
combinations. Age and other demographic variables may also
influence the outcomes of iCBT for GAD. To provide equally
effective care for everyone, future studies should investigate
how to overcome hurdles presented by demographic variables.

PSWQ and OASIS were not used in other routine care studies.
They represent both diagnosis-specific and transdiagnostic
processes related to GAD and anxiety in general. OASIS, a
short self-rating scale, opens up a venue for further comparative
research between iCBT for various psychiatric disorders. As
PSWQ measures pathological worry, a theoretically important
GAD feature, an in-depth psychometric examination of PSWQ
may reveal important information on moderators and mediators
of effectiveness.

Since the collection of our data, HUS-iCBT for GAD has
adopted a novel technical platform, a predetermined maximum
completion time (20 weeks), pretreatment phone calls, and
weekly therapist support. These changes may have practical
implications that will enable further studies.

Conclusions
This nationwide, free-of-charge, therapist-supported HUS-iCBT
for GAD with no predetermined maximum completion time
was effective at improving symptoms and reducing worry and
functional impairment in routine care. Overall, this therapy
appears to be safer than no treatment and is at least as effective
as other therapist-supported iCBTs for GAD. The observed
gains at the 3-month follow-up should be confirmed in future
studies. Future research needs to establish comparative
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effectiveness against other treatments and to optimize the benefit
of iCBT for GAD in a variety of patient groups and individual

patients.
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Abstract

Background: Digital interventions have gained momentum in terms of behavioral health. However, owing to lacking standard
approaches or tools for creating digital behavioral interventions, clinical researchers follow widely varying conceptions of how
best to go about digital intervention development. Researchers also face significant cost-, time-, and expertise-related challenges
in digital intervention development. Improving the availability of tools and guidance for researchers will require a thorough
understanding of the motivations and needs of researchers seeking to create digital interventions.

Objective: This study aims to understand the perceptions of behavioral researchers toward digital interventions, and inform the
use of these interventions, by documenting the reasons why researchers are increasingly focusing their efforts on digital interventions
and their perspectives on the perceived benefits that digital approaches can provide for researchers and intervention recipients.

Methods: We conducted semistructured qualitative interviews with 18 researchers who had experience designing digital
behavioral interventions or running studies with them. A convenience sample of interviewees was recruited from among users
of the Computerized Intervention Authoring System platform, a web-based tool that facilitates the process of creating and deploying
digital interventions in behavioral research. Interviews were conducted over teleconference between February and April 2020.
Recordings from the interviews were transcribed and thematically analyzed by multiple coders.

Results: Interviews were completed with 18 individuals and lasted between 24 and 65 (mean 46.9, SD 11.3) minutes. Interviewees
were predominantly female (17/18, 94%) and represented different job roles, ranging from researcher to project or study staff.
Four major themes came out of the interviews concerning the benefits of digital interventions for behavioral health: convenience
and flexibility for interventionists and recipients, support for implementing evidence-based interventions with fidelity, scaling
and improving access to interventions, and getting a foot in the door despite stigma and disenfranchisement.

Conclusions: Interviewees described a number of important potential benefits of digital interventions, particularly with respect
to scientific rigor, scalability, and overcoming barriers to reaching more people. There are complex considerations with regard
to translating behavior change strategies into digital forms of delivery, and interventionists make individual, sometimes unexpected,
choices with minimal evidence of their relative effectiveness. Future research should investigate how behavioral researchers can
be supported in making these choices toward usability, ease of access, and approachability of digital interventions. Our study
underscores the need for authoring platforms that can facilitate the process of creating and deploying digital interventions to reach
their full potential for interventionists and recipients alike.

(J Med Internet Res 2022;24(3):e34300)   doi:10.2196/34300
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Introduction

Background
Digital behavioral interventions, which rely on digital
technologies to promote behavior change and maintain health
[1], have been growing rapidly over the past several decades.
Digital approaches have unique potential benefits in promoting
behavioral health, especially with regard to risky behaviors and
sensitive or stigmatized topics (eg, drug and alcohol use [2-4],
sexual health [5,6], and mood and anxiety [7]) that many are
hesitant to discuss openly [8].

However, the development of such interventions requires
significant expertise, planning, and financial resources [9-11].
Researchers interested in digital interventions may need more
support in areas such as design guidance, software development,
and financial or other logistical considerations. However, this
support must be grounded in a deep understanding of the ways
that investigators are using, or hope to use, digital interventions
in their research. The purpose of this 2-part qualitative
investigation is to better understand the motivations, needs,
constraints, and experiences of researchers who have looked to
digital interventions in their work addressing behavioral health.
This study was conducted as part of a redesign of the
Computerized Intervention Authoring System (CIAS) platform,
a web-based authoring tool for researchers [12-14]. This study
includes previous and current CIAS users and CIAS-naive users
with interests in developing interventions for substance use
[3,4], mental health [15], and HIV [16]. This convenience
sample enabled us to investigate the experiences of researchers
who have used an authoring tool to assist with the development,
deployment, and scaling of digital interventions.

Objectives
In this paper (part 1), we seek to document the reasons why
these researchers used digital health interventions to address
behavioral health. In a companion paper (part 2 [17]), we report
common barriers to the intervention creators’ experience and
key considerations that go into the design and implementation
of digital interventions.

Methods

Overview and Ethics Approval
We conducted semistructured interviews with former, current,
and potential future CIAS users, including investigators and
research study staff. All methods used in this study were
approved by the University of Michigan human subjects review
board (HUM00171197) and Wayne State University institutional
review board (IRB-19-10-1340) and were reported following
the COREQ (Consolidated Criteria for Reporting Qualitative
Studies) guidelines.

CIAS Platform
CIAS is an internet-based intervention authoring tool that allows
users to easily build, edit, and share web-based digital
interventions without needing to have computer programming
experience. The CIAS Health Insurance Portability and
Accountability Act–compliant platform provides researchers
with the ability to develop tailored and personalized text-based
interventions that can be narrated by a variety of avatars, both
human and animal, capable of multiple different actions and
voices (supporting >40 different languages, with male and
female versions of most, and a range of accents and dialects for
some of the more commonly spoken languages). For researchers,
CIAS supports screening functionality to determine study
eligibility, in-platform randomization to multiple conditions,
custom summary report generation, on-demand data access,
SMS text messaging alerts flagging specified user inputs (eg,
flags for suicidal ideation), instant language translation, a visual
map showing intervention flow, and web analytics. CIAS
supports intervention development features such as multiple
question types, natural language reflections, branching and
tailoring, and integration of video content. CIAS has been used
by numerous research groups to develop a variety of digital
interventions, many of which have focused on stigmatized
behaviors such as substance use [15,18-21]. With support from
the National Institutes of Health (EB028990), our team is
redesigning CIAS from the ground up. This research was
conducted as part of the redesign activities.

Participant Recruitment
Interviewees were recruited via email solicitations from a
purposive convenience sample of CIAS users via snowball
sampling and through email to investigators familiar with
conducting digital interventions. Most participants had
experience with motivational interviewing (MI), an
evidence-based technique to support behavior change [22], and
in interventions on a variety of behavioral health topics. To be
eligible to participate in this study, participants were required
to be aged at least 18 years.

Study Procedures and Data Collection
Owing to the COVID-19 pandemic, all interviews were
conducted via teleconference and recorded for later transcription.
Interviews were conducted in single sessions between February
and April 2020 by 2 trained female study team members (BMB
and ANS) with expertise in user experience design and
methodology and with Master’s of Science in Information
degrees. The 2 interviewers took field notes during the
interviews, which typically lasted no more than 60 minutes.
Study participants did not know the interviewers and were not
given prior access to interview questions or guides; however,
all participants knew they were being interviewed as part of
CIAS redesign efforts. At the beginning of each interview, the
interviewers read a standard script focused on information
pertaining to the study, and the interviewees gave verbal consent
before the interview. At the conclusion of the interviews,
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interviewees completed a brief electronic survey to assess their
comfort with CIAS (if they had used it previously) and collect
basic demographics. Participants were neither granted access
to interview transcripts for review nor asked to comment on the
findings. Interviewees were offered a US $20 check, which was
mailed to their home, for each interview. Interviews were
conducted until saturation was reached.

Analysis
Analysis began with a debriefing between the 2 interviewers
after each interview, during which they reviewed their individual
notes and gradually synthesized data across interviews, looking
for patterns. Interpretations of the data and identified patterns
were discussed at meetings with the full study team every other
week. This stage of analysis categorized participants within the
common roles they played in their interactions with the CIAS
or other digital interventions. Interview recordings were then
transcribed, and inductive thematic analysis was conducted by
2 coders (BMB and ANS), including an initial round of full
analysis that finalized a set of patterns that became the themes

of this paper, followed by a second round of analysis that then
validated these themes and confirmed connections among them.
Memoing was used throughout this process.

Results

Overview
We solicited 24 former and current CIAS users for participation
in this study. Of the 24 participants, the interviews were
conducted with 17 (71% response rate). In addition, we solicited
additional CIAS-naive users familiar with digital interventions
through email recruitment using the University of Michigan
Department of Family Medicine listserv and recruited 1
additional participant. In total, we completed interviews with
18 participants. The interview duration lasted between 24 and
65 minutes (mean 46.9, SD 11.3 minutes). Interviewees were
predominantly female (17/18, 94%) and represented different
job roles, ranging from investigator to project or study staff.
Table 1 displays the aggregate interviewee characteristics, and
Table 2 displays brief descriptions of each interviewee.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e34300 | p.548https://www.jmir.org/2022/3/e34300
(page number not for citation purposes)

Marcu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Aggregate interviewee characteristics (N=18).

Values, n (%)Characteristics

Gender

1 (6)Male

17 (94)Female

Job title (all that apply)

13 (72)Researcher

4 (22)Psychologist

5 (28)Other (project manager or coordinator and research assistant or associate)

Employer

15 (83)Academic institution

1 (6)Foundation

1 (6)Contract research organization

1 (6)Other (nonprofit research organization)

Race

4 (22)African American or Black

13 (72)White

1 (6)Prefer not to answer

Ethnicity

2 (11)Hispanic or Latino

16 (89)Non-Hispanic or Non-Latino

Education

6 (33)Bachelor’s

4 (22)Master’s

8 (44)Beyond a master’s degree

Self-reported proficiency with CIASa (n=17)

3 (18)Novice

4 (24)Proficient

7 (41)Advanced

3 (18)Expert

aCIAS: Computerized Intervention Authoring System.
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Table 2. Individual interviewee descriptions.

GenderHighest level of education obtainedEmployer typeSelf-reported titleID

FemaleBeyond a master’s degreeAcademic institutionResearcher; psychologistP1

FemaleMaster’s degreeFoundationResearcherP2

FemaleBachelor’s degreeAcademic institutionProject managerP3

FemaleBeyond a master’s degreeAcademic institutionPsychologistP4

FemaleMaster’s degreeAcademic institutionProject managerP5

MaleBeyond a master’s degreeAcademic institutionResearcherP6

FemaleBeyond a master’s degreeAcademic institutionResearcherP7

FemaleBeyond a master’s degreeAcademic institutionResearcher; psychologistP8

FemaleBeyond a master’s degreeAcademic institutionResearcher; psychologistP9

FemaleBachelor’s degreeAcademic institutionResearcherP10

FemaleBachelor’s degreeAcademic institutionResearcherP11

FemaleBachelor’s degreeAcademic institutionResearch assistantP12

FemaleMaster’s degreeContract research organizationResearcherP13

FemaleMaster’s degreeAcademic institutionResearcher; research project coordinatorP14

FemaleBeyond a master’s degreeNonprofit research organizationResearcherP15

FemaleBachelor’s degreeAcademic institutionResearch associateP16

FemaleBachelor’s degreeAcademic institutionResearcherP17

FemaleBeyond a master’s degreeAcademic institutionResearcherP18

Benefits of Digital Interventions

Overview
Our interviews revealed the perceived benefits of digital
interventions from the perspective of researchers focusing on
interventions for behavioral health. Grounding our interviews
in the use of the CIAS platform led to themes focused on the
concrete, current, or near-future capabilities of digital
interventions. Interviewees most commonly pointed to four
categories of potential: increased convenience and flexibility,
implementing evidence-based interventions with fidelity, scaling
interventions and improving access, and getting a foot in the
door despite stigma and disenfranchisement.

Convenience and Flexibility for Interventionists and
Recipients
Researchers described looking to digital interventions as they
allow for more flexibility in where and when they are delivered.
Interviewees discussed the potential for the digital approach to
increase convenience and flexibility for researchers and the
populations they are looking to reach. One of the researchers
noted that the convenience of accessing a digital intervention
is what an increasing number of generations is coming to expect
of any service they receive:

We have water, we have food, and we have cell
phones. Everyone is on their cell phones. Even the
older generations have a phone. So, I think that CIAS
is very convenient...I would like to see it a component
like telemedicine is now. Telemedicine has its own
phone number on the back of newer insurance cards

now...And I think that would definitely be rewarding
to a lot of people. Because I see a lot of Millennials,
and even the GenXers they’re gravitating towards
computer-based help. They're not jumping into their
cars, spending $3 for a gallon of gas to go to
somebody’s clinic. They're hopping online. [P10]

Evolving expectations about service delivery extended to the
clinical point of view. Another researcher explained their view
of how digital tools would likely support research and clinical
visits in the future:

I think [CIAS] is going to allow us to deliver
interventions at times that are more convenient for
participants. As everything goes more mobile and
more digital, being able to shoot a participant a link,
enroll them in a study, shoot them a link, let them
complete their follow up visits via that link, send me
a text when they’re done, shoot them an e-incentive.
I think that’s really going to change just delivering
behavioral interventions in clinic and around clinic
visits to delivering them, not when the client wants,
so you’re still on timed intervals, but when it’s most
convenient for the client. [P5]

However, researchers most often cited benefits for the recipients,
including more choice in how they interact with the content.
Recipients can complete intervention sessions wherever they
are most comfortable and during a time they deem most
appropriate while still staying within the allotted timeline of
the intervention. This increase in flexibility may heighten the
appeal of behavioral interventions to recipients, and researchers
speculated that this could help with engagement:
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I think a mobile intervention delivered on a computer
is less threatening, and on the surface seems easier
or more palatable to a research participant. “I don’t
have to go anywhere to do this, it can come to me at
a time that’s convenient to me”...The thought of
coming into the office to do psychotherapy sessions
is unappealing for many. But, looking at the
convenience of my home at a time that is convenient
for me, it may be more appealing. [P7]

Researchers were especially attuned to the needs of recipients
who experienced symptoms such as fatigue, which could affect
their engagement with an intervention. In these situations,
interviewees had the sense that delivering interventions remotely
via computers was helpful:

As far as it being remote, our participants, actually,
the ones that do follow through and do their things,
they love it because we’re measuring their level of
fatigue, so we aren’t bothering them with making
them come somewhere to have their visit completed.
They can do it when they feel ready, feel able so it
being remote is actually getting people to stay on, it’s
easier to get them to stay on because they don’t have
to go anywhere. [P11]

As we will discuss in following sections, the convenience of
recipients accessing interventions from their homes is also
important when addressing mental health and other sensitive
or stigmatized topics.

Implementing Evidence-Based Interventions With
Fidelity
Digital interventions also have the benefit of providing a
structure that can support the use of evidence-based strategies
with fidelity—that is, as intended or designed to ensure efficacy.
Many of the researchers we interviewed were experienced in
using MI and reflected on how and why they used digital
interventions in concert with this approach. Digital interventions
control the structure of how recipients experience the
intervention, and researchers also remarked on how easily they
could monitor the intervention and collect various kinds of data
as recipients engage with it:

It’s all programmed so there’s less issues with fidelity
and fidelity monitoring and so I guess that’s the piece
that changes CIAS, problem solving and/or
developing strategies to monitor and track
intervention fidelity. We still have to track delivery,
so we still have to figure out “did they get it? did they
complete it?” but we’re not dealing with a human
counselor who can kind of not follow the roadmap.
[P7]

The analogy of an intervention as a road map suggests that
systematic mapping of a digital intervention’s user experience
can serve to ossify the intervention and standardize how it is
delivered to recipients. This mapping is performed once when
the digital intervention is designed, and then researchers know
that it will be delivered consistently each time. Therefore,
interviewees indicated that improvements in fidelity could come

about not least by reducing reliance on humans, each of whom
must be trained to effectively deliver the intervention:

Home visitors were mostly...they’re not trained
clinicians...they don’t necessarily have the skills to
really implement a brief motivational intervention in
a way that it would be effective...so we sort of landed
on CIAS where it’s electronic and would be fully
implemented electronically so the home visitor
doesn't...have to learn how to do brief interventions.
[P15]

Others similarly described how they had used digital
interventions to overcome the variability inherent in training
humans to deliver interventions, such as MI:

Most of the literature says that no matter how well
you train people, that they don't deliver MI with high
fidelity to the components that are supposed to be
there at all. So, you spent all these hours and hours
training people, and they still don't do it the way it's
intended. So, of course, you know, having, and always
doing it the same way makes a huge difference. [P1]

In addition to reliance on humans to deliver interventions
consistently, researchers described challenges with training
against the natural tendency to provide advice. By contrast,
digital interventions were seen by interviewees as
nonjudgmentally enabling a recipient to reflect on their health
behaviors without the potential intrusion of another person’s
thoughts:

Our biggest challenge when teaching navigators...is
getting them to not move into the role of “here's how
to fix this and giving advice prematurely". And kind
of having their own agenda. So, I think the pieces that
can be done really well with CIAS are, you know,
non-judgmental opportunities for a person to kind of
look at their situation. [P9]

Interestingly, researchers saw an advantage in the fact that more
nuanced aspects of MI, such as empathy, cannot be easily
conveyed through a digital intervention. As recipients have
lower expectations for warmth and understanding than they do
of a human, a digital intervention may not need to meet many
requirements for an effective interaction:

You can get away with a lot more on a
computer-based intervention than you can with an
in-person intervention. So, for instance, the idea of
empathy and understanding, and warmth, and
avoiding advice-giving and stuff like that, there are
issues within person interaction. I don’t think a lot of
those are really problems with computer-based
interventions. So, a computer can say “hey, wake up,
go for a walk today” but if you told that to your
roommate or boyfriend, that would be obnoxious,
right? So, I wouldn’t say that thinking is different
about in-person than they are with online
interventions, but the capacity of the two to kind of
do the “dance” differently. [P6]

Other interviewees alluded to this dance between the
intervention and the recipient, describing how they balance the
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advantages and disadvantages of digital interventions to
implement evidence-based strategies. For example, when using
MI, there is a trade-off between the nuance a human is capable
of and the difficulty in achieving consistent delivery of the
intervention. Some researchers choose to sacrifice some of the
former to improve the latter with a digital intervention:

The role of the avatar in this [intervention]...I think
it isn’t as good as a really good MI therapist
delivering the intervention [using core principles like
affirmations, empathy, non-judgement, no premature
advice]. No, it’s not, but as someone who trains
people on a regular basis, you know the things that
CIAS can do and do consistently, are things that I
struggle to train caseworkers and patient navigators
to be able to do. And I think in that sense it’s a, it’s
a consistent step forward and an improvement...CIAS
just lets you sort of balance that out [any variation
in individual skill or technique] and make sure that
everybody’s getting some basic level of MI
consistently. [P9]

Therefore, one of the key reasons that our interviewees chose
to adopt digital interventions was to improve the fidelity of their
evidence-based interventions through consistent delivery,
monitoring, and avoidance of factors that are very difficult to
manage when training humans. On the other hand, the downside
of increasing structure and fidelity with digital interventions is
losing the human ability to pick up on cues from the recipient,
have more open-ended conversations, and adjust the intervention
in response.

The Way of the Future: Scaling Interventions and
Improving Access
Researchers were enthusiastic about the potential for scaling to
broader populations with digital interventions in the future. This
argument was typically framed from a population health
perspective, as a relatively small change in behavior can have
significant consequences if it can be achieved widely:

If you can reach more people and have a small
change, that’s important in shifting population
behavior. So, digital mobile health interventions are
the way of the future. [P7]

Similarly, researchers described the benefits to public health
efforts if apps could bring interventions to those who are most
difficult to reach:

I think it would be hugely impactful. I think a lot of
the issues, or a lot of the barriers that public health
faces as an industry is kind of getting people involved
and actual...a lot of the issues with public health is
low income and low resources for a lot of
communities, and providing something so easy to use
and so easy to get as an app, and allow public health
professionals to communicate with so many people
much easier and much, much more can make a world
of difference. Program building and eliminating
disease, and you know providing a more healthy
lifestyle for people and kind of guiding them through
that process. [P17]

One of the researchers further summarized the multilayered
social factors that have resulted in populations being neglected
and saw digital technologies as a way of addressing inequity:

There's this void within our community that a
population is being ignored. A population that could
find themselves in a mental health crisis. And they
may be wheelchair bound. They may not have
transportation. They may not have 24-7 care. So, a
lot of the day-to-day operations of their life are online
and on the phone. And it also fulfills a common item
in our life. [P10]

The level of access a person has to services can also change
significantly during a crisis in their personal life or their
environment. In such situations, digital interventions can be
more accessible and immediately available to provide tangible
help if a person cannot leave their home during a crisis, as
demonstrated by the global pandemic:

CIAS is catching up with the times and so to speak,
providing interventions that are needed that are
immediate. But in a convenient way. Like, for
example, right now CIAS is needed because we're
quarantined to our home [due to the COVID-19
pandemic]. Let's say for example, a person is on the
verge of a break. They're in an emergency mental
health crisis, they can't leave their home for whatever
reason that may be. So, they can access the phone,
get on the phone, and talk to somebody with real
information with real resources. [P10]

With the ease of providing people access to interventions
digitally, researchers highlighted the potential for scaling
interventions as well as tailoring them to different people’s
needs:

[Digital interventions are] really scalable, you can
tailor it in an infinite number of ways. [P6]

For example, recipients’ literacy may be a consideration, in
which case digital interventions could engage the recipients
through audiovisual interaction:

I think illiteracy is an issue for some of these folks.
So, I think having a survey they could participate in
where they didn’t have to worry about having to read
things was something [important to us]. [P9]

The ability to reach people in new ways expanded researchers’
thinking about new kinds of interventions. More than just
translating existing interventions into digital formats, they were
excited to think innovatively based on novel possibilities now
afforded to them:

[CIAS] definitely broadened my ideas—like what is
possible...like how many people could be reached by
this. I think that especially—I am from rural Alabama
and there’s no way that you’re ever going to hire like
a—even a social worker is a stretch—but to get
someone into a clinic setting who is trained and
qualified to do these [assessments] is a stretch. And,
you know, having an option to give someone a tablet
while they’re sitting there and they go through maybe
a very quick screener and then they’re eligible for
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something. Or they’re at risk for something and
you’re handing them something that’s interactive and
personalized and can give them feedback without
having to have another person on the other end, I
think is genius and could help a lot of people. [P16]

Some interviewees highlighted the potential for scaling access
to interventions as the key reason they chose to use digital
interventions:

And so, across all of those [potential benefits] for me
the selling point has been getting interventions to
more people more effectively. [P9]

However, we note that this potential remained largely
aspirational for many researchers in our study, an indication of
ongoing challenges with the development of digital
interventions.

Getting a Foot in the Door Despite Stigma and
Disenfranchisement
Access to health interventions is even more challenging when
targeting behaviors that are stigmatized or populations who may
not be comfortable seeking help. Disclosure of certain behaviors
or circumstances is a significant barrier to connecting an
individual with appropriate support. Several researchers
mentioned that digital interventions enabled them to broach the
taboo topic of substance use among pregnant and postpartum
women. Therefore, by facilitating disclosure of sensitive issues
such as substance use or domestic violence, digital interventions
may open the possibility of intervening:

Being able to deliver an intervention online...you can
send someone a link and they can go through a
program on their computer, that could potentially
really help them without having to disclose to a doctor
or social worker or research assistant. I think that
has massive implications for being able to get people
help that’s tailored to them. For substance use, I think
it will help a lot...it has the potential in any kind of
stigmatized, sensitive area, like in the doctor’s office
- a domestic violence screener. In any kind of
healthcare setting trying to screen for any type of
sensitive issue, I think it has a lot of potential to help
in those areas.[P13]

Notably, disclosure was brought up in the context of both clinic
and home visits. Researchers were cognizant of protecting
confidentiality, whether engaging someone in a public clinical
setting or via a visitor to their home. A digital intervention, even
if handed over to the recipient by a human, was seen as
potentially protective of their confidentiality:

We’re hopeful that home visiting clients will be able
to answer [sensitive] questions via an iPad, if you
take away the idea that somebody else is judging you.
[P2]

Researchers described intentionally deploying digital
interventions to convey to recipients the confidentiality of any
disclosures:

The client doesn’t have to disclose if they don’t want
to, and that’s a lot of the adapting that we’re doing

is around that - making the client understand that this
is confidential, that the home visitor doesn't need to
know what they’re putting into the program. [P15]

Barriers continue beyond screening and throughout the
intervention process. Even if a potential intervention recipient
can be identified (eg, through their disclosure) and linked to
appropriate resources, they must be ready to accept information
related to their health behavior. Therefore, the anonymity that
digital interventions can afford may be helpful to an intervention
itself getting a foot in the door, as one of the researchers
explained within the context of engaging pregnant or postpartum
individuals about their substance use:

These types of interventions, anonymous [and] in this
population, do have the potential to get information
and help to people who would not normally receive
it because they would be too afraid to ask for it. I
mean, just getting a foot in the door with these people
and being able to give them psycho-education or
resources at all, is a win and can really help people.
[P13]

Interviewees also described using digital interventions with
populations they would not have expected to reach in the past,
for example, because of racial disparities or the stigma against
seeking mental health services:

We’re tapping into areas that we would have never
thought of before. Like in terms of the disenfranchised
populations [including based on their race], people
who are afraid of being seen in the daylight entering
into a mental health clinic. By having a phone, by
having CIAS, we are getting them the help they need
and we're giving them privacy...I do think we provide
a comfort...I think our research becomes more and
more validated because we're showing how flexible
psychology and behavioral health can be. [P10]

Once an individual is engaged in an intervention, the relative
neutrality of an app may enable them to dig deeper into a topic,
less impeded by impression management in the presence of
another human. One of the researchers working on substance
use among new mothers was hopeful that switching to
anonymous engagement with a digital intervention would help
recipients feel more comfortable disclosing sensitive information
about their behavior:

The most important thing is that CIAS allows us to
have confidentiality and allows the mothers to go
through the interventions anonymously. It has
removed the barrier, because the intervention
before...the home visitor had to go down and take the
mother through it and they found that almost zero of
the mothers were truthful because they didn't like
talking to a person about this. So, having our little
parrot narrator [avatar] bring them through it will
hopefully lead to us getting accurate data for once.
[P13]

As this researcher explained the ability of digital interventions
to engage recipients differently, they also described the efficient
progression possible by asking about certain health behaviors
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to connect the recipient with appropriate resources in interactive
and tailored ways:

In an in-person setting in this kind of thing, you can
almost never get a straight answer if you ask
somebody like “We saw that you just had a baby.
Care to talk about your substance use while you were
pregnant?” Like no, no one’s going to say anything
about that, so you always have to come from a
perspective of...“in the month before you became
pregnant, what was your substance use like?” But in
an anonymous format, we can kind of work around
those proxy questions and get more to the meat of it,
like “how are you feeling about your substance use?”
“Do you want information on how you can change?”
and then if so, it immediately pops up, like here’s your
list of resources for your town. [A digital intervention]
definitely changes the way that you can ask questions.
[P13]

At the most basic level, interviewees acknowledged that
intervention recipients might not even be receptive to the
information provided by the intervention. In addition to
removing the human interventionist and providing more privacy,
digital interventions could address this issue by tailoring the
information, how it is delivered, and when it is delivered:

I think one thing that CIAS has shown me is that
people do appreciate the opportunity to learn
information in private. And being that we thought
they were absorbing or listening to what was being
delivered from a person, they actually aren't. Because
when you validate the information that they should
have got from a person, electronically you see that it
doesn’t line up. I think CIAS has given me a new
respect for being able to deliver information in a way
people will receive it...since we’re using MI, one thing
that's pretty cool is that it does assess how much a
person is willing to hear and it only gives them that
and people tend to be interested in following up
because they weren’t pressured into hearing
something they didn’t want to hear and the time they
didn’t want to hear it. [P5]

Some interviewees reported that digital interventions had shown
marked improvement in the experiences of both researchers and
intervention recipients:

We really have found CIAS to be preferable to the
alternatives of both live person interview and
certainly compared to survey questions without having
the avatar. It just keeps people’s attention and tends
to, in my experience, you know, continue to engage
them in a way that they’re hopefully answering the
questions more validly. [P9]

Such reports suggest that researchers have succeeded in getting
their foot in the door with digital interventions, potentially even
being better positioned to facilitate behavior change compared
with other types of delivery. However, the use of digital
interventions is still new, and research on their impact is limited.

Discussion

Principal Findings
We sought to better understand the reasons why some
researchers who study topics related to behavioral health use
digital interventions for lifestyle and behavior change
interventions. The benefits of digital interventions that we
identified among interviewees were 4-fold and included factors
such as increased convenience and flexibility, fidelity to
protocols, potential scalability and increased access to
interventions, and the ability to reach individuals who may
otherwise be unwilling to engage on matters of a sensitive
nature.

Increased Convenience and Flexibility
Interviewees consistently noted that digital interventions
increased convenience and flexibility for both researchers and
intervention recipients. For researchers, digital interventions
are set up in advance before study recruitment, and they typically
run automatically without much staff involvement and oversight.
For intervention recipients, depending on how digital
interventions are delivered, there is potential to engage at a time
and place that is convenient. Especially for sensitive issues,
intervention recipients may not wish to engage in public settings
and with research or clinic staff with whom they are unfamiliar.

Implementing Evidence-Based Interventions With
Fidelity

Overview
The second theme that emerged from our interviews was the
notion of fidelity to intervention protocols, both in terms of
content and protocol fidelity. The algorithmic and automated
nature of digital interventions can facilitate the delivery of
content that is on schedule and consistently delivered in the
same manner across intervention recipients. This protocol-based
fidelity is more difficult with human interventionists.

Content Fidelity
Digital health interventions have the potential to ensure that
content is delivered in the same way to all users, that is, in a
nonjudgmental manner, which has been previously noted as a
concern [23]. By digitally delivering content, we may be able
to reduce social desirability bias. Moreover, automated
interventions can finely tailor messages on a granular level in
a way that is difficult for human interventionists.

Protocol Fidelity
The use of digital interventions can be tracked objectively and
in detail. For example, log files and time stamps can verify when
content is sent and when intervention recipients are engaged
with the intervention. We can also objectively monitor measures
of engagement, such as the number of times the content is
accessed and the time spent engaging with content. Digital
interventions allow information to be presented to recipients in
a systematic way, which can allow for easier replication across
various studies and with different populations, which could
have a positive impact on the validity of a research study. This
consistency can greatly benefit interventions that are based on
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validated therapeutic techniques, such as MI, by standardizing
its delivery across all recipients.

Fidelity Is Not Guaranteed
However, it should be noted that the benefits of content and
protocol fidelity may not always be realized. Experienced
researchers know that new threats to fidelity that are otherwise
absent from face-to-face interventions exist in a digital world.
Digital interventions often cannot guarantee that automated
digital content is received by the correct person or that users
engage with the content in the intended manner. Although
technical logs can tell us that messages were sent and the amount
of time spent within interfaces or on specific pages, researchers
cannot guarantee that content was received or read, that the
content reached the correct users, or that users attended to the
content. Technical issues can also reduce the actual exposure
to intervention content. Researchers new to digital interventions
may not understand that routine and robust monitoring of the
back end system status is an important requirement of digital
interventions. Waiting on intervention recipients to report that
an intervention is not properly working can lead to missed data
collection and poor intervention fidelity. Being prepared to
respond to system failures in a prompt fashion can reduce these
potential issues. In their review of digital interventions adapting
MI, Shingleton and Palfai [24] found that fidelity measures
were often not reported in the literature.

Scaling Interventions and Improving Access
The third theme that emerged from our interviews was the
unique potential of digital interventions to scale up and improve
access to recipients. Regarding scalability, although initial costs
are not insignificant for digital interventions, there is evidence
that they can be cost-effective once developed [25]. However,
robust data on digital interventions and cost-effectiveness are
lacking [4,26-29]. From a research perspective, despite the high
initial costs, digital interventions may reduce the need for costly
human interventionists in research, which shifts human capital
needs to technology development needs and may affect how
money in research budgets is allocated. This increased potential
for scalability means that population-based interventions are
within better reach, and even small improvements in individual
health outcomes can make big population-level improvements.

Issues related to access were especially important to the
interviewees in this study. As noted earlier, digital interventions
are potentially available at any time and any place. Moreover,
as smartphone adoption is so ubiquitous, mobile interventions,
or web-based interventions optimized for mobile devices, have
the potential to reach even greater numbers than more traditional
desktop-oriented programs. Although digital divide issues still
persist as individuals with a lower socioeconomic status lag
behind in terms of smartphone adoption, these populations with
lower socioeconomic status tend to have better access to the
internet via mobile phones than through computers and
broadband in the home [30], which makes digital health
interventions more important for reaching these populations.
Digital interventions also have the potential to reach groups of
people who may be hard to reach, such as those with physical
disabilities, insufficient transportation, or significant time
constraints. The nature of digital interventions may also increase

the potential to reach small, distributed groups of people who
may have unique needs that could be too costly to support in
person, such as individuals with rare diseases.

Beyond the potential to reach a greater number of people, digital
interventions also have the potential to reach users in moments
where they may be most efficacious [31]. For example,
just-in-time adaptive interventions provide interventions at times
where they may be most useful and at escalating doses that may
lead to better outcomes [32]. Although most research in this
area has been conducted with smoking cessation and physical
activity and weight management interventions, just-in-time
adaptive interventions have been previously used to intervene
in sensitive behaviors such as risky substance use among
adolescents and emerging adults [33]. Screening, Brief
Intervention, and Referral to Treatment (SBIRT) interventions
have also been used to intervene with intervention recipients at
times when they may be available and receptive to interventions,
such as before clinical encounters with primary care physicians
or immediately following training sessions, and have been
focused on topics such as substance use, intimate partner
violence, and mental health [34]. These increases in convenience
and flexibility for intervention recipients may yield downstream
benefits to researchers and potentially translate to increased
intervention engagement and completion, which may also yield
positive improvements in health outcomes.

Getting a Foot in the Door Despite Stigma and
Disenfranchisement
Findings from this study revealed that one perceived benefit of
digital interventions for mental health and other stigmatized
areas and behaviors is the opportunity to reach people
concerning delicate topics when they are ready for and receptive
to engaging in them. The anonymity provided by digital
interventions may allow recipients to feel more comfortable
disclosing sensitive information and engaging with related
content. This may also afford users greater opportunities to
delve into topics that they find more difficult to talk about. It
is possible that this might lead to a greater level of honesty that
could contribute to more successful intervention outcomes.
Indeed, prior work has shown that self-reporting through digital
formats can promote greater self-disclosure of undesirable
behaviors and sensitive issues [8].

Future Directions
Given the range of potential advantages our interviewees
described and the optimism and early gains they expressed,
research is needed to understand the impact of delivering
interventions digitally. For example, research should investigate
the user experience from each stakeholder’s point of view,
identify potential unintended consequences, compare various
digital and nondigital modalities for delivering interventions,
and understand the disadvantages of digital delivery and how
they can be addressed through careful intervention design and
implementation. As mentioned in previous sections, research
is needed to better understand the ways in which human-human
interaction differs from human-computer interaction in terms
of key factors such as perceived empathy, understanding, and
friendliness.
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Limitations
This study had several limitations that must be highlighted. This
study was conducted as part of the redesign activities for CIAS,
and therefore, it does not represent all researchers who use
digital interventions for behavioral health. Moreover, our small
sample size may have affected generalizability. As our
convenience sample of researchers comprised CIAS users and
those familiar with our redesign efforts, they may have felt
compelled to aid our study activities, which could have
introduced both selection bias and response bias. Finally, our
focus on CIAS users meant that we only spoke to those
individuals who were responsible for creating and managing
digital interventions. Although many of our interviewees have
conducted qualitative work with their own recipients to
understand their perspectives, we did not speak directly with

recipients of digital interventions. Our findings are limited to
the perceptions of digital intervention creators and study teams.

Conclusions
Digital interventions are seen by interventionists as having many
benefits for both interventionists and recipients, such as greater
flexibility in how, where, and when an intervention is delivered;
potentially improving the fidelity of and access to interventions;
and overcoming challenges of reaching populations despite
stigma and disenfranchisement. More research is needed to
measure the actual benefits of digital interventions and better
understand whether they align with researcher expectations and
hopes. A comparison of perceived and actual benefits may also
inform better support for creating digital behavioral interventions
that more effectively meet their potential.
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Abstract

Background: Digital behavioral interventions have become increasingly popular for their ability to support patient diagnosis
and treatment, chronic disease self-management, behavior change, and adherence to recommended care. However, digital
intervention development is impeded by challenges such as limited technical skills, limited access to developers, and cost. The
purpose of this study is to elicit in-depth qualitative feedback from intervention developers who have interest in digital behavioral
interventions but lack programming skills regarding the barriers they experience and key considerations in the design and
implementation of digital interventions.

Objective: This study aims to understand barriers in the design and implementation of digital behavioral interventions, as well
as to identify key considerations for researchers who are developing these interventions.

Methods: We conducted semistructured qualitative interviews with 18 researchers who had experience either designing (but
not coding) digital behavioral interventions or running research studies with them. Participants were a convenience sample of
users of the Computerized Intervention Authoring System platform, an existing no-code development platform for building digital
intervention content, and were recruited through either direct email solicitation or snowball sampling. All interviews were
conducted and recorded over videoconference between February and April 2020. Recordings from interviews were transcribed
and thematically analyzed by multiple coders.

Results: Interviews were completed with 18 participants and lasted between 24 and 65 (mean 46.9, SD 11.3) minutes. Interviewees
were predominantly female (17/18, 94%) and represented different job roles, ranging from researcher to project/study staff. Three
key barriers in the development of digital behavior interventions were identified during interviews: lack of cross-disciplinary
understanding; variability in recipients’ technology access, infrastructure, and literacy; and the idea that evidence-based in-person
interactions do not translate directly to digital interactions. Interviewees identified several key considerations that interventionists
learned to prioritize, which have the potential to overcome these barriers and lead to successful interventions.

Conclusions: Barriers in the development of digital behavioral interventions are often created by a lack of cross-disciplinary
understanding, which can lead to difficulties conceptualizing interventions, unrealistic expectations in terms of cost, and confusion
about the development process. Moreover, concerns about research study participant characteristics and access to technology, as
well as the translation of in-person interventions to digital, are apparent. Appropriate training in how to work with software
development teams may help future digital behavior intervention creators overcome these barriers and may lead to new, exciting
innovations in this space.

(J Med Internet Res 2022;24(3):e34301)   doi:10.2196/34301
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Introduction

Background
Digital behavioral interventions have become increasingly
popular for their ability to support patient diagnosis and
treatment, chronic disease self-management, behavior change
and adherence to recommended care, and primary prevention
[1]. They have demonstrated broad promise in terms of efficacy
[2-8], but evidence for specific use cases tends to be mixed
[9-11], with engagement and retention being particular
challenges [9,12-14], as well as low-quality evidence [10,15,16].

There is tremendous room for innovation in this area. However,
developing digital interventions is often out of reach for many
research teams because of the challenges of developing
relationships with software developers, the costs of custom
software development, and the need for technical expertise, all
of which serve as barriers to entry in this field. Critically,
researchers need pilot data to access grant funding large enough
to develop these types of interventions but may not be able to
collect pilot data without at least a working prototype. Moreover,
the constant need to update and adapt custom tools for other
purposes means that research teams are constantly in the process
of reinventing the wheel with each new intervention. Finally,
most digital interventions are built using a particular technology
stack by a particular group of developers, such that sharing or
building on existing interventions is a significant challenge,
even with the few apps that make their source code openly
available.

No-code platforms, also known as authoring tools, may offer a
solution to these challenges. Part of what has been called the
no-code revolution, these platforms are designed to allow citizen
developers [17] to build apps using simple graphical user
interfaces. By providing templates and other structured
step-by-step processes for building custom interventions, these
platforms enable the creation of technology-delivered
interventions without the need for computer programming or
technical knowledge. For example, an increasing number of
services now enable anyone to create their own website,
including relatively complex functions such as e-commerce,
responsive web design, and analytics. No-code platforms could
similarly make the development of digital interventions faster,
more accessible, and easier to edit and share by providing a
framework within which researchers can build or tailor an
intervention. A successful platform could be to the creation of
digital behavioral interventions what Microsoft PowerPoint is
to the creation of slides for a presentation: a tool facilitating an
explosion of content generation.

In contrast, as with Microsoft PowerPoint, democratization of
software development does not solve all challenges in the
creation, testing, and implementation of digital behavioral
interventions [17]. In this study, we sought to explore these
challenges, grounded in the experiences of researchers who
have played a range of roles with digital interventions. The

purpose of this 2-part qualitative investigation is to better
understand the motivations, needs, constraints, and experiences
of researchers who have looked to digital interventions in their
work addressing behavioral health.

Objectives
In this paper (part 2), we seek to document common barriers
reported by intervention developers, as well as key
considerations, in the design and implementation of digital
interventions. In a companion paper (part 1), we seek to
document reasons why researchers who study behavioral health
focus their efforts on digital interventions, as well as their
perspectives on the perceived benefits that digital approaches
afford researchers and their intervention recipients [18].

Methods

Overview and Ethics Approval
This study was conducted as part of a redesign of the
Computerized Intervention Authoring System (CIAS) platform,
a web-based digital behavioral intervention authoring tool for
researchers. This study included previous and current CIAS
users as well as CIAS-naïve users, all of whom had experience
developing behavioral health interventions. We conducted
semistructured interviews with these intervention creators to
better understand their needs, perceived barriers to designing
and implementing digital interventions, and design
considerations for behavioral intervention development. COREQ
(Consolidated Criteria for Reporting Qualitative Studies)
guidelines were followed [19]. All methods used in this study
were approved by the University of Michigan Human Subjects
Review Board (HUM00171197) and Wayne State University
(IRB-19-10-1340).

CIAS Platform
CIAS is a Health Insurance Portability and Accountability
Act–compliant no-code web app designed to allow users to
easily build, edit, and share web-based interventions without
coding or other technical expertise of any kind. CIAS gives
interventionists the ability to develop tailored and personalized
text-based interventions that can be narrated by an animated
and emotive character capable of multiple different actions and
voices (supporting >40 different languages, with male and
female versions of most and a range of accents or dialects for
some of the more commonly spoken languages). CIAS supports
intervention building features such as multiple question types,
natural language reflections, branching and tailoring, and
integration of video content. Further details on CIAS can be
found in the part 1 companion paper [18]. With support from
the National Institutes of Health (EB028990), an all-new version
of CIAS (3.0) is currently being developed as an open-source
and noncommercial research resource. This research was
conducted as part of the CIAS 3.0 redesign activities.
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Participant Recruitment
Participants were recruited via email solicitation from a
convenience sample of CIAS users and researchers who have
expressed interest in using CIAS, via snowball sampling, or via
an email to a listserv of University of Michigan Department of
Family Medicine staff members familiar with conducting digital
interventions. To be eligible to participate, users were required
to be aged at least 18 years.

Study Procedures and Data Collection
All interviews were conducted in single sessions via
teleconference between February and April 2020 by 2 trained
research staff (BMB and ANS). Participants did not have prior
experience with the interviewers, nor did they have access to
interview guides prior but knew that they would be participating
in redesign efforts. All participants provided verbal consent,
and all interviews were recorded for later transcription.
Interviewers also took field notes, which were available for later
analysis. Interviews were conducted until saturation was
reached. Transcripts were not returned to participants for review,
nor were participants asked to provide feedback regarding the
findings. All participants were offered US $20 for their
participation, which was delivered in the form of a check via
US mail.

Analysis
To analyze the data, the 2 study team members (BMB and ANS)
debriefed after each interview. During this debrief, individual
notes were compared, which were gradually synthesized across
interviews. Interview transcripts underwent 2 rounds of
inductive thematic analysis, which was conducted by 2 coders
(BMB and ANS); the first focused on identifying patterns, which
later became themes, and then a second validated themes and
confirmed connections between them.

Results

Overview
We invited 24 current and former CIAS users to participate,
and 17 agreed (17/24, 71% response rate). In addition, we
recruited 1 additional CIAS-naïve user who was familiar with
digital health interventions from the University of Michigan
Department of Family Medicine. For our 18 interviews, the
average duration was between 24 and 65 (mean 46.9, SD 11.3)
minutes. Participants were predominantly female (17/18, 94%)
and represented different job roles ranging from researcher to
project or study staff. Table 1 presents the aggregate interviewee
characteristics, and Table 2 presents the brief descriptions of
each interviewee.
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Table 1. Aggregate interviewee characteristics (N=18).

Values, n (%)Characteristics

Gender

1 (6)Male

17 (94)Female

Job title (all that apply)

13 (72)Researcher

4 (22)Psychologist

5 (28)Other (project manager or coordinator and research assistant or associate)

Employer

15 (83)Academic institution

1 (6)Foundation

1 (6)Contract research organization

1 (6)Other (nonprofit research organization)

Race

4 (22)African American or Black

13 (72)White

1 (6)Prefer not to answer

Ethnicity

2 (11)Hispanic or Latino

16 (89)Non-Hispanic or Non-Latino

Education

6 (33)Bachelor’s

4 (22)Master’s

8 (44)Beyond a master's degree

Self-reported proficiency with CIASa (n=17)

3 (18)Novice

4 (24)Proficient

7 (41)Advanced

3 (18)Expert

aCIAS: Computerized Intervention Authoring System.
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Table 2. Individual interviewee descriptions.

GenderHighest level of education obtainedEmployer typeSelf-reported titleID

FemaleBeyond a master’s degreeAcademic institutionResearcher; psychologistP1

FemaleMaster’s degreeFoundationResearcherP2

FemaleBachelor’s degreeAcademic institutionProject managerP3

FemaleBeyond a master’s degreeAcademic institutionPsychologistP4

FemaleMaster’s degreeAcademic institutionProject managerP5

MaleBeyond a master’s degreeAcademic institutionResearcherP6

FemaleBeyond a master’s degreeAcademic institutionResearcherP7

FemaleBeyond a master’s degreeAcademic institutionResearcher; psychologistP8

FemaleBeyond a master’s degreeAcademic institutionResearcher; psychologistP9

FemaleBachelor’s degreeAcademic institutionResearcherP10

FemaleBachelor’s degreeAcademic institutionResearcherP11

FemaleBachelor’s degreeAcademic institutionResearch assistantP12

FemaleMaster’s degreeContract research organizationResearcherP13

FemaleMaster’s degreeAcademic institutionResearcher; research project coordinatorP14

FemaleBeyond a master’s degreeNonprofit research organizationResearcherP15

FemaleBachelor’s degreeAcademic institutionResearch associateP16

FemaleBachelor’s degreeAcademic institutionResearcherP17

FemaleBeyond a master’s degreeAcademic institutionResearcherP18

Barriers in Designing and Implementing Digital
Behavioral Interventions
Interviews revealed three primary barriers: lack of
cross-disciplinary understanding; variability in recipients’
technology access, infrastructure, and literacy; and
evidence-based in-person interactions do not translate directly
to digital interactions.

Barrier 1: Lack of Cross-disciplinary Understanding
The first barrier commonly described by interviewees was the
technical knowledge and resources required to use digital
behavioral interventions. For some, this was the primary barrier:
“I think the biggest barrier for many researchers is the actual
building of the software itself, or how the intervention will be
delivered” (P7). Building even a simple digital intervention
requires the appropriate technical expertise and project
management skills. Consequently, a significant amount of effort
must often come from software developers who are outside the
clinical research team, which increases the cost. The resources
required were described by our interviewees as prohibitive, as
well as difficult to anticipate:

The cost of actually developing an app is, I think,
prohibitive for a lot of researchers....I think it depends
also on your resources and the amount of time you
have, you know, we have a small pilot grant from
NIH, so we don’t have a lot of resources and we don’t
have a lot of time and I think, I mean, I certainly
didn’t know going in...it just seems like everything,
every piece of this, takes longer than we anticipated
and the programming is a lot more intricate. [P15]

The bounds of a clinical team’s technical knowledge may limit
their ability to not only implement their ideas through
technology but also to even envision what possibilities are
available to them:

I think it’s just a lack of knowledge around
technology. Like, what options are available. I think
that the go-to thought process when people think
digital interventions is telehealth...but there’s a lot
more to that. So, I think just knowing that there are
other options is a barrier. A lot of people are limited
in that. But then once they realize that there are other
options...it’s accessibility to these things. Like, what
is out there? How much does it cost? How do I do it?
You know, a lot of the people designing these
interventions aren’t…they don’t have a background
in technology. [P16]

Conversely, those with technical knowledge who develop tools
are often limited in their understanding of how interventions
should be delivered. Interviewees discussed the challenges of
using digital interventions that had been created without input
from clinical experts:

The people who are developing these interventions
are not people who deliver them. So that’s a problem,
I think, because sometimes it’s really hard to envision
what should it really look like in the development
stage when you’re not the kind of person who would
be sitting across the table from someone, right? So
like, you can’t figure out what the gap is because how
would you know? Because you’ve never been sitting
across the table from someone. [P1]
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As a result, interviewees found that existing software programs
had significant limitations in how they could be used for
developing and delivering interventions. For example, they did
not allow the interviewee to edit and control important aspects
of an intervention: “I think the lack of editability of the program,
I think that’s the biggest thing that’s frustrating for me” (P12).
Interviewees therefore indicated the need to truly combine
knowledge of behavioral interventions with knowledge of
technology that can deliver them. However, those who had
worked closely with software developers noted the challenges
inherent in this cross-disciplinary work:

That can be a barrier because oftentimes there’s
disciplinary differences that challenge that
experience, you know, speaking different language,
computer programmers not quite “getting”
behavioral intervention and the needs of the
behavioral interventionist. [P7]

This interviewee also went on to explain that the level of
investment in technology involves trade-offs that are commonly
discussed and debated among researchers:

Particularly when we’re at conferences and seeing
the work of other people, is that process of working
with software engineers and developing software from
the ground up is not a short process...I’ve seen
animated programs that are really fun and interactive
and interesting, but they also took 2 years to
build...So, we’ve kind of talked about that trade-off
before. Then you think about the fact that most people
stop using an app or web-based type of a program,
typically in a short period of time. You’ve got that
huge investment in that fancy intervention software
and then people are using it for a short period of time
and never looking at it again, and that’s a huge
investment of resources for what could be a limited
return and an unknown efficacy. [P7]

The level of resources required to develop a digital intervention
is a large investment and one that comes with some risk.
Therefore, setting realistic expectations for timeline, cost,
capabilities, and the return on investment is necessary before
turning to digital interventions. One interviewee explained how
they share their past experience to help other researchers adjust
their expectations:

So, if they say “oh, we want a long course [for the
intervention], we have multiple interventions, we have
$5,000” something like that. I will just tell them that
$5,000 is not enough, we need a lot more than that,
however, no matter what you have, you can usually
get something, but it may not be what you want. So,
it’s $5,000—it’s going to be crude messaging, it’s
going to be texts, it’s going to be tailored audio
tracks, or mailed—simple feedback. You could do
that, but you’re not going to do anything fancy with
video, or anything like that, for a couple thousand
dollars. I guess that’s the last thing, that’s helping
people to budget what kind of money they have, what
kind of expectations are. [P6]

Planning and budgeting an intervention with realistic
expectations can also help interventionists to think through how
presentation of the content will affect intervention efficacy.
Some interviewees shared their concern that the look of the
digital intervention is linked to its credibility and perceived
value: “Better optics might make participants take it more
seriously” (P12). Interviewees therefore felt that investing in
the aesthetics of the intervention could even impact engagement
and efficacy.

Finally, we note that interviewees mentioned a set of technical
barriers after the software development had been largely
completed. As interventionists finalized, pilot-tested, and
prepared an intervention for recipients, adjustments and edits
still needed to be done within the code. For example, changing
the terminology used on a button may seem straightforward;
however, because the label on the button is hard coded into its
functionality, the interventionists will not be able to change it
themselves. The process of communicating every single change,
large or small, and waiting for all of them to be completed can
significantly extend project timelines. One interviewee described
this extensive process and how experiencing it changed the way
they would approach writing grants by accounting for each step
in the process:

The communication [with the software development
company] and the ability to sort of get something
corrected just adds time to it relative to things that
we could otherwise have done in-house....We would
submit what we needed. They came back with things
they could do easily, things that would take more time,
things that would cost more money. And so that was
probably several months of just sort of figuring out
what was going to be feasible given the limitations
of grant funding. And then probably another couple
of months of back and forth finalizing items and then
the student pilot tested with a couple of participants
and worked out a few more glitches before we
launched...But that whole process, you know again
not having really done that with another
company...just made me appreciate kind of, if I had
to write another grant with that company how I might
do it. [P9]

Digital behavioral interventions require significant knowledge
from multiple disciplines, which naturally raises costs and
increases the complexity of project communication and
timelines. Through experience with digital interventions,
interventionists get better at envisioning what they can do with
technology, having appropriate expectations for a software
development project, and managing costs.

Barrier 2: Variability in Recipients’ Technology Access,
Infrastructure, and Literacy
Technical barriers from the recipients’ side include access to
technologies such as mobile devices or Wi-Fi, literacy with
these technologies, and the availability and cost of local
infrastructure such as internet connection and data plans. These
factors are often underestimated when digital interventions are
being designed and planned and also lead to greater resources
that need to be contributed by interventionists, such as supplying
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Wi-Fi, data plans, or additional technical support. In addition,
as operating systems (eg, Android [Google] and iOS [Apple
Inc]) are updated over time, digital interventions may require
recipients to install these updates on devices to ensure their
continued operation.

Interviewees referenced the digital divide, the significant
disparity between those who have access to technology and
have fluency with technology and those who do not. Most
commonly, interviewees mentioned mobile devices such as
tablets (eg, iPads) and smartphones, as these are the primary
technologies currently used for delivering behavioral
interventions:

Not everybody has a computer. Not everybody has
an iPad at home. Most—a lot of people do have
smartphones, but even then, like it doesn’t mean that
they’re going to be able to access the information or
they’re willing to access the information. [P2]

In order for technology to effectively facilitate a behavioral
intervention, recipients must have not only access to the right
device but also the appropriate technology literacy to operate
and troubleshoot the device. Interviewees experienced the digital
divide between themselves and the people they were trying to
reach, acknowledging that the decision to use a digital
intervention was a much easier one based on their own
considerations compared with those for recipients:

For us, it was an easy idea for us to, you know, be
like “yea, we’ll do it on an iPad! No big deal.” But
then, in talking to the mothers that we’re potentially
going to be using this behavioral intervention with,
we quickly realized that a lot of these participants
have probably never held an iPad in their hands
before and that kind of totally changed the way we
need to develop our intervention to where it’s, not
only are you creating your intervention, but you have
to create the instructions and infrastructure in place
so that they can even experience the intervention in
the way that you think it’s going to go. [P13]

In ensuring the right experience for intervention recipients, this
interviewee alluded to the instructions needing to match their
technology literacy, a consideration very similar to health
literacy. With regard to infrastructure, this can include the type
of internet connection accessible to a recipient in their
neighborhood, as well as the data plan they have on their phones:

With our population...I know everyone has a phone
but a lot of [the] women use prepaid phones with
minutes. And they have...a limit on how much data
they can use. [P16]

Often, the varied technological constraints can be
underestimated and may not be considered when digital
interventions are chosen, designed, and initially implemented:

The extent of it came up organically, like just how
much we kind of took for granted when it came to
technological literacy with these [participants]. I
think we didn’t realize that we would have to, in some
cases, provide our own Wi-Fi, and that we can’t just
ask these [participants] for an email address to get

their feedback report, so things like that came up
organically, the whole idea that we needed to know
where these people were at with technology. [P13]

Interventionists also did not always consider compatibility issues
based on which versions of hardware or software recipients
were used. For example, an older tablet may cause more issues
or not be able to run the intervention. As operating systems
evolve with updates regularly released, users must download
and install these updates on their devices; otherwise, the
intervention may no longer run. When an intervention stops
running as expected, the cause is not always obvious to the user,
and they may need help troubleshooting. Although these
challenges are par for the course with any software project,
interventionists may not be prepared for them:

All of a sudden, we’re dealing with hot spots, and
intermittent access, and old computers, and updates.
The versions, what we do now, Android will update
a version and all of a sudden it will break, it won’t
work. So, our people in the field were like, “oh, it’s
not working, people are sitting around, the clients
are getting frustrated,” and your tech people will say
“we don’t know what’s happening, it works fine on
our—,” you know. Computers are way more difficult,
so those are some of the reasons people don’t do it
is because they don’t know how. [P6]

Interviewees had learned how much extra work was required
from their research team when technical challenges arose for
the recipients:

For this new clinical trial, when they’re going to be
doing it by themselves, like it’s already hard enough
to get people to enroll in these studies and then for it
to not work properly. And then I’m, they’re going to
reach out to me, my project manager, like, “well, this
is not working.” And then it makes more work for
them, okay, go take a screenshot of this point where
it didn’t work and then email it to me. It’s like, oh it’s
a whole production. [P12]

Interviewees were therefore concerned about the effects on both
the recipients and research staff. Moreover, technical difficulties
with a digital intervention could stand in the way of effective
behavior change, jeopardizing impact on the recipients, as well
as the course of research:

I’m a little bit concerned about potential technical
difficulties that they might experience that might lead
to the intervention not being completed, which would
then limit our ability to test the efficacy of the
intervention. [P7]

Designing an intervention that meaningfully engages a recipient
in the process of behavior change is challenging enough on its
own, but a digital intervention adds multiple levels of technical
considerations.

Barrier 3: Evidence-Based In-Person Interactions Do
Not Translate Directly to Digital Interactions
The final barrier we found concerns the shift interventionists
had to make from designing an in-person intervention to
designing a digital intervention. Interventionists look to
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technology for many perceived advantages [18]; however,
interviewees pointed to the difficulty of adapting
person-delivered interventions to digital forms. For example,
despite the capability to program a digital narrator in CIAS so
that it can adjust content in reaction to input from the user,
interventionists still missed the richness of other cues they were
used to relying on during in-person interactions:

Trying to translate the patient-provider interaction
and the types of feedback and information that goes
into that—how can you program that? [The digital
narrator] is pretty much 100% scripted, he doesn’t
really do a lot of responding to cues. [P7]

The CIAS platform allows interventions to be delivered through
a digital narrator whose voice reads out the intervention text
and whose physical form appears in the interface as a human
or animal. In this physical form, the digital narrator can be
animated for a range of actions, such as talking, smiling, reading,
waving, and pointing to items within the interface. The narrator
can also ask recipients for their preferences, reactions, and
thoughts at any point and can provide verbal reflections of that
input (eg, “It sounds like this has been pretty hard for you”) and
branch to different areas of content based on that input.
However, interventions built using the CIAS platform cannot
read facial expressions or body language and cannot interpret
unscripted input from recipients, leading to challenges in
forecasting or collecting a range of likely reactions or
preferences so they can be included in the intervention:

I think part of the challenge that we’ve had is we’re
often trying to take what we would do in a face-to-face
and think about how that would translate to a
computerized delivery, which there’s obviously going
to be elements of that that are lost with the computer
delivery. [The narrator] can squawk and flap his
wings and make cute expressions, but he can’t really
interpret the non-verbal patient sitting across from
him so to speak...When you’re in the face-to-face
setting, you obviously can use non-verbal and other
types of communication to inform your thinking:
looking at patients’ records, looking at other sources
of information, downloading meters, and other things
that can be conversation start points that [the
narrator], he can’t necessarily do. [P7]

Although digital interventions built with CIAS allow for
personalization, tailored feedback, and empathic reflections,
the need for a priori entry of possible preferences and reactions
is a departure from the flexibility and improvisation that is
possible with person-delivered interventions:

I guess the biggest problem that I would say is that,
you know, you’re just in a forced choice kind of
framework...So like, for example...if I were to ask you
“hey, what do you think would...what would help you
supervise your kid every day?” So, let’s say you...rate
yourself as motivated but low on self-efficacy...so, if
I’m sitting across the table from you, I can just say
to you, “well, what are some things you’ve tried?”
or “what do you think would work?” and we can have
an open-ended conversation. Whereas in the program,

as the developer, I have to presuppose what your
likely barriers are, and put them in there, so you can
click some boxes. [P1]

Interventionists, therefore, experienced greater difficulty when
they approached the design of a digital intervention in the same
way as a traditional human-to-human intervention. Some
described the need instead for computational thinking or
thinking of an intervention based on the characteristics and
advantages of computers, such as logic and chunking:

But the difficult thing is to bridge that gap between
what can be done in person versus what can be done
online. What helps me is to think through sort of
logical rules or how would you chunk things. And
there are an infinite number of possibilities of what
could happen in an in-person interaction. [P6]

However, as interventionists drew on behavioral theory and
approaches, such as motivational interviewing (MI) [20], their
expertise in applying them was primarily via human interaction,
making it difficult to envision a different type of intervention.
For example, interviewees pointed out that the ability to
incorporate recipient responses into the course of the
intervention was a key component of MI:

The most challenging thing is taking the human part
out and trying to put that into mobile platforms...so,
for example, like I said with MI, branching out the
reflections and making it so that you could take
someone’s motivation and put it on a scale...that was
challenging versus asking someone “hey, can I know
more about this?”...I think that’s a
challenge...because as a human being, you could just
adapt to [their response]. [P5]

The loss of nuanced reactions they were used to observing in
person also meant fewer opportunities for gathering rich
qualitative data:

I think, with the regular behavioral interventions that
I work on it’s a lot more communication with
participants and like face-to-face interaction which
is kind of nice because you’re getting in like real-time
reactions and kind of some good qualitative data. But
I guess with [the digital intervention] they’re doing
on their own you’re not kind of seeing their reaction
to the actual intervention. [P3]

Human contact is, of course, not easily replicated with
technology, which some interviewees saw as a significant loss:

So, the biggest thing that I would consider is, a lot of
participants that I’ve seen in the past, the number one
thing that they get out of being involved in research
is that they get to talk to somebody, they get that
communication, they get that personal connection.
So, like if there’s a chance that they’re going to—in
their eyes—lose that, just the way that you approach
how you’re going to transition it. Like, we’re not
going to be losing contact, we’re going to still be in
contact, and how you’re going to be in contact.
Because a lot of people that we deal with, they have
severe depression and anxiety and so they participate
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in these things obviously to try and you know, reduce
those symptoms. But also, because they don’t have
anybody at home so they like seeing somebody in
person. [P11]

This interviewee highlighted the potential benefits to
intervention recipients, especially when working with sensitive
topics and vulnerable populations, as a key consideration when
choosing a digital intervention. Combining digital intervention
with strategically positioned human touchpoints may also be
an effective way to maintain such benefits for recipients.

However, integrating digital interventions smoothly into the
experience and constraints of a recipient or an interventionist
may benefit from new approaches. When designing a digital
intervention, we found that interviewees often work to translate
traditional interventions directly, maintaining a very similar
model or approach that they had previously used in person. For
example, one intervention relied on an avatar, whose role was
viewed similarly to that of a human counselor helping the
recipient to navigate the steps of the intervention:

We have a little [avatar of a] woman that walks you
through the whole process. She kind of acts as the
counselor for the participant and talks them through
everything, and we build scripts for her. Kind of, build
like, questions and answers and get to know the
participant through CIAS. [P12]

This interviewee discussed the process of writing a script for
the avatar, much like a script might be generated to support
consistent human delivery of an intervention. However,
achieving a flow similar to that of a natural conversation was
a challenge with this approach:

I think at times it tends to, and this might be on the
side of the script building and our side of putting CIAS
together in the back end, but I’ve noticed at times that
it tends to lag or, kind of lack the flow, it needs to
kind of seem like a conversation. [P12]

Digital interventions need not be designed according to the
traditions and best practices that have been developed with
face-to-face interventions. Instead, digital interventions may be
improved by envisioning new paradigms.

Key Considerations for Designing and Implementing
Digital Behavioral Interventions

Overview
As interviewees shared the barriers and lessons learned from
past experiences with various interventions and recipients, we
identified three high-level considerations for designing and
implementing digital behavioral interventions: understanding
the population and context, integrating the intervention within
ecologies of care, and technical staffing and preparation. A
strong focus on these considerations can help address the barriers
we have described previously.

Understanding the Population and Context
As discussed earlier, the process of adapting behavioral
approaches to digital interactions with recipients is one of the
greatest barriers to effective implementation of digital

interventions. Therefore, the first step in understanding the
technological context of recipients is critical not only for
ensuring appropriate access and literacy to enable intervention
delivery but also for envisioning how each step of the
intervention will be experienced by recipients, so that its
delivery is evidence based and recipient centered. Interviewees
gained this understanding through qualitative methods with the
population and frontline interventionists who interact directly
with the population (eg, via home visits):

In our first focus groups, we were talking to both
home visitors and moms, [asking]: How comfortable
are you using technology? If someone handed you an
iPad and said “go through this program on your
own,” how comfortable would you be doing that?
What are some things that would get in the way of
you being able to do that? And then asking the home
visitors, “when you go into a home, is there Wi-Fi?
Because this is a web-based program.” Things like
that. And then we had them sit down and go through
the program and analyze both their experience with
it, just as the platform in general, and then also
nitty-gritty of the wording of the content and what
we’re trying to accomplish. [P13]

This interviewee highlighted some of the best practices in
designing digital interventions: starting the process by engaging
with the population through a method such as focus groups to
gather information pertinent to their experience and assessing
each aspect of the intervention through their actual perspective,
from the experience of interacting with the technology to clarity
of the content presented. Another best practice mentioned was
pilot testing, also known as usability testing, which examines
how the recipient interacts with the intervention to identify how
that experience might be improved:

We plan to do a small, pilot trial to test it out in home
visiting, and because it’s a pilot we consider [it] part
of the design process where we’re really looking at
feasibility and acceptability, which parts work and
which don’t, and then we’ll continue to tweak it from
there. [P15]

As this interviewee points out, there must be an iterative process
of testing and revising. As such, obtaining input on aspects of
the design from end users should occur from the early stages
of designing a digital intervention. Deeper engagement, known
as participatory or community based, can involve the population
in not only evaluating the intervention but also contributing
ideas to its design:

I think everyone needs to do more of a
community-based approach, if they can, to where
they’re involving the target population in the creation
of [the digital intervention]. [P13]

Engaging the population in evaluation, or even design, can help
address a range of concerns about how the intervention will be
received. For example, interviewees mentioned that when it
comes to the overall aesthetic of the intervention, “the way it
looks is how seriously someone is going to take your research
regardless of the content” (P14). Interviewees also made
comparisons to the aesthetics of common mobile apps, such as
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social media apps. Referring to a prior version of CIAS, one
interviewee said:

It could just look a little bit more, you know, like the
social media apps that everybody uses all the time.
And like if we saw a social media app that looked like
that, you’d be like “ew, what is this app, like it looks
weird.” I love CIAS, not to say that I hate it, I
appreciate it, but I’d like a graphic redesign of CIAS
to make it a little bit more appealing to the eye. [P12]

Such natural comparisons are important to consider because
how an app looks and feels to a user and how the intervention
content is presented can be linked to perceived value or
trustworthiness of the intervention as well as the research study.

Finally, digital interventions expand the possible contexts in
which recipients can be reached, changing the way they must
be designed. Deciding on the geographical constraints for
reaching a certain population has important implications for the
intervention, and interviewees described this decision as a
balance between convenience for the recipients and convenience
for the research team:

Do you want to restrict it to certain geographical
areas...what’s your population?...Where are these
people located, the time zones? Because we have
people like in California. We have to consider you
know, because we have to do follow up calls every
six weeks after they’ve completed their treatment and
sometimes we have to consider that they’re three
hours behind us, so what time might be good for them,
we have to accommodate, because they are doing us
a favor by participating in our study so if that means
that we have to call them at 8:00 pm our time that’s
fine....So those are the kind of barriers, it just really
depends on how widespread you want your remote
study to be. [P11]

Interventionists took into consideration a range of factors about
the population they wanted to reach with a digital intervention,
working to understand their background, technological context,
how they would interact with the digital intervention, what their
expectations may be of interactive technologies generally, and
how geographically distributed they may be.

Integrating the Intervention Within Ecologies of Care
Interventionists also considered how an intervention might be
integrated within ecologies of care—existing services and
supports, both in virtual and real-life contexts. Our interviews
indicated that researchers have a range of ideas for integration
but have been constrained in achieving all of the features they
envision. For example, they thought recipients should be able
to schedule a health appointment and even see a clinician at a
distance using the same or another platform:

Having a feature that if a client wants to have a
digital health appointment for something, they could
set that up on their own in the [digital intervention].
They’re scheduling it and it’s happening on the
platform. [P16]

Another potential feature mentioned was supporting patients to
monitor their progress toward goals, which can include
reminders, strategically timed prompts to action, or visual
feedback on what it will take to meet their goals. One
interviewee described the use of this approach for long-term
engagement:

Have your [digital interventions] just send them text
messages: “hey you set a goal for whatever, just make
sure you do that today.” That’s the cheapest and
easiest way [to improve patient compliance]. If you
can tie your [digital interventions] in [with] some
long-term prodding of your patients in the next week
or two or three or whatever, in a way that clinicians
think they’re going to reap that. If the patient has
been prompted to do something, the clinician thinks:
“gee, the next time they come in, maybe they’ll have
gotten their material together and put it in the binder
and developed a diet, talked to a nutritionist, or
visited a grocery store, or found out more about where
they can get nicotine replacement therapy.” So all
those I think are selling points. [P6]

Similarly, care transitions, such as leaving residential or
inpatient care, are a great challenge in which technologies could
provide support. Interviewees described roles for digital
interventions across multiple touchpoints in one’s journey with
treatment for substance use:

I think I could see [digital interventions] particularly
serving a role in transitions from things like
residential to outpatient treatment. That’s that window
I think we’re all still really struggling with is, how
do you get [recipients] to maintain abstinence when
they leave residential care? Where I think trying to
build things in with brief interventions would be a
great place. So, I think within the addiction treatment
realm of specialized services I would see [digital
interventions] as something that could help with
engagement at the front end of things—to provide
some early counseling in a way that facilitates
retention in treatment and even enrollment in some
cases. And then I think in the longer term [digital
interventions] could be used for interventions that
help to reduce relapse risk and facilitate uses of care.
[P9]

Our interview findings suggest that even if the technology alone
cannot provide meaningful interaction, the way it is integrated
into other touchpoints of the research study itself can facilitate
human contact that may be able to make a greater impact:

I don’t think [the digital aspect of the intervention]
detracts from our interaction because we still have
to get to know each other over the year that they’re
in the study, so talking with them over the phone, and
asking them really personal questions like adverse
events form and things like that about their lives.
[P12]

Conversely, the way the technology is used can help minimize
human interaction for the purpose of protecting privacy when
engaging recipients on sensitive topics:
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We also use headphones. So that’s something that we
do to make sure that it’s anonymous, because the
whole idea is that people don’t want to talk about
these issues with their home visitors. So we’re giving
them an iPad so that it’s just them and the iPad. [P2]

When choosing a digital intervention, it is important to
remember that recipients are not likely to interact only with the
technology. Integrating the digital intervention effectively within
the structure of the research study, as well as the broader
landscape of services and supports, will enable a good
experience for recipients and may even improve impact or
outcomes.

Technical Staffing and Preparation
Finalizing, testing, and preparing a digital intervention to ensure
that it is ready for use is a complex process with various
considerations. Our interviews revealed the extent to which
research teams need to have staff available to focus on each
aspect of this preparation. For example, once scripts for the
avatar were written, multiple members of the research team
listened to how they would be delivered by the automated voice
to ensure a good experience for the recipients:

[The PI] did a lot of the scripting, like, actually what
the character would say and then she and I both
would put it in there and listen to it and see how it
flows...I think that we really worked hard to make the
language understandable and modern. We didn’t use
a lot of very complicated words. It is an automated
voice, so we really played around with like how words
sound. [P16]

The flow of audio and visual features also needed to be reviewed
on the same device and in the same way that recipients would
experience them. CIAS enables interventionists to design their
intervention on a laptop or desktop computer while previewing
what the intervention will look like (eg, on the smaller screen
of a mobile device). However, such previews will not convey
the full user experience, for example, leaving out touch screen
interactions, which will affect how intuitively and efficiently a
recipient is able to navigate through the intervention. Therefore,
researchers would ensure to review the intervention on the actual
device their recipients would be using:

And then I think the last step is just making sure that
it looks nice on the iPad. So, just going through it as
many times and listening to it. … If I’m previewing
[the intervention] on my laptop, it’s not going to be
the same on an iPad. [P2]

Interviewees also noted that a digital intervention may not look
or perform the same across different platforms, such as tablets
versus smartphones or Android versus Apple. These potential
differences had implications for testing across platforms, as
well as members of the research team having enough familiarity
with operating different platforms so that they can troubleshoot
during a study:

I have really tailored our intervention to a tablet
screen. I haven’t looked at it on a phone or you
know...on a computer in a long time. So, I like the
cross platform capability to be able to like take

something that’s working on one and make sure it’s
going to look the same or be usable on another
device—something I’m actively trying to look at right
now. [P16]

I have never used any digital intervention on an
Android phone, so I’m not that comfortable
[troubleshooting potential problems for recipients].
I would assume that it works the same way, but I don’t
know. Or just things like, [the recipient’s] device
functionality not being the same as ours [Apple
device]. [P12]

In addition to testing the intervention on an appropriate device,
interventionists needed to test it on an internet connection within
the community that was similar to how the recipients would be
accessing the intervention. This was especially important in
communities or contexts in which internet connections may be
unreliable or restricted (eg, behind log-ins, paywalls, or
firewalls):

I’m going to ask my [research assistants] to go out
into the community, whether that’s a library or to a
Starbucks, or wherever and see if they can run
through the intervention without getting kicked out.
[P7]

One interviewee worked as a project manager and spent a
significant amount of time testing all branches of the
intervention logic. As she suggests, CIAS or other types of
platforms could potentially provide support specifically for this
type of testing:

Where I have the most experience was doing the beta
testing before we could actually run it...you had to
test every single branch because there is no way
within CIAS to like click a button to see the flow. [P5]

Testing did not end once a study had begun. Research teams
would have to ensure an adequate internet connection for
individual recipients, who may be distributed across different
contexts. This activity was so critical that it had been formalized
as a part of study protocols:

In our protocol, we have outlined different ways to
kind of go about that barrier [of having Wi-Fi]. Our
participants can be all over [the state] or all over the
US. They could be in places where there is just not
Wi-Fi. So, our first thing is suggesting they go to a
public place that has free Wi-Fi and we can help them
figure that out. Is that a bookstore, or is that a little
coffee shop or something, and then if they can’t, then
we’ll direct them to our IT person and possibly work
with them on getting them a mobile hotspot. [P11]

If Wi-Fi could not be guaranteed, some study teams carried data
cards in the field, that is, prepaid cards that can be inserted into
a mobile device for internet connectivity without Wi-Fi. The
data cards were used for either a recipient’s device if it did not
have a data plan that could support the intervention or the
research team’s device when it was more cost-effective than
purchasing a data plan. The data cards added to the research
assistants’ responsibilities for materials and troubleshooting:
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So we have the data cards and we have the iPad for
the site study I have actually been doing the digital
intervention with. The upcoming one will be [on] their
device, but still I would bring the [data] card and
they would still use our iPad to do questionnaires.
[P12]

The approach of providing technology for recipients was a
common way to overcome the digital divide and ensure a more
consistent experience for recipients. This strategy still requires
sufficient staffing on the research team to provide technical
support, but troubleshooting becomes significantly more
straightforward. For example, one research team distributed
Kindle e-readers to recipients:

We knew that technology was going to be a downfall
so we have a tech personnel on call to answer any
questions that need to be....They are receiving a
Kindle, so if they don’t have a computer, they don’t
have a phone, it’s okay, they have the Kindle, and
they get to keep the Kindle. We modify it so that it’s
very easy, so on the home screen it’s like this is your
app. [P11]

Compared with asking recipients to use their own devices,
supplying devices eliminates the need to provide instructions
or support for downloading because the research team can ensure
that study devices reach recipients with the app already installed
on them. Some research teams also allow recipients to keep
study devices, either as an added incentive or to avoid the
challenging logistics of collecting the devices and reusing them
at the end of the study.

Many digital interventions require recipients to have email
addresses so that they can set up profiles or accounts. However,
research teams cannot assume that all recipients would already
have their own email address, and interviewees needed to plan
for research assistants to take the additional step of helping to
create one when needed:

If [the recipients] don’t have an email address, my
research assistant works with them and she helps
them create an email address just for them. [P11]

Although support for creating an email address is easy to
provide, this illustrates the need to be nimble and prepared to
troubleshoot and assist, which can require a significant amount
of time from research staff.

Finally, interviewees described taking the time to set recipient
expectations for how they will experience the intervention. This
activity was described not as a training but as an orientation or
a demo, indicating that the technology itself should be intuitive
to use, but recipients still ought to know what to expect as with
any research activity:

We’re gonna talk with the participant during what
we’re calling “intervention orientation,” where we
kind of explain kind of how the intervention is going
to be delivered and how it’s going to work. [P7]

We’ve demoed it on a computer or on an iPad through
a projector so that way people can see what it looks
like. I’ve also gone in and created a short video...of
what people can expect to see throughout the

intervention, because I think it’s important for people
when they’re receiving it to know what they can
expect. So like, “this is what questions will look
like.”...“this is what a link will look like, and this is
what will happen if you click on a link.” [P2]

After a research team has put considerable thought into
designing their intervention and invested in the complex process
of building the intervention according to their design, the key
phase of ensuring that their intervention will be implemented
effectively with recipients remains.

Discussion

Principal Findings
Our findings from these researchers with experience in digital
intervention development are 2-fold. First, we isolated three
common barriers: lack of cross-disciplinary understanding;
variability in recipients’ technology access, infrastructure, and
literacy; and evidence-based in-person interactions do not
translate directly to digital interactions.

Second, we identified three key considerations that
interventionists had learned to prioritize across different types
of interventions and projects: understanding the population and
context, integrating the intervention within ecologies of care,
and technical staffing and preparation. These considerations are
important from the outset of project planning and budgeting,
and focusing on them can help address the barriers. We revisit
each barrier to contextualize these findings and build on what
interviewees had offered as their key considerations to using
digital interventions, by adding our own recommendations.

Barriers in Designing and Implementing Digital
Behavioral Interventions

Lack of Cross-disciplinary Understanding

Although digital behavioral interventions are often developed
by multidisciplinary teams, the nascent ideas for these programs
tend to start with either clinicians or researchers who do not
have experience with software development or with developers
with technical backgrounds but no clinical experience. As our
interviewees were interventionists and not technical developers,
themes that arose from this study centered on the lack of
cross-disciplinary understanding that results when nontechnical
interventionists seek to develop digital behavioral interventions.

Conceptualizing Digital Behavioral Interventions

Interviewees expressed concern about the lack of technical
expertise on the part of intervention creators and the effects that
this may have on interventions. The ideas for digital behavioral
interventions conceptualized by clinical researchers are often
built on the shoulders of other interventions. For example, a
researcher may see an interesting intervention that applies to 1
disease state and brainstorm ways in which it could be adapted
or replicated for use in another disease state. Although this
approach is common, when it is used by nontechnical clinical
researchers, the new idea may unnecessarily pigeonhole new
interventions by ignoring different intervention delivery
modalities (eg, websites, native mobile apps, web apps, and
smartphone apps), design features (eg, manual self-monitoring
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and pairing with peripheral devices for objective monitoring),
mechanisms for communicating content (eg, text, audio, video,
and animation), or design decisions that the creator may not
have considered or even be aware of.

Misaligned Expectations of Development Costs

Emerging technologies often remain out of reach for many
interventionists because of their cost, which depending on
factors such as complexity, novelty, and timeline, may vary
greatly. Therefore, it is crucial for interventionists to align their
expectations of what they want and need to develop, with the
resources available to support intervention development.
Misalignment with wants or needs and available resources often
stem from a lack of experience with digital behavioral
intervention development or the costs necessary to run and
maintain an intervention, such as expenses related to hosting,
security, bug fixes, and other maintenance costs. Most
behavioral interventions used within research need to be
implemented reliably at a scale within certain budgetary
constraints. Interviewees voiced many concerns related to
development costs, indicating that funds available for a given
intervention development project were often far less than what
was actually needed. Indeed, budget caps on federal and private
research caps are often incompatible with actual market costs
for high-quality software development and maintenance, which
may stifle innovation. In particular, development costs are often
greatest for new interventions, which are least likely to be
competitive for large grant awards. Interventionists interested
in advancing the state of the art in digital interventions often
need to partner with technology researchers on more
sophisticated and innovative interventions, often at a smaller
scale, greater cost, and limited immediate ability to demonstrate
impact on behavior.

Working With Software Developers

Interventionists often lack the knowledge and skills required to
build digital interventions themselves and must partner with
software development companies to create apps; however, doing
so requires preparation that most researchers lack, at least
initially. For example, even the process of identifying the right
software development company can be a challenge. Some
clinical researchers expressed confusion around their options
when it came to hiring developers, saying that they did not
understand what they should look for or how to know who to
hire. In addition, before an intervention can be developed, the
clinical researcher must have a clear vision and proposal for the
intervention, including full details of each question, how it
should be presented digitally, and an outline of all functionality.
From hardware to software to the user interface, there are
intricate details to a digital intervention that are time-consuming
to design and will affect the quality of the intervention. Many
of these details require careful decisions that researchers have
not previously considered. Interviewees described lack of
knowledge about what was even possible. Finally, developing
and testing the intervention takes time and iteration. The
processes, steps, and timelines imposed by working with a
software development company can be quite lengthy and costly,
growing more as researchers need even small changes made to
a developed intervention. Working with outside development
companies can create a disciplinary gap because those building

the intervention are not typically knowledgeable about
interventions. This can lead to more back-and-forth between
clinical researchers and developers to be on the same page.

Understanding the Product Design Cycle and Development
Timeline

Clinical researchers who do not have first-hand experience with
the product design cycle used within software development may
not know how to plan their projects around it. If they do not
have realistic expectations, they can then find themselves with
timeline issues such as delays and budget problems associated
with not locking in functional requirements and specifications
in a timely manner, difficulties in making system changes
because of an advanced stage of coding, or failure to include
necessary components or design processes into contractual
language. These can all result in digital health tools that miss
the mark both for the creators who envisioned the interventions
and for end users. Moreover, many digital behavioral
intervention projects are behind schedule from the moment they
are funded because of unanticipated contracting delays. Ensuring
adequate communication with the clinical researcher, who in
this case is the client for which the software is being developed,
is not typically the role of a software developer, programmer,
or engineer. More commonly, the responsibility for
understanding the needs of the client and end user of the
software lies with consultants, product managers, or user
experience researchers. These types of roles specialize in
overcoming cross-disciplinary communication challenges and
translating between technical language and the language of, in
this case, the behavioral interventionist. Unfortunately, our
interviews suggest that the prohibitive costs of software
development may lead researchers to work directly with those
who will write the code, asking them to take on a broad range
of roles that are critical to a successful software project. Working
with an experienced third-party vendor, or investing in these
other roles and specializations in-house, can make
cross-disciplinary collaboration more effective for creating an
impactful intervention, and even thoughtfully target the most
difficult problems, such as engagement with technology over
time.

Meeting Recipient Expectations for Digital Technology

Interviewees shared their concerns about ensuring that their
intervention aligned with expectations that their recipients have
for digital technologies they use in their everyday lives. Given
the ubiquity of high-quality free apps and mobile websites and
the technology industry’s investment in the user experience of
their products, consumers have high expectations for the
appearance and functionality of interventions. The most
prominent apps in their lives (eg, for social media, e-commerce,
email, and search) are created by companies that invest
considerably in the user experience, with entire departments
dedicated to evaluating and continually improving the
experience for their users. Apps that do not provide an
experience that users have come to expect can generate
disappointment, lower engagement, or abandonment.

The concerns of our interviewees echo the problem of
engagement, which is well established in the literature
[9,12-14,21,22] and which may be exacerbated when digital
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health tools do not provide a high-quality user experience.
Interventionists should therefore draw from industry best
practices to meet their recipients’ expectations. Asking end
users of a digital intervention to interact with it, and assessing
their experience, is an essential best practice [23] for ensuring
the technology is user-centered and intuitive to use. For example,
mockups of how the digital intervention will look can be shown
in a study by Melles et al [23] or as a static image on a tablet.
Users can then be asked to think aloud [24] as they review the
information presented, react to the information, and describe
what actions they believe they can take next. Such qualitative
methods are the most effective [23] to ensure that the digital
intervention is designed in a way that matches the mental model
of the population. Achieving an adequate user experience can
be costly, not necessarily because this requires complexity (in
fact, current technology trends favor minimalism), but by
investing in a user experience designer or interaction designer
who will know how to meet user needs and expectations,
including up-to-date standards and conventions to make it feel
modern and credible. Moreover, engaging with the population
as various aspects of the intervention are being designed can
reveal how different design choices will affect the way they
experience the intervention, providing opportunities to correct
the course as needed while the intervention is still taking shape.
These activities add further complexity to the timelines and
budgets of software development projects we previously
discussed. However, these activities are commonly adapted to
fit the constraints of each project and can even save time and
money when used early and strategically.

Variability in Recipients’ Technology Access,
Infrastructure, and Literacy
Interviewees in this study expressed many concerns about the
technology access, infrastructure, and literacy of target end
users, and these issues need to be considered by digital
behavioral health interventionists, particularly those that work
with underserved or marginalized populations. Although access
to computers and smartphones may be high, access is not
ubiquitous in all populations. Moreover, technology
infrastructure is not equitable across the country, particularly
in rural and underresourced urban settings where access to
affordable, dependable, high-quality, high-speed broadband
may not be readily available for all [25,26]. Furthermore,
intervention-generated inequalities may arise where already
advantaged populations gain greater advantage through digital
interventions than do those who are less advantaged [27].

Finally, technology literacy is required to ensure that a device
is connected to the internet, any peripheral devices such as a
keyboard or wearable technology are paired, effective security
measures such as passwords are used, and software updates are
downloaded and installed in a timely manner to keep the device
or intervention running smoothly. This requires a fair amount
of technology literacy not only on the part of end users but also
on the study staff assisting research participants to ensure
adequate assistance with troubleshooting when problems arise.
Regardless of the amount of advanced planning and testing,
unanticipated issues with the technology will arise with any
intervention, and these will affect recipients and study staff.
Consequently, interventionists need to have a mechanism for

receiving reports of technical problems or difficulties.
Troubleshooting problems, assisting recipients, and
communicating with developers require additional effort and
expertise from interventionists. Given that the interventionists
perform less of the intervention delivery, their role therefore
shifts more to technical training and support for recipients and
ongoing communication with developers.

Evidence-Based In-Person Interactions Do Not Translate
Directly to Digital Interactions

Overview

Our interviews revealed the extent to which interventionists
approached the creation of digital interventions in similar ways
as they had in the past with traditional methods and how they
could run into challenges as a result. Although this is related to
the conceptualization of the design of an intervention, which
we addressed in an earlier section, we see it as a broader mindset
and therefore discuss it separately. We highlight that moving
analog processes and behavioral interventions to a digital world
is not a 1:1 replication, nor should it be. That which is efficient
and effective offline may not translate to the digital world in
the same way, and the benefit of digitization means that there
are potential efficiencies that can be captured with redesigned
processes that are not possible in an analog world. This applies
both to the front end of an intervention that is visible to research
participants and also to the back-end databases and structures
that run the interventions. For example, one can certainly take
print materials and data collection forms and put them in a
digital format as is, but this may not be the most efficient and
effective content delivery solution. Moreover, given that many
behavioral interventions are delivered in a face-to-face format
with trained interventionists using techniques such as MI, the
switch to digital platforms, which are often automated, cannot
be a perfect replication. Interviewees from this study raised
several concerns about the translation of in-person interventions
and interactions to a digital world, including issues related to
intervention design and intervention fidelity.

Intervention Design

Despite access and literacy variability among intervention
recipients, one of the potential benefits valued by researchers
is the ability to reach more people through the use of digital
interventions at scale [18]; however, this extended reach of
digital interventions comes with added complexity for planning
and implementing interventions. In addition to time zone
considerations, there may be other regional or cultural factors
that affect how the intervention will be experienced by recipients
across geographic areas. An early understanding of the potential
differences between populations in different areas will enable
effective design and planning. In addition, the need for
tech-savviness on the part of intervention recipients introduces
a level of complexity that may be off-putting for individuals
less comfortable with technology. This increases the need to
introduce experts in human-computer interaction and interaction
design, who specialize in developing conceptual models through
which users can intuitively interact with technology (eg, the
desktop on a computer interface is derived from the metaphor
of a physical desktop with files and folders placed upon it). In
contrast to supporting intervention planning by outlining a range
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of functional requirements to consider [28], focusing on
user-centered conceptual models can help interventionists pivot
from how they think of traditional interventions to how they
might conceptualize digital interventions differently. Although
some interventions try to emulate human counselors in order
to provide an approach that mirrors real life, models other than
that of the human counselor should be explored to effectively
guide recipients through an intervention and to conceptualize
how digital interventions can complement in-person services.
Previous work has shown that although intervention recipients
can develop a bond with an app and display open
communication using this medium, the nature of the interaction
is different than that with health professionals, as apps are not
as able to simulate truly human qualities such as friendliness
and collaboration [29]. Indeed, simulating realistic exchanges
between humans and computers within the context of health
issues has the potential to feel to human users as disingenuous,
contrived, or overly stereotypical, which may be a deterrent to
use [30]. There is evidence that suggests SBIRT (Screening,
Brief Intervention, and Referral to Treatment) interventions can
be at least as good as face-to-face, clinician-delivered
interventions [31,32].

Interviewees often talked about the loss of ability to gauge and
react to intervention recipients’ responses, behaviors, and body
language. The ability of automated interventions to handle such
nuanced verbal and nonverbal communication is still limited;
however, we note that artificial intelligence and other emerging
technologies do have the potential to improve personalization
and adaptivity of interventions through speech pattern
recognition, natural language processing, and machine learning.
These advanced technological methods can help to process the
large number of possible intervention pathways and make
decisions based on certain rules that are preprogrammed or
learned over time, addressing the challenge articulated by some
interviewees. These innovations are developing and improving
rapidly and mark an important area of study at this time.
Furthermore, as interventionists look to digital interventions to
supplement human interaction and support, there is a critical
need for continued investigation of the recipient experience.
Evidence is needed to determine the extent to which technology

can convey empathy and emotional support and, if so, through
which features or functions specifically. Finally, it should also
be noted that although technology clearly cannot do everything
that a human interventionist can do, neither can a human
interventionist do everything that technology can do, and those
advantages should be leveraged freely, rather than only seeking
to replicate human interaction. The literature in this area includes
examples of technology-delivered interventions performing
equally well as human-delivered interventions [31], with similar
overall acceptability [33] and greater cost-effectiveness [34].

Limitations
This study was limited, first, by our focus on the CIAS platform,
given that this work was conducted within the context of CIAS
redesign activities. Although the limitation on CIAS users may
have potentially introduced selection and response bias, the
issues raised by interviewees in this study were largely focused
on considerations for developing and implementing digital
behavioral interventions in general, and not on CIAS itself. Our
participants described experiences across a range of behavioral
interventions. We also contextualized our recommendations
within the broader literature and best practices for software
projects. Finally, our sample size was small; however, saturation
was achieved, leaving us confident that adding additional
participants to the sample would yield little new information to
contribute.

Conclusions
Researchers from within the health and social sciences who
wish to develop and implement digital behavioral interventions
describe a consistent set of challenges. Issues resulting from
lack of cross-disciplinary understanding; variability in
recipients’ technology access, infrastructure, and literacy; and
translating face-to-face interventions into digital interactions
are common across multidisciplinary teams in this space and
speak to the need for better training and planning among
research teams who wish to work with digital health. Finding
the right expertise to include on multidisciplinary teams can
help teams overcome these challenges and build off similar
work that has been done, as opposed to reinventing the wheel
with every new project.
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Abstract

Background: During the time surrounding the approval and initial distribution of Pfizer-BioNTech’s COVID-19 vaccine, large
numbers of social media users took to using their platforms to voice opinions on the vaccine. They formed pro- and anti-vaccination
groups toward the purpose of influencing behaviors to vaccinate or not to vaccinate. The methods of persuasion and manipulation
for convincing audiences online can be characterized under a framework for social-cyber maneuvers known as the BEND
maneuvers. Previous studies have been conducted on the spread of COVID-19 vaccine disinformation. However, these previous
studies lacked comparative analyses over time on both community stances and the competing techniques of manipulating both
the narrative and network structure to persuade target audiences.

Objective: This study aimed to understand community response to vaccination by dividing Twitter data from the initial
Pfizer-BioNTech COVID-19 vaccine rollout into pro-vaccine and anti-vaccine stances, identifying key actors and groups, and
evaluating how the different communities use social-cyber maneuvers, or BEND maneuvers, to influence their target audiences
and the network as a whole.

Methods: COVID-19 Twitter vaccine data were collected using the Twitter application programming interface (API) for 1-week
periods before, during, and 6 weeks after the initial Pfizer-BioNTech rollout (December 2020 to January 2021). Bot identifications
and linguistic cues were derived for users and tweets, respectively, to use as metrics for evaluating social-cyber maneuvers.
Organization Risk Analyzer (ORA)-PRO software was then used to separate the vaccine data into pro-vaccine and anti-vaccine
communities and to facilitate identification of key actors, groups, and BEND maneuvers for a comparative analysis between each
community and the entire network.

Results: Both the pro-vaccine and anti-vaccine communities used combinations of the 16 BEND maneuvers to persuade their
target audiences of their particular stances. Our analysis showed how each side attempted to build its own community while
simultaneously narrowing and neglecting the opposing community. Pro-vaccine users primarily used positive maneuvers such
as excite and explain messages to encourage vaccination and backed leaders within their group. In contrast, anti-vaccine users
relied on negative maneuvers to dismay and distort messages with narratives on side effects and death and attempted to neutralize
the effectiveness of the leaders within the pro-vaccine community. Furthermore, nuking through platform policies showed to be
effective in reducing the size of the anti-vaccine online community and the quantity of anti-vaccine messages.

Conclusions: Social media continues to be a domain for manipulating beliefs and ideas. These conversations can ultimately
lead to real-world actions such as to vaccinate or not to vaccinate against COVID-19. Moreover, social media policies should be
further explored as an effective means for curbing disinformation and misinformation online.

(J Med Internet Res 2022;24(3):e34040)   doi:10.2196/34040
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Introduction

Background & Motivation
COVID-19 claimed the lives of 2.6 million people in the first
year of its discovery [1]. In a concerted effort to reduce the cases
and deaths resulting from the COVID-19 pandemic,
governments and major health organizations pushed for the
development and rapid distribution of COVID-19 vaccines.
This process, however, has been met with online expressions
of resistance vaccination [2]. In view of this concerning spread
of anti-vaccine sentiment online, our work has focused on
identifying the specific tactics used by both the pro- and
anti-vaccine communities to spread their messages over Twitter.

Though vaccinating everyone against COVID-19 may seem to
be an obvious way to prevent deaths, many people and groups
oppose vaccination for several different reasons. The first
compulsory vaccination was established in England by the
Vaccination Act of 1853. The act faced opposition to the idea
that the government should impose health legislation [3]. In
current times, communities speak out against the government
and assert that they have the right to decide what goes inside
their bodies. Some anti-vaccine proponents fear the side effects
of vaccines and refuse entirely to vaccinate themselves or their
children because of rumors of autism or other medical disorders
[4,5].

The Pfizer-BioNTech vaccine was the first vaccine for
preventing COVID-19 to be authorized in the United States by
the Federal Drug Administration (FDA). Both the FDA and
European Medicines Agency (EMA) authorized the vaccine for
emergency use. In 2020, the first Pfizer vaccine doses were
distributed in the United Kingdom on December 8 and in the
United States on December 14. Because of the rush to create
the vaccine, many feel the vaccines were inadequately tested
and refuse the vaccine without seeing the results of long-term
studies. Additionally, some accept conspiracy theories or rumors
on the vaccine. For example, one such conspiracy theory is that
Bill Gates and the government created the vaccines to microchip
the population for some malicious intent [6]. These are among
the reasons for “vaccine hesitancy” across the world [7].

Social media has become a medium for COVID-19 vaccine
discussion. Twitter is a popular platform on which government
leaders, public health officials, and news organizations spread
pertinent information. However, many users spread
misinformation or act maliciously by conducting influence
campaigns to manipulate peoples’ beliefs and ideas. Bonnevie
et al [2] found that vaccine opposition on Twitter increased by
80% after COVID-19 began spreading in the United States.
Misinformation is not limited to anti-vaccine users as some
pro-vaccine users also share unreliable information [8]. To
counter the spread of misinformation on its platform during the
initial administration of the vaccine, Twitter expanded its policy
by removing false and misleading tweets about COVID-19

vaccines, adding labels to potentially misleading COVID-19
vaccine information, and creating a “five-strike system” for
suspending misleading accounts [9,10].

These malicious actions online are a major aspect within the
field of social cybersecurity. Social cybersecurity lies at the
intersection between cyberspace and human interaction. It
studies how humans can be influenced by tactful messaging
and connecting the right people to the right content. Key players
in an online social network can conduct influence maneuvers
to change users’ beliefs and affect their behavior [11]. In our
study, we sought to identify the important actors in pro- and
anti-vaccine Twitter communities as well as the social-cyber
maneuvers they used to influence their audiences’ stances
regarding the COVID-19 vaccine.

This work focused on the time period around the approval and
initial administration of the Pfizer vaccine. Our objective was
to determine whether there are differences between the types
of social-cyber maneuvers pro-vaccine and anti-vaccine
communities use toward their target audiences. We describe a
methodology for determining pro-vaccine or anti-vaccine stances
within tweets and identifying key players within the social
network. We further used bot detection and linguistic cues to
analyze the content and significance of tweets, and we evaluated
how the 2 opposing vaccine communities applied social-cyber
maneuvers to persuade their target audiences. Our results show
how pro-vaccine messaging focused on exciting readers and
explaining the vaccine issue. In contrast, anti-vaccine groups
preferred to make dismaying statements and used messaging
that distorted vaccine information. We also found that Twitter’s
tightening of its policies on vaccine misinformation had a
remarkable effect on decreasing the size of anti-vaccine
communities and the prevalence of their messaging.

Related Work

Vaccine Stance Detection
The problem of identifying pro- and anti-vaccine communities
has garnered the attention of several researchers who have
sought to apply stance detection techniques from computer
science to this task. Supervised machine learning methods
developed for this problem have ranged from the use of
transformer neural networks based on Google’s Bidirectional
Encoder Representations from Transformers (BERT) model
[12] to the use of convolutional neural networks trained on
n-grams and topics detected via Latent Dirichlet Allocation
[13]. More traditional community detection algorithms have
also been used to find groups with overt stances on vaccines
[14]. The semisupervised stance propagation technique used
for our work, which has the advantage of not requiring extensive
manual labelling of pro- and anti-vaccine messages, was also
used to identify linguistic differences between pro- and
anti-vaccine groups [15].
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Pro-Vaccine and Anti-Vaccine Communities
Various studies of anti-vaccine and pro-vaccine communities
have sought to identify the methods used for spreading
vaccine-related messages. Different communities can have
contrasting messaging characteristics depending on the nature
of and support for their stances on vaccines.

In 2019, a study examining influential themes and actors within
the anti-vaccine community concluded that top tweeters relied
on highly networked communities led by accounts that select
messages expected to have high receptivity within those
communities [16]. This was different from standard messages
from public officials, which tended to repeat the same
information to the same communities, limiting the extent of a
message’s reach. In an analysis of Facebook vaccine group
clusters, Johnson et al [17] observed that anti-vaccination
clusters entangled more often with undecided clusters, while
pro-vaccination clusters tended to be more peripheral.
Furthermore, Schmidt et al [14] examined how echo chambers
reinforce the opinions of groups and how involvement within
these groups could be an effective way of countering
anti-vaccine beliefs.

Past research has therefore found that pro-vaccine messages
tend to be supported by public health officials and governments
seeking to reduce the spread of infectious diseases, whereas
anti-vaccine communities are more niche and maintain a smaller
following. However, although pro-vaccine messages tend to
stay within pro-vaccine communities, anti-vaccine messages
permeate beyond the boundaries of anti-vaccine communities.

Although these past works have analyzed the themes and
targeting of vaccine messaging, they have not considered the
specific types of strategies carried out in vaccine-related
information operations. Thelwall et al [18] tracked some of the
anti-vaccine narratives spreading on Twitter, and Boucher et al
[19] identified the key themes in Twitter conversations about
vaccine hesitancy. However, previous research has not examined
the intentions behind specific choices on the language, content,
and targeting of pro- and anti-vaccine messaging. Our work
breaks down the tactical value of specific types of vaccine
messages and analyzes how those tactics have changed over
time.

Social Cybersecurity: Influence Campaigns and Bots
A key development in the fight against online influence
campaigns has been the growth of the field of social
cybersecurity, a computational social science that aims to protect
the security of democratic societies by studying the ways in
which actors exercise manipulation on social media platforms
[11]. Recognized by the National Academies as a new science
[20], its key areas of research have been the study of information
maneuvers, motive identification, and information diffusion, as
well as the evaluation of the effectiveness of information
campaigns and mitigation strategies. Though the field has most
extensively focused on the spread of political disinformation,

it has more recently expanded to tackle the problem of medical
misinformation [11].

Of particular concern in social cybersecurity is the existence of
automated accounts on social media platforms since they are
used to spread online disinformation and influence elections
[21]. They have also manipulated public health discourse by
propagating misinformation on topics such as e-cigarettes, diets,
and medications [22]. Because of the influence of these bots on
public opinion, several studies have been conducted on the use
of bots for spreading vaccine information [23,24]. Before the
COVID-19 pandemic, Broniatowski et al [25] examined the
extent to which bots spread anti-vaccine messages, showing the
high rates of vaccine content they spread and comparing it with
the effects of Russian trolls, whose messages primarily sought
to increase discord online. Dyer [26] determined that after
Russian trolls, bots were the most prolific vaccine-related
tweeters. Huang and Carley [27] found that accounts linking to
coronavirus information from less reliable sites were more likely
to be bots. Ng and Carley [28] also found that bots change
vaccine stance more easily than non-bots. Hence, understanding
the actions of automated accounts is a crucial part of
vaccine-related online influence campaigns.

The BEND Framework
A crucial component of social cybersecurity’s efforts to
characterize online influence operations has been the struggle
to establish the motives and tactics of those seeking to
manipulate conversations in cyberspace. The BEND framework
was developed to assist in the theoretical conceptualization of
this problem by providing a taxonomy of 16 categories of
maneuvers for conducting online influence [29]. These
categories are divided into 2 types: narrative and network
maneuvers. These types are further divided into positive and
negative directions of influence. Narrative maneuvers focus on
the information and content of messages. These maneuvers
affect what is being discussed and how it is discussed. Network
maneuvers focus on how the network and communities are
shaped and the positions of key actors.

The BEND framework provides analysts and researchers with
a way to conceptualize the tactics used in online information
operations. Though this framework was discussed in reference
to election manipulation [29], it has not yet been applied to
vaccine-related influence campaigns.

Methods

In this work, we used a methodology similar to the pipelines in
other social cyber-security studies [30]. For the social-cyber
maneuver analysis, the end state is to gain a comprehensive
understanding of the actors and their maneuvers used to
manipulate others on social networks. The pipeline is broken
into 3 parts: data preparation, key actor identification, and
social-cyber maneuvers analysis (Figure 1).
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Figure 1. Social-cyber maneuver analysis pipeline.

Data Preparation

Data Collection
The data used in this work are a subset of COVID-19 tweets
collected from Twitter using the Twitter application

programming interface (API) and keywords related to
COVID-19. The data set was then further filtered using the
vaccine-related terms shown in Table 1. Furthermore, we
removed tweets from non-English speaking users from the data.

Table 1. Keywords used to collect COVID-19 vaccine-related tweets.

KeywordsFilter

coronaravirus, coronavirus, wuhan virus, wuhanvirus, 2019nCoV, NCoV, NCoV2019, covid-19, covid19, covid
19

Filter 1: COVID-19 tweets

vaccine, vax, mRNA, autoimmuneencephalitis, vaccination, getvaccinated, covidisjustacold, autism, covidshotcount,
dose1, dose2, VAERS, GBS, believemothers, mybodymychoice, thisisourshot, killthevirus, proscience, immunization,
gotmyshot, igottheshot, covidvaccinated, beatcovid19, moderna, astrazeneca, pfizer, johnson & johnson, j&j,
johnson and johnson, jandj

Filter 2: vaccine tweets

We divided the data into 3 time periods surrounding the
introduction of the Pfizer vaccine: December 1-7, 2020 (the
week before the rollout), December 8-10, 2020 (during the week
of the rollout in the United States and the United Kingdom),
and January 25-31, 2021 (6 weeks after the rollout). The 3
periods consisted of 471,962, 694,200, and 662,776 users and
935,709, 1,511,344, and 1,368,035 tweets, respectively.

Identifying Bots
Using the Tier-1 BotHunter algorithm by Beskow and Carley
[31,32], we determined the probability that each user within the
data set was a bot. BotHunter is a random forest regression
model trained on labeled Twitter data sets. It was developed
from forensic analyses of events with extensively reported bot
activity, such as the attack against the Atlantic Council Digital
Forensic Research Lab in 2017. This machine learning model
considers network-level features (such as the number of
followers and friends), user-level attributes (including screen
name length and account age), and tweet-level features (such
as timing and content). For this work, any score of 75% or
greater was labeled as a bot to reduce the chance of false
positives and ensure that the accounts classified as bots were
truly bots (at the expense of missing some bots) [33].

Linguistic Cues
The NetMapper software [34] was used to extract linguistic
cues from the tweet text. These are metrics helpful in identifying
a tweet's sentiment and author's emotional state [11]. Examples
of these cues include the frequency of positive and negative
terms, types of pronouns, emojis, and others. These tweet
attributes are used to identify BEND maneuvers and actors
participating in such maneuvers.

Organization Risk Analyzer - PRO Software
The Organization Risk Analyzer (ORA)-PRO software [34] is
a dynamic meta-network analysis tool used extensively in this
study to examine and characterize key actors, conversations,
and the overall structure of the Twitter data. Key features used
included a network data visualization tool, stance detection
function, Twitter analysis report, and the BEND and Community
Assessment report.

Stance Detection
We used the stance detector [35] built into ORA-PRO to divide
the data set into the pro-vaccine and anti-vaccine communities.
This stance detector starts with a set of hashtags that the user
initially labels as pro- and anti- with respect to an issue. The
stance detector uses these hashtags to label the stance of the
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Twitter accounts that used them. The algorithm then uses the
concept of influence propagation to label the stance of users
who did not use any of the pre-labeled hashtags. This
propagation through the user communication network proceeds
by repeating 2 steps. First, users with a known stance are used
to determine the stances of some of the hashtags that have not
yet been labeled. In this step, hashtags that are used
overwhelmingly by users of one stance over the other are
accordingly assigned that stance. In the second step, hashtags
with a known stance are used to determine the stances of some
of the unlabeled users. Users who have overwhelmingly used
hashtags of one stance rather than the other are labeled with
that stance. Additionally, both steps allow stance to spread
directly from user to user. In both steps, unlabeled users who

are predominantly connected to users of the same stance are
assigned that stance.

The algorithm also provides a confidence level for each stance
classification. After running the stance detector on our data,
pro-vaccine users had a mean confidence level of approximately
99% to 100% for each time period. However, the anti-vaccine
users for the before, during, and after rollout periods had mean
confidence levels of 84%, 85%, and 67%, respectively. Table
2 shows the number of users classified by stance for each time
period and the number of tweets by these communities. There
were noticeably fewer anti-vaccine users and tweets than
pro-vaccine users and tweets. Though the stance detector also
identified neutral nodes, we excluded them from this study.

Table 2. The number of users labeled as pro-vaccine and anti-vaccine, along with the number of tweets by users of each stance after running the stance
detector.

Number of tweets by users of each stanceUsers labeled by stance detectionTime period

Anti-vaccinePro-vaccineAnti-vaccinePro-vaccine

31,200186,72636,609216,156Before rollout

55,406292,60747,566195,334During rollout

30,560338,03519,519430,278After rollout

Examining Key Actors and Social-Cyber Maneuvers
We used reports within ORA-PRO to gain insight on key actors,
individual tweets, BEND maneuvers [36], and the entire
network. We ran the reports and analyzed each of the 3 time
periods on each of the subsequent stance communities. By
examining an entire time period, we observed the interactions
of the users between those of opposing or neutral stances. Then,
by focusing on the individual communities by stance, we
conducted a more fine-grained analysis.

ORA-PRO’s Twitter report allows us to identify and analyze
key agents or actors, hashtags, tweets, and other Twitter
attributes on Twitter data. Key actors are useful in understanding
who are the most influential entities and what are the most
influential conversations. The first type of key actors we
observed was super friends, or users that exhibit frequent 2-way
communication with others, such as reciprocal mentioning or
retweeting. The second type that we examined was super
spreaders. These users generate content that is shared often,
facilitating the diffusion of information across the network. We
then extracted the list of tweets and hashtags for each of these
key actors for further inspection.

Additionally, the Twitter report identified valuable tweets. In
this study, we specifically focused on the most propagated
tweets within a data set. These are tweets that have the highest
combined values for retweets, replies, and quotes. This
information aided in understanding social-cyber maneuver
narratives and actions.

The ORA-PRO software uses NetMapper's linguistic cues as
input for detecting BEND maneuvers in tweets using the BEND
and Community Assessment report. Of the most propagated
tweets, we used this report in conjunction with manual labeling
to gain insight into the social-cyber maneuvers used within our
data sets.

In our analysis, we organized the BEND maneuvers into 1 of
6 application categories based on the similarity of the
maneuvers: developing the narrative, emotional influence,
countering the narrative, affecting leaders, making or growing
groups, or dissolving or reducing groups (Table 3). These
represent macro-level actions occurring as a result of multiple
BEND maneuvers. We observed these combinations over time
to identify a concerted effort to influence target audiences of
their stances. We labeled the narratives and actions for the 100
most propagated tweets for each stance community within each
time period and grouped them into these application categories.
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Table 3. BEND maneuvers organized into application categories.

ManeuversBEND maneuver and application categories

Narrative maneuvers

Engage, explain, enhanceDeveloping narrative

Excite, dismayEmotional influence

Distract, dismiss, distortCountering narrative

Network maneuvers

Back, neutralizeAffecting leaders

Build, boost, bridgeMaking groups

Neglect, narrow, nukeReducing groups

Results

Key Actor Overview Overtime

Key Influencers: Super Friends and Super Spreaders
We used ORA-PRO to calculate the super friends and super
spreaders for the 3 data sets for each time period and identified
the types of entities that fell into each of these categories.

The top 10 super friends throughout the 3 data sets were
predominately pro-vaccine, though varied in the types of actors.
All of the top 10 super friends identified before the rollout were
unverified Twitter accounts and relatively low-profile users.
ORA classified all of the tweets as pro-vaccine, and 3 of them,
we identified as amplifier bots [37]. During the rollout, the top
10 included several anti-vaccine users and a single neutral stance
user. Of the 3 bots on the list during this period, 2 news bots
emerged alongside one of the pro-vaccine bots from the before
period. At 6 weeks later, several higher-profile users from health
and government organizations appeared as super friends. These

included the World Health Organization, the India Ministry of
Health, and the India Official COVID Response account.

Except for one instance, the top 10 super spreaders were either
classified as pro-vaccine or neutral within the 3 data sets. All
of the users before and during the rollout were high-profile
verified Twitter accounts. During these 2 periods, the super
spreaders were primarily health organizations, vaccine
manufacturers, news organizations, and senior government
leaders. After the rollout, the types of accounts identified as
super spreaders changed. Though a couple of news organizations
and health-related accounts remained on the list, the users were
more community leaders or professionals with a substantial
reach, such as actors or journalists.

Bot Influencers
The BotHunter results revealed that anti-vaccine agents
consisted of a higher percentage of bots than the pro-vaccine
agents (Figure 2). Though anti-vaccine bots decreased over
time, the number of bots remained relatively higher than the
total percentage of pro-vaccine bots of the same time periods.
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Figure 2. Percentage of bots by stance by time period.

We calculated the number of bots within the top 100 super
spreaders and super friends (Figure 3). The high percentage of
super friends shows that users are interacting with the bots and
engaging in 2-way communications. The super spreaders show
that bots are effectively diffusing tweets through the network.
These bots have managed to connect with users on Twitter,
which makes them susceptible to the information or

disinformation that these bots can be posting. Furthermore, the
data show a noticeable decline in the number of anti-vaccine
influencers after the rollout. Super spreaders, for example,
reduced from 15 and 16 bots during the first 2 periods to only
4 after the rollout. This difference is likely a result of the Twitter
policy against anti-vaccine disinformation enacted
mid-December 2020 [9].

Figure 3. Number of bots in top 100 influencers.

BEND—Narrative Maneuvers
Using ORA-PRO, we identified the most propagated messages
for each of the stances and periods. We then identified and

evaluated how narratives manifested themselves as maneuvers
to persuade others. This section provides a cumulation of
narrative BEND maneuvers observed within each of the
communities.
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Pro-Vaccine Communities—Narrative Maneuvers
Pro-vaccine communities had varying messages before the
vaccine rollout. Many of them were excite messages, defined
as messages that elicit a positive emotion such as joy or
excitement. Users posted positive tweets about the vaccine’s
approval and then encouraged others to get their vaccine when
it became available. At the same time, many users also attempted
to compel others to curb the growing number of
COVID-19–related illnesses and deaths using the dismay
maneuver. This is messaging to elicit negative emotion such as
sadness or anger, to warn users of the consequences of not
getting the vaccine. Health officials and organizations used the
maneuver, explain, which is to educate on a topic using details
and relevant facts, to inform the science behind the vaccine and
build confidence in its use. To counter vaccine myths, users
used the dismiss maneuver, the maneuver used to downplay
anti-vaccine information as either irrelevant, inconsequential,
or foolish. Many users also dismissed many of the fears that
stemmed from the vaccine’s rapid development. These
maneuvers were typically followed up with explain maneuvers
that attempted to debunk these myths using scientific evidence
or detailed forms of justification. Finally, users would enhance
their pro-vaccine ideas or encourage their views with the support
of prominent actors or interesting content. Many, for example,
tweeted and quoted articles about 3 former US Presidents
volunteering to get the vaccine to promote trust in the vaccine.

During the rollout, pro-vaccine communities continued to post
similar types of messages as in the week prior. Many users
expressed excitement about the first person to receive the Pfizer
vaccine, a 90-year-old woman from the United Kingdom leading
the vaccine rollout. Other types of optimistic excite messages
included those from users of various countries approving and
purchasing vaccines as well as many excited at the sight of the
logistics vehicles containing the vaccines within the distribution
process. Additionally, pro-vaccine proponents also added to
their explain messages about how the vaccines work by
emphasizing the vaccine’s effectiveness after the first dose and

supporting the overall narrative with charts and results from the
vaccine trials during the development process. Furthermore,
medical professionals made efforts to engage with their more
hesitant audiences to instill confidence in the vaccine and
encourage them to get vaccinated.

After the rollout, messages continued to explain science-backed
research for the development, safety, and efficacy of the vaccine
to build trust in its use while countering anti-vaccine myths and
narratives. Pro-vaccine users during this period showed general
excitement and optimism about how the vaccine will benefit
themselves, their families, and their communities. There were
general excite tweets about the authorizations and distributions
of the vaccine worldwide. Individuals also spread excite
messages about finally getting the vaccine, getting an
appointment for the vaccine, or just desiring to get the vaccine.
Many users combined these messages with the engage maneuver
by taking ownership of the vaccination process by setting the
example as a vaccinated individual and encouraging others to
also get vaccinated.

Throughout these periods, pro-vaccine communities engaged
in hashtag hijacking by tying pro-vaccine narratives to hashtags
intuitively associated with anti-vaccine messages. By adding
#antivax, #antivaxxer, and other similar anti-vaccine-related
hashtags to their tweets, pro-vaccine communities used these
hashtags in large numbers to draw attention to pro-vaccine
messages with anti-vaccine keywords (Table 4). In one case,
they used it to enhance the pro-vaccine messages, typically by
attaching this hashtag to pro-vaccine explain messages intended
for vaccine hesitant users. In another case, hashtag hijacking
tied the hashtag to satirical messages related to anti-vaccine
individuals’ actions. The pro-vaccine message distorts the
anti-vaccine message with a quote or a reply or somehow ties
their narrative to a specific anti-vaccine incident. Furthermore,
in some uses of the hashtags, pro-vaccine users engaged
anti-vaccine users to condemn or insult them for either spreading
disinformation or other anti-vaccine behavior.

Table 4. Hashtag hijacking: usage count of anti-vaccine–related hashtags by pro-vaccine users.

After rollout (n=768), nDuring rollout (n=1221), nBefore rollout (n=2218), nHashtag

5260antivaccination

684755antivaccine

247281457antivax

035antivaxer

131126antivaxers

635483antivaxx

6239133antivaxxer

3107601459antivaxxers

Anti-Vaccine Communities—Narrative Maneuvers
In the week leading up to the vaccine approval and distribution,
users were already expressing their COVID-19 anti-vaccine
views on social media. The most popular types of messages
were the emotionally appealing dismay messages about side

effects from the vaccine. Anti-vaccine users shared messages
about how the vaccine causes female infertility, destroys the
immune system, or leads to death. These messages were further
enhanced with references to scientists, doctors, former Pfizer
representatives, and politicians. In many of these messages, the
side effects were explained using plausible arguments and
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pseudoscientific methods and information. To counter
pro-vaccine messages, anti-vaccine proponents attempted tactics
such as dismissing the vaccine effectiveness, suggesting that a
person’s immune system is more than sufficient against the
virus. They also countered with the distract maneuver, which
uses misdirection by making other topics seem more important.
In one example, the 3 US Presidents volunteering for the vaccine
mentioned earlier sought to build confidence. However,
opponents of the vaccine focused on distracting their audiences
with negative political news from the Presidents’pasts relations
with China. These insinuated negative links between the
Presidents and the country where the virus first began to spread.
In another narrative, messages specifically targeting pro-life
supporters described the use of fetal cells derived from an
abortion during the vaccine development process. These began
as dismay messages to anger pro-life supporters about its use
and then was supported with explanations on how the different
vaccines used the fetal cells in different phases of the process,
making some vaccines more ethical than the others. Proponents
then enhanced these messages by attaching supportive messages
from major religious organizations.

During the rollout, anti-vaccine narratives continued to
emphasize many of the negative aspects of the vaccine. Still,
many dismaying messages about the vaccine side effects
dominated anti-vaccine conversations. New explaining messages
to support these dismaying claims included citing the vaccines’
published lists of adverse effects and a cost-benefit analysis on
the benefits versus the severe reactions resulting from getting
the vaccine. Again, these were enhanced and validated with
statements from medical professionals and scientists. Additional
dismaying messages emerged as popular during this early period.
Topics included news reports for the vaccine causing false
positives for HIV, government cautions for allergic reactions
to the vaccines, claims that the vaccine is not Halal certified
under Islamic dietary laws, and negative experiences from those
who participated in the vaccine trials. Distort messages, or
discussion that alters the main message, helped anti-vaccine
messages counter many positive pro-vaccine narratives and
propagate anti-vaccine conspiracy theories. They countered the
scientific facts about the construct of the vaccine with the lack
of peer-reviewed literature to support it, spread manipulated
images of Dolly Parton purporting that the vaccine caused her
to have Bell’s palsy, and suggested that the mRNA vaccines
contain nanobots and can change a person’s DNA. Furthermore,
general anti-vaccine messages from both medical and
nonmedical users within this community engaged online to
express their distrust with the vaccine and recommend not
getting the shot without knowing the long-term safety data.

After the rollout, the decrease in anti-vaccine users resulted in
spreading fewer anti-vaccine messages. By this time, Twitter
removed many anti-vaccine users and their messages for
violating their policy on spreading false or misleading
COVID-19 vaccine information. The messages that remained,
however, were still primarily dismaying and distorting messages
about the adverse side effects and deaths resulting from
vaccinations. Despite the Twitter policy, several distorting
conspiracy theories such as vaccines connecting one’s body to
cryptocurrency and altering DNA still appeared in the data set.

Furthermore, users continued to engage their audiences more
practically by expressing hesitancy for a quickly developed
vaccine without data on its long-term effects.

BEND—Network Maneuvers
Using the messages, we identified instances of the communities
engaging in network maneuvers. Network maneuvers alter the
structure of the network by encouraging connections or
disconnections between users. In Twitter, one effective tool and
indication of a network maneuver is the use of mentions. These
types of maneuvers, however, can exist without them.

There were several ways that pro-vaccine communities engaged
in network maneuvers. The most common maneuvers were
building and boosting, used for creating a group or to grow the
size of a group, respectively. The primary goal for pro-vaccine
communities was to urge others to get the vaccine under the
premise that the more people who supported and received the
vaccine, the sooner the pandemic would end. Simultaneously,
these groups engaged in the counter maneuver of narrowing
and neglecting to reduce the size of or marginalize the opposing
anti-vaccine community. One of the most effective actions for
group reduction was using the nuke maneuver to dismantle or
show the appearance of a dismantled anti-vaccine community.
Twitter attempted this maneuver when it created its policy
against COVID-19 vaccine disinformation, affecting the entire
after-rollout period data set. Another common network
maneuver was backing, which is an action that increases the
importance of leaders or creates new leaders. Pro-vaccine users
showed support for government officials, leaders in the medical
field, health organizations, and vaccine manufacturers with
positive messages and references to these leaders or
organizations.

The anti-vaccine community conducted similar network
maneuvers to the pro-vaccine community. They aimed to build
and boost their group and reduce the pro-vaccine community
using narrowing and neglecting. This community, however,
did not have as many leaders as its opponents. The few that they
backed included critics of pro-vaccine policies such as an
ex-Pfizer vice president, politicians, and scientists who
petitioned against the vaccine for safety concerns. Anti-vaccine
users, however, had a large selection of leaders that they
attempted to neutralize or decrease in importance. These
opposing leaders were largely the same people and organizations
the pro-vaccine community backed.

Social-Cyber Maneuvers Applications Over Time
The different narratives and BEND maneuvers from each stance
community were associated with one or more application
categories. Though each community used different content for
their messaging, they used roughly the same techniques. Many
of these techniques are used in combination over time to develop
more impactful influence campaigns.

Over time, pro-vaccine communities consistently used mostly
positive narrative content in their messaging while applying a
pattern of developing their narrative, using emotional influence,
and countering the opposing community’s narrative (Figure 4).
Excite messages combined with the narratives about the
approval, distribution, and administration of the vaccine were
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among the highest types of propagated tweets among the 3
periods. The second highest categorization of tweets developed
the narrative of creating the vaccine using science-based research
to build confidence in its safety and effectiveness. This narrative
was also used as content to counter anti-vaccine narratives that

were often fake or pseudoscience. Furthermore, we found that
directly countering anti-vaccine narratives became less common
over time as the number of anti-vaccine messages decreased
and the primary pro-vaccine narratives became prevalent.

Figure 4. Social-cyber maneuvers and narratives for top 100 most propagated pro-vaccine tweets.

Because the anti-vaccine community did not have prominent
leaders to neutralize, the pro-vaccine community regularly
focused on backing the leaders within their own community,
such as government officials, health organizations, and vaccine
manufacturers. The pro-vaccine community also attempted to
expand their group by using hashtag hijacking. Though few
instances occurred within the top 100 most propagated tweets,
hashtag hijacking still occurs throughout the data set, as shown
in Table 4. Finally, although there were many attempts to reduce
the anti-vaccine community through varying narratives,
Twitter’s policy to counter anti-vaccine disinformation before
the last time period created the most apparent change in network

structure. The result was the decrease in accounts that typically
propagated offensive disinformation and subsequently large
amounts of anti-vaccine tweets.

Across the 3 time periods, the anti-vaccine community also
used different combinations of the maneuvers and applications
to sway their audience (Figure 5). They primarily developed
their narrative and countered pro-vaccine messages using
multiple maneuvers, heavily relying on the negative emotional
influence using dismaying messages to highlight the side effects,
long-term effects, and conspiracy theories. Anti-vaccine users
also aimed to affect the relationships of leaders of both
communities. They aimed to discredit the leaders of the
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pro-vaccine community while highlighting the negative
messaging of medical professionals and scientists within their
own community. During the first 2 periods, these themes
appeared consistently. However, after the rollout following the
removal of anti-vaccine accounts and messages, negative side

effect type of messages emerged as the dominant narrative.
Because of the decrease in messages, it would be difficult to
speculate about the types of anti-vaccine maneuvers that may
have otherwise prevailed during the later period.

Figure 5. Social-cyber maneuvers and narratives for top 100 most propagated anti-vaccine tweets.

Discussion

Principal Findings
The results in this study showed the differing characteristics of
pro-vaccine and anti-vaccine communities on Twitter and how
they manipulated narratives and the online network structure
to convince users whether to vaccinate against COVID-19. Both
groups of users used many of the same approaches but varied
in the extent to which they applied each maneuver. They sought
to build their communities while, at the same time, attempting
to reduce the size of the opposing community by maneuvering
as appropriate to fit their narratives. Pro-vaccine supporters
tweeted excite and explain messages to encourage vaccination,
whereas anti-vaccine users relied on the negative dismay and
distort messages with narratives related to side effects and death.
Pro-vaccine users also backed the prevalent leaders within their
group, of whom anti-vaccine users targeted and attempted to
neutralize. Furthermore, platform policies showed their ability

to effectively nuke the anti-vaccine community by reducing the
size of the online community and the quantity of anti-vaccine
messages.

The majority of top super spreaders and super friends for each
of the analyzed time periods were pro-vaccine users.
Government leaders, medical organizations and professionals,
vaccine manufacturers, and, in the later period, less-mainstream
community leaders emerged as pro-vaccine leaders, effectively
reaching a higher number of users and engaging in more 2-way
conversations. Additionally, bots had a sizeable presence within
each community. We observed a larger percentage of bots within
the anti-vaccine community than the pro-vaccine community,
and among the top 100 key influencers for each community
over time, the anti-vaccine community had more bots as super
spreaders and super friends. Before Twitter’s vaccine
disinformation policy, they reached as high as 24% and 16%
of the top 100 anti-vaccine super friends and super spreaders,
respectively, before the rollout. The anti-vaccine community
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utilized bots to a greater extent to build their communities and
spread their narratives than did the pro-vaccine community,
effectively positioning them as key influencers among
anti-vaccine users.

Pro-vaccine users repeated many of the same maneuvers
throughout each time period, varying in different narratives that
emerged as the rollout occurred. Many of the maneuvers were
positive or growth-type maneuvers. They developed narratives
around science-based facts explaining the safety and
effectiveness of the vaccine and emotionally influencing
narratives that excited their audiences about the health and
societal benefits of everyone receiving the vaccine and, to a
lesser extent, dismayed them with the fatal consequences of not
vaccinating. Many of the topics used to develop these narratives
were also used to counter anti-vaccine messages. As many
anti-vaccine conversations revolved around side effects and
conspiracy theories, pro-vaccine proponents rebutted with facts
to explain the errors in these messages. These narratives were
used consistently by highly connected leaders within the
community and actors that maintained a high profile apart from
Twitter, such as government leaders, news organizations, and
medical professionals. Pro-vaccine users tended to back
government officials and health organizations with positive
messaging to build confidence in the proponents of the vaccine
as well as the vaccine itself.

Throughout each of the time periods, the anti-vaccine
community used similar maneuvers to those the pro-vaccine
community used but with a greater frequency of the negative
or reducing-type maneuvers. They developed focused narratives
and countered pro-vaccine messaging to increase hesitancy and
doubt. Their most consistent technique was using dismaying
messages of the adverse side effects, the uncertainty of the
long-term effects, and vaccine deaths. Conspiracy theories about
the vaccine also added to the anti-vaccine narrative. Users
attempted to neutralize pro-vaccine leaders by discrediting them
and their associated messaging, and they backed leaders who
criticized the vaccine and encouraged others not to get the
vaccine.

Finally, as the host for the pro-vaccine and anti-vaccine
engagements, Twitter is in a unique position with the ability to
filter the discussion on their platform. Their policy to remove
misleading and false anti-vaccine nuked the anti-vaccine
community by significantly reducing the number of anti-vaccine
users and tweets that had grown at the time of the rollout. The
social media site made a policy to fight disinformation, which
resulted in supporting the pro-vaccine effort to reduce the size
of the anti-vaccine community and messaging.

Limitations
One major limitation was the ability for the stance detection to
separate the nodes into pro-vaccine and anti-vaccine
communities. First, many pro-vaccine maneuvers use neutral
hashtags. Second, anti-vaccine mean confidence levels for each

time period were lower than those for pro-vaccine, with the
after-rollout data only reaching as high as 67%, even after
multiple iterations of hashtag labeling. Third, hashtag latching
made stance selection difficult as some hashtags commonly
used for pro- or anti-vaccine messages were used to gain the
attention of members of the other community. Therefore, further
study is required for improving the separation between pro- and
anti-vaccine agents and tweets.

A second limitation is the ability of ORA-PRO to detect BEND
maneuvers. This required manual verification of select entities
within the data set. Newer versions of ORA-PRO continue to
refine the metrics to better identify some of the maneuvers,
especially network maneuvers, that occur over time. The results
of this study inform the specifications and thresholds for
improving the software.

Finally, many tweets and users that existed during the initial
data collection were either deleted or suspended due to Twitter
Rules violations. This made it difficult for observing historical
tweets with their associated images and videos as well as
visualizing tweets with replies and mentions within the Twitter
environment.

Conclusions
In this paper, we analyzed how pro-vaccine and anti-vaccine
communities around the initial COVID-19 vaccine
administration attempted to persuade others of their stance under
the BEND maneuvers framework. The BEND maneuvers
allowed us to examine the different techniques used by each
community. We observed the actions of different types of key
actors within the different groups and analyzed their varying
techniques. Additionally, we examined the main concepts and
messages of tweets tweeted within each community and the
extent they acted as each of these social-cyber maneuvers. These
maneuvers were combined into application categories to gain
a macro-level understanding of how the maneuvers were used
in combination as an overarching influence campaign over time.

Real world events influence online discussions, and over time,
the changes in these conversations reflect changes in beliefs. In
this case, the efforts of these 2 communities can lead users to
either vaccinate themselves against COVID-19 or not, possibly
changing the direction of the pandemic. Future work should
look at how these changes in beliefs mobilize into changes in
behavior. Furthermore, though many influencing actions result
from users interacting with other users, the policies that govern
the use of social media can impact the size of a community and
their ability to spread their narrative throughout the network.
Therefore, research to regularly detect and evaluate the
effectiveness of social-cyber maneuvers and make pointed
network structure alterations based on specific narratives is
needed to understand the consequences of different interventions
and implement better policies to impact influence campaigns
on social media.
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Abstract

Background: Per- and polyfluoroalkyl substances (PFAS) are environmental contaminants that have received significant public
attention. PFAS are a large group of human-made chemicals that have been used in industry and consumer products worldwide
since the 1950s. Human exposure to PFAS is a growing public health concern. Studies suggest that exposure to PFAS may
increase the risk of some cancers and have negative health impacts on the endocrine, metabolic, and immune systems. Federal
and state health partners are investigating the exposure to and possible health effects associated with PFAS. Government agencies
can observe social media discourse on PFAS to better understand public concerns and develop targeted communication and
outreach efforts.

Objective: The primary objective of this study is to understand how social media is used to share, disseminate, and engage in
public discussions of PFAS-related information in the United States.

Methods: We investigated PFAS-related content across 2 social media platforms between May 1, 2017, and April 30, 2019, to
identify how social media is used in the United States to seek and disseminate PFAS-related information. Our key variable of
interest was posts that mentioned “PFAS,” “PFOA,” “PFOS,” and their hashtag variations across social media platforms. Additional
variables included post type, time, PFAS event, and geographic location. We examined term use and post type differences across
platforms. We used descriptive statistics and regression analysis to assess the incidence of PFAS discussions and to identify the
date, event, and geographic patterns. We qualitatively analyzed social media content to determine the most prevalent themes
discussed on social media platforms.

Results: Our analysis revealed that Twitter had a significantly greater volume of PFAS-related posts compared with Reddit
(98,264 vs 3126 posts). PFAS-related social media posts increased by 670% over 2 years, indicating a marked increase in social
media users’ interest in and awareness of PFAS. Active engagement varied across platforms, with Reddit posts demonstrating
more in-depth discussions compared with passive likes and reposts among Twitter users. Spikes in PFAS discussions were evident
and connected to the discovery of contamination events, media coverage, and scientific publications. Thematic analysis revealed
that social media users see PFAS as a significant public health concern and seek a trusted source of information about PFAS-related
public health efforts.

Conclusions: The analysis identified a prevalent theme—on social media, PFAS are perceived as an immediate public health
concern, which demonstrates a growing sense of urgency to understand this emerging contaminant and its potential health impacts.
Government agencies can continue using social media research to better understand the changing community sentiment on PFAS
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and disseminate targeted information and then use social media as a forum for dispelling misinformation, communicating scientific
findings, and providing resources for relevant public health services.

(J Med Internet Res 2022;24(3):e25614)   doi:10.2196/25614

KEYWORDS

PFAS; per- and polyfluoroalkyl substances; social media; public perceptions

Introduction

Background
Per- and polyfluoroalkyl substances (PFAS) are a large class
of manufactured chemicals that have been widely produced and
used in industry and consumer products such as nonstick
cookware, water-repellent clothing, stain-resistant fabrics,
carpets, and other items since the mid-20th century [1-3]. The
most commonly studied PFAS are perfluorooctanoic acid
(PFOA) and perfluorooctane sulfonic acid (PFOS) followed by
perfluorohexane sulfonic acid and perfluorononanoic acid.
Chemical companies and other industry manufacturers began
phasing out the use and manufacture of the PFOA and PFOS
variants in the early 2000s [2,3]. However, PFAS persist in the
environment, especially in certain foods, water sources, people,
and wildlife worldwide owing to their long biological half-lives
[4]. Some communities nationwide have been and likely will
continue to be exposed to drinking water contaminated with
PFAS owing to both new and historical exposure [4-7]. Research
examining the impact of PFAS has varied; however,
some studies indicate that exposure to certain PFAS may
increase the risk of some cancers and have negative health
impacts on the endocrine, metabolic, and immune systems
[3,5-7]. In recent years, PFAS as environmental contaminants
have received significant public attention owing to emerging
evidence of widespread PFAS contamination, the development
of new state and federal drinking water PFAS guidelines, and
a handful of newly released PFAS-focused documentaries and
news stories [8-13].

One way to assess and understand the increase in public
attention to PFAS is to investigate PFAS-related activity on
various social media platforms. Social media is a broad term
used to describe web-based platforms that allow individuals as
well as representatives of institutions (such as news media,
government agencies, nongovernmental organizations, and
advocacy groups) to publish content and connect with other
users. Widespread adoption of social media apps has
fundamentally changed the way the public disseminates and
shares information [14]. In the past decade, social media
platforms have been used to monitor disease outbreak patterns
and communicate information to the public during emergency
responses for bubonic plague, swine flu, seasonal influenza,
and West Nile virus disease [15-21]. As today’s digital activity
increases, the use of social media platforms to find and share
information about public health issues continues to grow.

Some studies have explored the use of social media to
communicate information about emerging health concerns such
as the health effects of e-cigarettes [19-22]. A recent study [21]
observed that Reddit posts included an abundance of requests
looking for healthy alternatives to e-cigarettes and that Twitter

posts tended to focus on information seeking related to
regulations and policy debates around e-cigarettes. Variation
in information seeking and discussion by platform suggests that
some platforms may be more successful than others for
government agencies in the reach and delivery of public health
information and interventions. Therefore, it is important to
analyze data from different social media platforms to gain a
better understanding of social media users’perceptions of PFAS.

Objectives
Although we are not aware of any studies investigating
PFAS-related social media activity, we believe that observing
American social media users’ attitude toward PFAS across
various platforms has the potential to help government agencies
better understand public concerns, prevent and address the
spread of misinformation, respond to new PFAS-related
incidents, and develop targeted communication and outreach
efforts, as demonstrated in other studies targeting different
health issues [23,24]. This social media research aims to increase
understanding of the public’s perception of PFAS and inform
how best to reach affected communities with the appropriate
health information and environmental health prevention services.
The public receives health information from various sources
and stakeholders. It is important to understand how perceptions
of and dialogue about those sources may affect government
agencies’ability to effectively communicate health information.
By conducting social media research and analysis of
PFAS-related posts, government agencies and other partner
organizations may become better equipped to respond to public
concerns, questions, and requests.

This study has three objectives: (1) to understand how social
media is used to share, disseminate, and engage in public
discussions of PFAS-related information in the United States;
(2) to identify common themes within PFAS-related mentions
across social media platforms; and (3) to identify how social
media engagement relates to various news events to better
anticipate when and where to target outreach efforts using social
media.

Methods

Data Collection
We first selected seven social media platforms—Facebook,
Twitter, Reddit, YouTube, Nextdoor, Imgur, and Pinterest—that
are likely used by the public to share environmental
health–related information and investigated the availability and
quality of data from these platforms across a recent 2-year
window from May 1, 2017, to April 30, 2019. We focused our
analysis on a 2-year window based on 2 primary factors. The
first is an increase in media attention to PFAS in late 2017. The
second is the dynamic and fluid nature of social media
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environments and the internet more broadly. Accordingly, we
focused on a recent 24-month period that would enable sufficient
time to identify patterns. Owing to the identified challenges in
the collection, processing, and comparison of the data associated
with these disparate social media platforms, we tailored our
data collection to focus on Twitter and Reddit, the 2 platforms
that provided access to data and metadata, allowing us to achieve
the study objectives. We extracted the data on August 7, 2019,
for Twitter (N=98,264) and Reddit (n=3126) through the use
of NetBase (NetBase Solutions Inc), a third-party software
vendor that facilitated access to the platforms’ full-stream
application programing interfaces (eg, firehose application
programing interfaces), which included all publicly available
content (ie, not content from private accounts) featuring our
identified key terms defined below within our specified time
frame. On the basis of the scope of our research questions, we
did not collect PFAS-related content posted from countries other
than the United States.

Ethics Approval
The data used for this study were based on publicly available
information only and, thus, the study was determined to be
exempt from the Centers for Disease Control and Prevention
Institutional Review Board approval.

Variables of Interest
Our key variable of interest was posts on PFAS or common
alternatives, including PFOA, PFOS, and the hashtag derivatives
of each term (#PFAS, #PFOA, and #PFOS) across social media
platforms. These key term variables were selected based on
their more prominent volume and use as identified in an initial
exploration of PFAS-related key term frequency during the
same time frame on Google Trends (data accessed on June 19,
2019).

Posts were classified as either original posts or engagement
posts. Original posts were defined as first-instance comments.
Engagement posts were secondary posts in the form of a reply
or comment (including retweets on Twitter) to an original post.
We acknowledge that these types of posts are different; however,
we chose to aggregate at the engagement level so that
engagement could be compared across platforms. On the basis
of the study goals, additional variables of interest included post
type, Twitter likes, date of post, and PFAS event or geographic
location of social media user. Below are the key variables and
their associated definitions.

• PFAS post (binary): a post, tweet, or comment on social
media platforms that uses one or more of the terms
PFAS,PFOA, or PFOS

• Post type (binary):original posts refers to first-time
comments.Engagement posts refers to any reply, comment,
or retweet that responds to or engages with an existing
comment. The engagement ratio is the proportion of
engagement posts to original posts. Engagement posts are
defined similarly across different social media platforms,
although they may be referred to with platform-specific
language (eg, a retweet on Twitter)

• Likes (count): specific to Twitter data,likes indicates the
number of Twitter users that clicked on like on a tweet

• Date (continuous): the day, month, or year of a tweet, post,
or comment

• Geography (categorical): the national jurisdiction location
of a PFAS-related post

Although original posts measure message reach, engagement
posts measure interactive dialogue among social media users.
Engagement ratio is defined as the proportion of engagement
posts to original posts, which is an indicator of the degree of
engagement by users via replies to, comments on, or retweets
of an original post. For example, an engagement ratio of 2
suggests that users were 2 times more likely to reply to,
comment on, or retweet an existing post than to generate an
original post.

We manually reviewed 3 random samples (n=500) of the data
sets to identify keywords or phrases for cleaning irrelevant or
misleading data. This manual review was used to implement
rule-based removal of similar irrelevant or misleading content
throughout both data sets. Irrelevant data accounted for <1%
of Twitter (254/98,264, 0.26%) and Reddit (18/3126, 0.58%)
data. Examples of removed content included advertisements
for various cookware products with marketing language such
as PFOA-free and irrelevant posts of PFAs, an acronym for
protection from abuse referencing an unrelated domestic
violence abuse order.

Quantitative Analysis
We analyzed and identified unique attributes of public
engagement across each platform. We used descriptive statistics,
including counts and frequencies of the key quantitative
variables, to assess the incidence of PFAS discussions and to
identify time, geographic, and entity patterns. We explored
PFAS-related posts over time to identify spikes and assess their
association with PFAS-related events. We obtained maps of
tweets and Reddit posts by geographic area using a data
visualization package (ggplot2) in the statistical software R (R
Foundation for Statistical Computing) [25].

The purpose of the geographic analysis was to demonstrate
which states had the highest number of PFAS-related posts
broken down by original and engagement posts, count
percentage, and the engagement to original post ratio for each
state. Understanding geographic patterns in PFAS-related posts
more broadly can help government agencies develop future
outreach efforts.

That said, geographic metadata are not always provided by a
given social media platform. For this analysis, we identified
geographic information for tweets based on state-level
geographic data available in an individual user’s profile.
However, Reddit data did not provide geographic metadata for
users’ posts. To approximate geographic concentrations of
Reddit data, we built a complementary proxy using text analysis
of geographic subreddit identification (eg, r/Michigan) and user
mentions of specific jurisdictions. To complement geographic
approximation, we also conducted a scan of post titles that
directly referenced a specific geographic location. Although not
providing an exact comparison, geographic analysis through
these 2 approaches provided insight into potentially underlying
differences in PFAS conversations by geography. To account
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for population variance across states, we normalized the data
using 2010 census data to provide a proportional jurisdiction
ratio of per 100,000. Our dissimilar approach to obtaining
geographic information, coupled with variance in sample sizes
between the 2 platforms, is likely to influence geographical
findings and related conclusions.

Qualitative Analysis
We used the constant comparison method based on grounded
theory [26,27] to inductively analyze posts and comments,
coupled with deductive analysis to identify and analyze major
discussion themes on social media platforms. A total of 3 people
used Microsoft Excel to individually open code 3 subsets of
randomly sampled text (1500 in total; 500/1500, 33.33% per
subset) for common themes, cross-validation, and collective
refinement of themes. Through an iterative process, some coding
categories were collapsed into larger concepts until no further
themes emerged in the subsequent analysis, suggesting that we
had reached saturation of themes. The team subsequently
developed search criteria with a unique set of keywords for each
theme based on the initial open coding process (see the Thematic
Analysis section for example keywords for each theme). Themes
were not mutually exclusive and, therefore, each unit of analysis
had the potential to be counted across multiple themes.

Mixed Methods Analysis
As a follow-up to the qualitative analysis, we conducted a series
of regression analyses to test whether posts containing words
from the search criteria established in the qualitative analysis
differed from one another and from posts that did not use the
search criteria in terms of their level of engagement on the
Twitter and Reddit platforms. Search criteria were used to
separate posts into thematic groups, and the relationship between
these nonexclusive groups was established on two indices
measuring user engagement: categorization as a reply to an
original post and number of likes on Twitter. The data set used
for comparison included only social media users of the Twitter
and Reddit platforms. The level of analysis was posts and
comments, and the unit of analysis was comment or post and
not individual users.

The analyses consisted of a logistic regression to examine the
effect of the 3 thematic groups on a binary outcome of original
posts versus engagement posts. In other words, the logistic
regression analysis compared each of the 3 themes to one
another in terms of the relative quantity of engagement posts
to original posts (ie, level of engagement). In addition, we
conducted a Poisson regression analysis to look at the effect of
the same predictors on a count outcome representing the number
of likes that a tweet received on Twitter, a secondary indicator
of user engagement. As likes is a metric that is unique to Twitter
and the sample of Reddit data was much smaller than the Twitter
sample, these follow-up mixed methods analyses were limited
to the Twitter data. We were unable to conduct the same
analyses among Reddit data as we did not have access to upvote
or downvote information, a measure used to demonstrate that
a user likes or dislikes a post. Furthermore, the smaller number
of posts for Reddit provided much lower statistical power than
the Twitter data, and the limitation for post length for Twitter
and not for Reddit limited our ability to compare the 2 platforms.

Results

Platform Volume, Post Type, and Term Use
As seen in Table 1, there were a total of 101,390 PFAS-related
posts on Twitter and Reddit during the 2-year window. Twitter
had a significantly greater volume of PFAS-related posts
compared with Reddit (98,264 vs 3126).

Understanding PFAS-related term use clarifies how social media
users were interfacing with PFAS-related conversations on
social media. Among Twitter data, social media users used the
term PFAS in 73.81% (72,528/98,264) of all posts compared
with PFOA (21,545/98,264, 21.93%) and PFOS (10,183/98,264,
10.36%). Given that a post may include multiple terms, the
aggregate total resulted in a value of >100%. We saw a different
pattern of term use among Reddit posts whereby users most
mentioned the term PFOA (1767/3126, 56.53%) followed by
PFAS (1540/3126, 49.26%) and PFOS (974/3126, 31.16%;
Figure 1).

Table 1. Counts of observations by social media platform.

Total, n (%)Engagement postsa, n (%)Original posts, n (%)

Platform

98,264 (100)61,469 (62.55)36,795 (37.44)Twitter (tweets)

3126 (100)2702 (86.44)424 (13.56)Reddit (posts)

101,390 (100)64,171 (63.29)37,219 (36.71)Total

aEngagement posts include all replies and retweets.
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Figure 1. Key term distribution across all posts by social media platform (Twitter: N=98,264; Reddit: N=3126). PFAS: per- and polyfluoroalkyl
substance; PFOA: perfluorooctanoic acid; PFOS: perfluorooctane sulfonic acid.

Timing and Event Analysis

Overview
The volume of posts over time underscores a collective rise in
interest in and awareness of PFAS. Driving this increase were

9 notable spikes in the volume of public discussion of PFAS (3
on Twitter and 6 on Reddit). We evaluated the data
retrospectively and conducted text analysis to determine the
primary PFAS-related topics and events mentioned in the posts
associated with the spikes (Figure 2).

Figure 2. Number of per- and polyfluoroalkyl substance (PFAS)-related Twitter and Reddit posts by date with annotated events. EPA: Environmental
Protection Agency.

Twitter Spikes and Events
The 3 primary spikes in PFAS-related discussions on Twitter
occurred in May 2018, July 2018, and February 2019. The
content analysis of posts during these periods revealed that the

spike in May 2018 was attributed to the high volume of posts
about the US Environmental Protection Agency (EPA) National
Leadership Summit (which happened in May 2018). In July
2018, a smaller but notable spike occurred that was attributed
to discussions of a ProPublica article on government responses
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to PFAS [28] and a local news article about the PFAS water
contamination in Parchment, Michigan [29]. Finally, the spike
in February 2019 corresponded with the release of a PFAS
action plan by the EPA and greater national-level reporting on
PFAS by mainstream publications, such as The New York Times
articles on PFAS exposure in military families [30] and
government response [31]. In several instances, spikes occurred
simultaneously or were slightly delayed across platforms,
indicating the potential for a sustained discussion over time and
across platforms of critical PFAS events.

Reddit Spikes and Events
The 6 primary spikes in PFAS-related discussions on Reddit
occurred in June 2017, May 2018, August 2018, November
2018, January 2019, and March 2019. The June 2017 spike was
primarily related to the publication and release of a
peer-reviewed study in Environmental Pollution on PFAS
exposure in the mid–Ohio River Valley from 1991 to 2012 [32].
The spike in May 2018 was attributed to the high volume of
posts about the US EPA National Leadership Summit. A
noticeable spike in Reddit activity in August 2018 was related
to the publication of 2 different media articles. One was from
ProPublica on government response [28], the same article found
in the Twitter July 2018 spike. The other article was from MLive,
a local Michigan news site, focused on governmental action
toward PFAS contamination [5]. The reprinting of the
ProPublica article [28] by CNBC on November 12, 2018, led
to an increase in Reddit activity, with numerous users posting
links to and comments about the article within the subreddit
r/news. Another noteworthy increase in PFAS-related Reddit
activity was largely in response to a peer-reviewed study
published in January 2019 in the Journal of Exposure Science

and Environmental Epidemiology on serum concentrations of
PFAS and exposure-related behaviors in African American and
non-Hispanic White women [33]. Finally, the March 2019 spike
was associated with 2 media articles on the regulatory process
of the EPA and PFAS exposure in military families from The
Guardian [34] and The New York Times [30], respectively.

Geographic Analysis

Twitter Geographic Analysis
We examined the pure volume of tweets, including both
engagement and original, irrespective of state population,
revealing that 15.83% (15,560/98,264) of the tweets occurred
in Michigan followed by New York (7765/98,264, 7.9%),
District of Columbia (DC; 6822/98,264, 6.94%), California
(6075/98,264, 6.18%), and New Hampshire (4262/98,264,
4.34%). However, this measure of pure tweet volume does not
account for differences in population sizes across jurisdictions.
Figure 3 incorporates data from the 2010 US census to provide
a normalized comparison of tweets per 100,000 people by state.
Once normalized, DC rose to 1133 tweets per 100,000, nearly
4 times that of New Hampshire with 323 tweets per 100,000.
The remaining three top-ranking states were Michigan, Vermont,
and Rhode Island with 157, 112, and 56 tweets per 100,000,
respectively.

Table 2 highlights the engagement ratio for the top 5
jurisdictions with the highest number of tweets per 100,000
population. Among the 5 jurisdictions with the highest
PFAS-related Twitter volume per 100,000 population, New
Hampshire displayed the highest engagement ratio (2.71)
followed by Rhode Island (2.52), DC (1.23), Michigan (1.2),
and Vermont (0.9).

Figure 3. Choropleth of tweets per 100,000 people by state.
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Table 2. Top 5 jurisdictions with the highest number of tweets per 100,000 population and engagement ratio.

Engagement ratioEngagement posts, NOriginal posts, NTweets per 100,000 population, NJurisdiction

1.23376530571133.74District of Columbia

2.7131131149323.74New Hampshire

1.285017059157.43Michigan

0.9335372112.99Vermont

2.5242316856.15Rhode Island

Reddit Geographic Analysis
Of the 3126 posts in the Reddit data set, 443 (14.17%) contained
jurisdictional information, allowing for geographic analysis.
The remaining 85.83% (2683/3126) did not have any
information for geographic linking. The top five states for
PFAS-related posts by pure volume, including both original
and engagement posts, were Michigan (206/443, 46.5%), North
Carolina (35/443, 7.9%), Pennsylvania (28/443, 6.3%), Ohio
(19/443, 4.3%), and Minnesota (14/443, 3.2%). The top
jurisdictions by Reddit posts per 100,000 population were

Michigan (2.08), Vermont (1.12), Alaska (0.84), Delaware
(0.56), New Hampshire (0.46), North Carolina (0.37), Minnesota
(0.26), and Wisconsin (0.25; Figure 4).

Table 3 highlights the engagement ratio for the top jurisdictions
with the highest number of Reddit posts per 100,000 population.
Minnesota displayed the highest engagement ratio (6) followed
by North Carolina (4), Michigan (3.29), Vermont (2.50), and
Wisconsin (1.80). The engagement ratios for Alaska, Delaware,
and New Hampshire could not be computed (N/A in Table 3)
as the number of original posts was 0 for these states.

Figure 4. Choropleth of Reddit posts per 100,000 people by state.

Table 3. States with the highest number of Reddit posts per 100,000 population and engagement ratio.

Engagement ratioEngagement posts, NOriginal posts, NReddit posts per 100,000 populationJurisdiction

3.29158482.08Michigan

2.50521.12Vermont

N/Aa600.84Alaska

N/A500.56Delaware

N/A600.46New Hampshire

42870.37North Carolina

61220.26Minnesota

1.80950.25Wisconsin

aN/A: not applicable.
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Thematic Analysis
We identified the following three topics as the most prevalent
themes, ordered from most to least commonly mentioned: (1)
social media users discuss PFAS as an immediate public health
concern, (2) social media users desire clarity on government
agencies’ roles related to PFAS, and (3) social media users
discuss general mistrust of PFAS-related information.

Social Media Users Discuss PFAS as an Immediate
Public Health Concern
We defined this theme, hereafter abbreviated as PFAS are a
health concern, by the volume of posts discussing the health
impacts of PFAS. Some of the thematic excerpts included a
discussion of the products known to contain a PFAS derivative
and their associated health effects. Examples of keywords
associated with this theme included hazard, crisis, threat,
exposure, dangerous, unsafe, and risk. Many social media users
believe that PFAS are dangerous human-made chemicals that
contribute to wider environmental and health issues. A
significant portion of the posts associated with this theme
included dialogue on the discovery of new PFAS contamination
sites across the country, breaking news articles or studies
reporting new locations with high concentrations of PFAS, and
concerns for potential adverse health effects from personal
exposure to PFAS. In addition, social media posts containing
this theme often implicitly or explicitly expressed a lack of
clarity on PFAS health effects or uncertainty on where to access
relevant health information. Discussions often included
questions for clarification or requested links to PFAS-related
information.

Social Media Users Desire Clarity on Government
Agencies’ Roles Related to PFAS
We defined this theme, hereafter abbreviated as clarity on
government agencies’roles, by the volume of posts mentioning
government agencies (eg, state and local health government and
federal agencies) and discussing the need for government
leadership for PFAS-related community outreach and
dissemination of standardized information. Examples of
keywords associated with this theme included enforce, state,
regulate, mitigate, and protect. Social media users largely
engaged with PFAS discussions as it related to a desire for more
government participation at the local, state, and federal levels.

Users frequently connected PFAS-related issues and concerns
to contaminated water and drinking water supplies and called
on the government for more active support in producing
evidence-based science to identify and protect the public from
further PFAS exposure. The public’s confusion and uncertainty
on various agencies’ roles in PFAS-related activities provides
an opportunity for government agencies to ensure their
messaging outlines how the actions they are taking will protect
public health.

Social Media Users Discuss General Mistrust of
PFAS-Related Information
We defined this theme, hereafter abbreviated as mistrust of
PFAS information, by the volume of posts discussing mistrust
of the available information related to PFAS. Examples of
keywords associated with this theme included corrupt, greed,
litigation, and accountable. In the last decade, there has been
an exponential increase in scientific literature on the health
effect of PFAS and many ongoing changes in PFAS information,
in part because of jurisdictional attempts and successes in
changing health exposure thresholds [3,5,10]. The data suggest
that many social media users felt unable to determine the
credibility of certain sources of PFAS information, particularly
when conflicting information is presented by media outlets and
various sources. Many users commented on the potential for
political bias in journalism, often looking for authoritative
sources of scientific information. Social media users often
sought to expand their knowledge by discussing PFAS-related
information with other users and expressed an overarching
frustration based on the need to piece together accurate PFAS
information.

Twitter Thematic Analysis
Of the 98,264 tweets, 59,151 (60.2%) received the PFAS are a
health concern code, 29,160 (29.68%) received the clarity on
government agencies’roles code, and 10,431 (10.62%) received
the mistrust of PFAS information code. Of the 98,264 total
tweets, 71,855 (73.12%) received at least one thematic code,
and the remaining 26,409 (26.88%) received no code. As seen
in Figure 5, approximately 47.33% (46,510/98,264) received
exactly 1 code, and 24.22% (23,803/98,264) received 2 codes.
Approximately 1.57% (1542/98,264) received all 3 codes. See
the Thematic Analysis section above for clarification of theme
definitions.
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Figure 5. Overlap of tweets or Reddit posts containing at least one thematic code (Twitter: N=98,264; Reddit: N=3126). PFAS: per- and polyfluoroalkyl
substance.

Reddit Thematic Analysis
Of the 3126 posts in the Reddit data set, 1922 (61.48%) received
the PFAS are a health concern code, 768 (24.57%) received
the clarity on government agencies’ roles code, and 561
(17.95%) received the mistrust of PFAS information code. Of
the complete Reddit data set of 3126 posts and comments, 2225
(71.18%) received at least one code, and 901 (28.82%) received
no code. See the Thematic Analysis section above for
clarification of theme definitions.

As shown in Figure 5, approximately 43.76% (1368/3126)
received exactly 1 code, and 22% (688/3126) received 2 codes.
Approximately 5.41% (169/3126) received exactly 3 codes.

Mixed Methods Analysis
Posts that received the PFAS are a health concern code were
1.59 times as likely as other PFAS-related posts to be
categorized as engagement (ie, a reply, comment, or retweet
that responded to or engaged with an existing comment) rather
than volume (ie, an original post that did not reply, comment,
or retweet a previously existing comment). Posts that received
the clarity on government agencies’roles code (odds ratio 1.35,

95% CI 1.31-1.39) and mistrust of PFAS information (odds ratio
1.36, 95% CI 1.3-1.42) code were also significantly more likely
to be categorized as engagement rather than volume (Table 4).

Post hoc tests showed that posts related to the theme PFAS are
a health concern were significantly more likely to be labeled
as engagement posts compared with posts categorized into the
other 2 themes. However, the themes clarity on government
agencies’ roles and mistrust of PFAS information were
statistically equal in their relative levels of engagement.

The number of likes for a post ranged from 0 to 1447 within
the data set. As shown in Table 5, a post categorized as PFAS
are a health concern was 1.78 times as likely to receive likes
compared with other PFAS tweets. Tweets categorized as
mistrust of PFAS information were 1.35 times as likely to
receive likes. However, the clarity on government agencies’
roles theme received 94% as many likes (incident rate
ratio=0.94; P=.001) when compared with other PFAS-related
tweets. Furthermore, when conducting 2-way post hoc
comparisons across themes, we found that all themes were
statistically significantly different from one another in terms of
how often they received likes by Twitter users.

Table 4. Logistic regression results of engagement on thematic categories.

ValuesVariable

ORa (95% CI)P valueZEstimate (SE)

—b<.00111.260.12 (0.01)Intercept

1.59 (1.54-1.63)<.00134.110.46 (0.01)PFASc are a health concern

1.36 (1.3-1.42)<.00113.650.31 (0.02)Mistrust of PFAS information

1.35 (1.31-1.39)<.00120.120.3 (0.01)Clarity on government agencies’ roles

aOR: odds ratio.
bOdds ratio not provided for intercept.
cPFAS: per- and polyfluoroalkyl substance.
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Table 5. Poisson regression results of likes on thematic categories.

ValuesVariable

IRRa (95% CI)P valueZEstimate (SE)

0.11 (0.1-0.11)<.001−135.40−2.25 (0.02)Intercept

1.78 (1.71-1.84)<.00131.090.57 (0.02)PFASb are a health concern

1.35 (1.29-1.41)<.00112.740.30 (0.02)Mistrust of PFAS information

0.94 (0.91-0.98).001−3.27−0.06 (0.02)Clarity on government agencies’ roles

aIRR: incident rate ratio.
bPFAS: per- and polyfluoroalkyl substance.

Discussion

Social Media Data Usability for Public PFAS Interest
Analysis
There were several challenges identified in the collection,
processing, and comparison of data associated with the original
7 disparate social media platforms we sought to evaluate. Owing
to data access restrictions on Nextdoor, we could not collect
any PFAS-related mentions at all on the platform nor could we
capture aggregated or descriptive statistics of PFAS mentions
from the platform. On Pinterest, we ran into limitations
collecting PFAS mentions with required metadata (eg, time and
regions across the United States), which removed the data’s
potential comparative value. Attempts at data collection on
YouTube and Imgur did not reveal substantial user mentions
of PFAS-related key terms during the period of analysis. The
full sample from YouTube included <300 videos, and Imgur
featured a single post.

Although Facebook can be a valuable data source for analyzing
social media use, Facebook only enables data to be collected
from preidentified public pages. Therefore, we determined that
it was not appropriate to include Facebook data in this
untargeted analysis that aimed to explore and analyze the general
patterns and uses of social media for PFAS-related topics. Given
these challenges, we focused our analyses on two
platforms—Twitter and Reddit—based on similarities in
metadata and relatively large sample sizes.

Use Trends Across Social Media Platforms
Social media data provide a lens to understand perceptions about
rising public health phenomena (see the Limitations section for
further discussion of social media user population
representativeness). Comparing the availability of PFAS-related
data and metadata on different social media platforms and the
Twitter and Reddit findings, our analysis indicates variation in
post volume by platform. Our research over the 2-year period
shows increasing public dialogue on PFAS. Although there are
several other platforms that can contain meaningful insights
into public perceptions of PFAS, for this analysis, Twitter and
Reddit were the most appropriate for understanding geographic
trends and theme sentiment. Although Facebook is the most
widely used social media network [35] and can be a valuable
data source for analyzing social media use, Facebook only
enables data to be collected from preidentified public pages.
Therefore, Facebook data can be suitable for a targeted research

approach whereby researchers first select specific public
Facebook pages associated with topics of interest and then
collect data from those pages. This data retrieval restriction
limits the use of Facebook for broad identification of related
content across the entire platform and detecting general use
trends.

The rising volume of posts across Twitter and Reddit and the
growing visibility of PFAS across local and national news
suggest an increasing interest in PFAS-related information.
Considering each of the social media sources initially examined
for this study, Twitter was the predominant platform for
PFAS-related posts, likely owing in part to its ease of use in
sharing ideas, real-time information, and trending news.
However, despite having a relatively larger proportion of
original posts, users engaged more frequently with Reddit posts,
suggesting a more interactive platform. On the basis of our
content analysis, Reddit users often provided their impressions,
opinions, and perceptions of PFAS-related topics with other
users. Individuals using Reddit to discuss PFAS tended to
engage in follow-up discussions with the goal of gaining
additional factual or anecdotal information or to provide
additional resources. These differences in posts across social
media platforms provide an initial understanding of the ways
in which government agencies can further investigate PFAS
sentiment among social media users. Through the themes that
this research identified, our findings suggest that social media
posts can help provide insight into some portions of the public’s
accurate or inaccurate understanding of PFAS-related
information and determine some gaps in public knowledge.

Geographic and Event Trends
Understanding the prevalence of PFAS-related posts by
jurisdiction provides a measure for PFAS public health
professionals, organizations, and federal agencies to provide
tailored intervention information, remediation, and community
outreach by jurisdiction. The geographic data revealed a pattern
of high-volume PFAS-related posts among jurisdictions affected
by PFAS contamination during the time frame. Our analysis
suggests that individuals living in jurisdictions with recent PFAS
events appeared to be more engaged with web-based discussions
that included continuous and active coverage of PFAS events
by local news outlets. DC, New Hampshire, and Michigan were
the top-ranked jurisdictions based on posts per 100,000 across
both platforms. Much of the social media dialogue associated
with Michigan and New Hampshire was related to PFAS
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contamination incidents or sites such as Parchment in Michigan
and Pease International Tradeport in New Hampshire.

Thematic Trends
Our analysis revealed that many posts described the
contaminants as a public health threat and national crisis,
especially among those living in PFAS-affected communities.
As more individuals become aware of and are affected by PFAS,
there is a growing sense of urgency to understand the health
impacts and protective behaviors associated with PFAS
exposure. This is exemplified through the predominant theme
found in our analysis—PFAS are a health concern. Our findings
suggest that both Twitter and Reddit were used to question,
share, engage with, and react to evolving information related
to discovered PFAS contamination. This is underscored by
individual desires for access to concrete and reliable
evidence-based information about PFAS and their impacts on
human health and the environment.

Our results showed a notable overlap between PFAS are a health
concern and clarity on government agencies’roles. Some posts
stressed the notion that scientific, academic, and environmental
communities could play a positive and significant role in shaping
future PFAS responses and interventions by acting both as
scientific experts and trustworthy resources for answering
outstanding questions on both health and environmental risks.
These findings present an opportunity for government agencies
to provide scientific information, answer questions, and correct
misperceptions. American social media users are particularly
interested in understanding what is being done to mitigate
exposure, the potential human health effects, and obtaining
information on tangible steps individuals can take to manage
their own risk. Although there is still much to be known about
PFAS, our findings suggest that there is an unmet need among
the public for clarity on who is leading the charge in scientific
discoveries, cleanup and protection, and dissemination of
scientific health-related information. Given the core theme
clarity on government agencies’ roles, government agencies
have an opportunity to play a lead role in developing and
distributing materials to the public on what is known about
PFAS detection and to effectively communicate what remains
unknown. This will not only provide PFAS information but also
demonstrate the agencies’ roles as it relates to PFAS and health.
Furthermore, by capitalizing on social media’s interactive
format, government agencies can communicate information in
these forums in a way that reflects audience preferences,
stimulates conversation on relevant critical topics, and provides
content that can be tailored to each platform’s application.

On the basis of our findings, individuals and communities
negatively affected by PFAS feel uninformed and subsequently
excluded from proposed or in-progress solutions. There is a
strong desire on social media for a trusted source of
PFAS-related health information on everything from breaking
news and events to longer-term response plans.

Our analysis found that PFAS content is best created with a lens
that acknowledges sensitivities within current public perceptions.
It is preferred that outreach efforts and scientific findings ensure
clarity in word choices and accurate framing of hot topics to
mitigate disinformation and encourage social media users’

engagement. Dissemination strategies may be developed through
partnerships with trusted scientific and academic organizations
to dispel misinformation and demonstrate collaborative active
leadership on the topic. In this way, continuous and ongoing
evaluation of PFAS-related social media discussions may be
advantageous, especially as new discussions arise across social
media platforms and further communication materials are
developed and deployed nationally. On social media platforms,
government agencies can demonstrate real-time awareness of
current PFAS-related issues and provide diverse content to
address geographically specific concerns. By better
understanding social media user interests, concerns, opinions,
and perceptions of PFAS, environmental health professionals
will be better equipped to uncover innovative ways to inform
and engage citizens on important environmental health topics.

Limitations
There are several limitations to our analysis. First, differences
may exist between social media users and the general population
[36], so our findings should not be extrapolated to the general
population. Second, given the jurisdictional patterns found when
sorting by our engagement ratio measure, we believe this
measure has several inherent flaws. Most notably, it indicates
instability among small population jurisdictions, as seen with
several small states that were among the top 5 when measured
by engagement ratio but not among the top 5 when measured
by original post volume and original post volume by 100,000
people. In addition, our Reddit data were substantially truncated
because of the lack of geographic indicators in the metadata.
This resulted in a small sample size and more volatility in the
geographic analysis across this platform. As events were
determined post hoc, there was an inherent collinearity between
the geography and event measures, resulting in potentially
inflated SEs and very little improvement in the predictive value
of the outcome. The location-masking tools and decisions to
opt out of location information may also have had an impact
on the geographic analysis. The length of posts allowed by
Twitter also differed from what is allowed by Reddit, which
limited our ability to compare results between platforms. Third,
we must acknowledge the potential existence of social media
bots—an autonomous account or network of accounts that posts
and shares content according to specific predetermined
rules—within the evaluated data sets that was not an immediate
focus of this research effort but nevertheless may have had an
impact on the spread of PFAS-related information [37]. Finally,
data generated by social media platforms create unique research
challenges, primarily as social media platforms create an
exceptionally dynamic data environment. Specifically, across
social media platforms, content is being created, disseminated,
reacted to, and interacted with constantly and in real time. At
any moment, a new or returning user can view a video, like a
post, unlike a post, post a comment, or delete a previous
comment. Thus, this dynamic communication environment
presents challenges to those conducting research with its data
as the data represent a finite snapshot in time rather than a
continuous cumulative capture.
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Conclusions
On the basis of the analysis of social media posts and activity,
we find that PFAS are perceived as an immediate public health
concern and there is a growing sense of urgency to understand
this emerging contaminant and its potential health impacts on
social media. Twitter is the predominant platform among the 7
investigated social media platforms for PFAS-related posts
based on the pure volume of key terms mentioned during the
2-year time frame of the analysis. However, despite Twitter
having a relatively larger proportion of original posts, Reddit
posts were more frequently engaged with by users, suggesting
a more interactive rather than passive platform. Some social
media users seek to understand long- and short-term health risks

and access reliable PFAS information to make personal
decisions that mitigate health risks. All of this underscores an
opportunity for a robust public health response. Government
agencies can continue using social media research to better
understand the changing public sentiment on PFAS and the
critical topics of interest among affected communities and then
use social media as a forum for dispelling misinformation,
communicating scientific findings, and providing resources for
relevant public health services. Through these findings on
geographic and event-based trends in PFAS-related discussions,
government agencies and other partner organizations are better
equipped to disseminate targeted PFAS-related scientific
information and conduct community outreach.
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Abstract

Background: In November 2018, a Chinese researcher reported that his team had applied clustered regularly interspaced
palindromic repeats or associated protein 9 to delete the gene C-C chemokine receptor type 5 from embryos and claimed that the
2 newborns would have lifetime immunity from HIV infection, an event referred to as #GeneEditedBabies on social media
platforms. Although this event stirred a worldwide debate on ethical and legal issues regarding clinical trials with embryonic
gene sequences, the focus has mainly been on academics and professionals. However, how the public, especially stratified by
geographic region and culture, reacted to these issues is not yet well-understood.

Objective: The aim of this study is to examine web-based posts about the #GeneEditedBabies event and characterize and
compare the public’s stance across social media platforms with different user bases.

Methods: We used a set of relevant keywords to search for web-based posts in 4 worldwide or regional mainstream social
media platforms: Sina Weibo (China), Twitter, Reddit, and YouTube. We applied structural topic modeling to analyze the main
discussed topics and their temporal trends. On the basis of the topics we found, we designed an annotation codebook to label
2000 randomly sampled posts from each platform on whether a supporting, opposing, or neutral stance toward this event was
expressed and what the major considerations of those posts were if a stance was described. The annotated data were used to
compare stances and the language used across the 4 web-based platforms.

Results: We collected >220,000 posts published by approximately 130,000 users regarding the #GeneEditedBabies event. Our
results indicated that users discussed a wide range of topics, some of which had clear temporal trends. Our results further showed
that although almost all experts opposed this event, many web-based posts supported this event. In particular, Twitter exhibited
the largest number of posts in opposition (701/816, 85.9%), followed by Sina Weibo (968/1140, 84.91%), Reddit (550/898,
61.2%), and YouTube (567/1078, 52.6%). The primary opposing reason was rooted in ethical concerns, whereas the primary
supporting reason was based on the expectation that such technology could prevent the occurrence of diseases in the future. Posts
from these 4 platforms had different language uses and patterns when they expressed stances on the #GeneEditedBabies event.

Conclusions: This research provides evidence that posts on web-based platforms can offer insights into the public’s stance on
gene editing techniques. However, these stances vary across web-based platforms and often differ from those raised by academics
and policy makers.
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Introduction

Background
The clustered regularly interspaced palindromic repeats
(CRISPR) or CRISPR-associated protein 9 (Cas9) genetic
scissor is a revolutionary gene-editing technology for the life
sciences, for which its creators were awarded the 2020 Nobel
Prize in Chemistry [1]. However, much remains unknown about
the long-term effects of applying CRISPR in human gene editing
(HGE), and experts in ethics and policy have particularly
cautioned against its use in germline gene editing (GGE) to
influence the genetic code of a human embryo [2,3]. However,
in November 2018, a Chinese researcher, Jiankui He, reported
that his team applied this tool to delete the gene C-C chemokine
receptor type 5 from embryos and claimed that the 2 newborns
would benefit from lifelong immunity from HIV infection. This
event, which is often referenced as #GeneEditedBabies in the
web-based domain, has raised widespread concerns in the
scientific community about HGE, especially GGE, for numerous
reasons, which include but are not limited to biological safety
and ethical implications [4-6].

The experiments of Jiankui He violated Chinese regulations
and ignored international ethical norms [7]. Most criticisms
against his actions concentrated on assertions that the
experiments (1) were unnecessary as existing treatment
strategies can sufficiently block HIV paternal transmission
without the risk of GGE [8] and (2) violated the protocols
required for general genetic procedures [9], expressing a concern
that off-target editing can lead to dangerous and unpredictable
mutations [10,11]. To expedite global cooperation on science
and its governance, an international commission comprising
experts from 10 countries released a guidance report in
September 2020 on how to determine whether such an
application is sufficiently well-developed for clinical use [12].

However, the worldwide debate has focused primarily on the
perspective of academics and policy makers. By contrast, little
is known about how the public, who are often influenced by
geographic region and local culture, perceived this event, as
well as these issues more generally. Gaining intuition into the
public’s perspectives on these matters is critical to understanding
social norms and expectations for potential beneficiaries and
victims. In this respect, the public’s perspective is a core
component in determining resource allocation, political policies,
and participation in clinical trials, all of which influence the
development and adoption of such technologies as they evolve
[13,14].

To date, research on public attitudes has mainly applied survey
methods to investigate hypothetical personal opinions regarding
gene-editing techniques [15-18], and few have considered this
specific actual event. At the same time, web-based social media
platforms have become an essential medium for billions of
people to learn about and comment on trending events, including

#GeneEditedBabies, in a timely manner, making them an ideal
resource to study public perception. Web-based social media
platforms accommodate speech from wide demographics, and
the discussions and expressions therein are not controlled by
predefined questionnaires. Thus, they may effectively reduce
the bias in the data [19]. As a result, over the past decade,
user-generated content from web-based social media platforms
has been increasingly relied upon to study the public’s attitudes
regarding a broad range of topics, including weight
stigmatization [20], antivaccination [21], lung cancer screening
[22], the Brexit referendum [23], and political debates [24]. A
total of 3 recent studies of web-based data investigated the
#GeneEditedBabies event; however, they were limited in that
they either focused only on sentiment [25] or relied on data
from only 1 web-based platform [26,27], which, as we show in
this study, paints an incomplete and likely biased picture.

Objective
In this work, we present a substantially broader investigation
into the public’s perceptions of the #GeneEditedBabies event
through the lens of four popular social media platforms known
to be influenced by different cultures and demographics: Sina
Weibo (based in China), Twitter, Reddit, and YouTube.
Specifically, we apply topic modeling to >220,000 posts to
analyze what had been discussed about this event across these
platforms and examine how these topics changed over time.
Our results indicate that the main topics were related to news;
the technique itself; posting words on the web; and discussions
from the perspectives of disease, risk, laws, ethics, and scientific
literature. We also observed that certain topics have clear
temporal trends based on the heat of the relative discussions.
On the basis of the topic analysis results, we further design a
codebook to annotate 2000 randomly selected posts from each
platform, which we use to investigate how web-based posts
supported, opposed or held a neutral stance on this event. The
results indicate that the public’s web-based posts had much
more divided stances toward this event than toward those of
academics, although the former varied across platforms with
different language patterns.

The findings of this study indicate that society can learn about
the public perception of controversial events using web-based
data; however, we must be careful about drawing conclusions
from any single platform.

Methods

Overview
Our research focused on the data that were collected from four
popular and publicly accessible web-based platforms with user
bases from different regions and backgrounds: Sina Weibo,
Twitter, YouTube, and Reddit. The internal review board at our
university designated this project as non–human subjects
research and exempt from review. All posts presented in this

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31687 | p.606https://www.jmir.org/2022/3/e31687
(page number not for citation purposes)

Ni et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/31687
http://www.w3.org/Style/XSL
http://www.renderx.com/


paper have been rephrased for privacy concerns and
demonstration purposes.

Data Preparation
As the #GeneEditedBabies event was instigated by a Chinese
scientist, it is natural to examine how people reacted to this
event on Sina Weibo, the most popular microblogging platform
with 500 million users in China [28]. The data from this platform
have been applied to investigate a broad range of topics,
including suicide prediction [29] and the mining of
characteristics of patients with COVID-19 in China [30].

Twitter and YouTube are web-based platforms with a broader
international basis, where approximately 20% of their users are
from the United States, and the other 80% are from other
countries [31]. Owing to its instant posting feature, Twitter has
been recognized as an ideal platform for tracking people’s
comments or attitudes toward social events over time [32,33].
YouTube, a web-based video-sharing platform that enables
users to upload, view, rate, and comment on videos has also
become a valuable resource for studying the public’s stances
[34,35].

Reddit is a social news aggregation, web content rating, and
discussion website, with approximately 50% of users from the
United States [36]. Reddit users are more likely to write longer
posts and generate deeper discussions on specific topics than
users from other platforms. In addition, most Reddit users
reportedly have a college degree [37].

We acknowledge that the users who mentioned the
#GeneEditedBabies event do not necessarily represent the
general population in each platform and, thus, may not represent
the same demographics as those previously mentioned.
However, because of the wide coverage of their user base, we
believe that the posts on these platforms can provide intuition
into the public’s stance regarding the #GeneEditedBabies event
in a cross-regional and cross-cultural manner [38].

To collect data, we defined a set of keywords that were related
to the #GeneEditedBabies event: jiankui he, gene-edited babies,
crisper babies, 贺建奎, 基因编辑婴儿, and their variations.
Given that each platform has distinct application programming
interface (API) use policies and that we initiated data collection
3 days after the event (November 29, 2018), we relied upon
several different strategies to collect data. Specifically, we used
the Twitter streaming API to continuously collect data from the
Twitter stream and used the Twitter search API to fetch the data
that were generated before the initial data collection date. For
the other web-based platforms, we used their search APIs to
collect data. We collected data from November 26, 2018, to
October 19, 2019; aggregated the data on each platform; and
removed duplicates. For Twitter, YouTube, and Reddit, we
focused only on posts written in English.

Topic Analysis
To characterize what has been discussed in the
#GeneEditedBabies event and provide a basis for the following
stance annotation, we conducted a topic analysis of all collected
data using structural topic modeling (STM) [39]. STM is a topic
modeling framework that can leverage document-level

meta-information (eg, publication date and author) to improve
inference and qualitative interpretability. However, because of
language differences, it is challenging to generate topics by
applying a single model to all the data. In addition, as many
posts and comments in YouTube data do not have a well-defined
posting date (eg, one month ago), we could not accurately build
temporal trends for this platform’s topics. As a result, we applied
STM on Twitter and Reddit data sets together to (1) extract
general topics, (2) analyze topic trends, and (3) compare topic
differences; we applied STM on Sina Weibo and YouTube data
sets to extract only general topics separately. We believe that
temporal analysis can help understand how related news
triggered the public’s discussions on web-based social media
platforms.

We removed stop words, punctuation, and numbers and replaced
words with their stems before applying STM. As STM is based
on unsupervised learning, we relied on exclusivity and semantic

coherence to select the optimal number of topics K* by running
STM, with each candidate for the number of topics ranging
from 5 to 25. Exclusivity corresponds to the distinctiveness of
words with the highest probabilities in the topics, whereas
semantic coherence measures the probability of co-occurrence
of these words in a topic. As large exclusivity often results in

small semantic coherence and vice versa, an ideal choice of K*

should strike a balance between these 2 measures. To do so, we

first selected the 3 topic number candidates for K* that exhibited
the largest proportion of topics, with scores within 1 SD of the
mean for the metrics of interest. The mean score was calculated
for all the candidate topic numbers. We then manually compared
and selected the number of topics that resulted in the most
interpretable topics through the authors’ observations and
discussions.

Stance Annotation

Overview
Topic analysis can provide a high-level picture of what has been
discussed in general. However, it cannot precisely tell whether
people support or oppose this event. Therefore, after topic
analysis, we conducted a stance analysis to further investigate
how web-based posts from different platforms reacted to this
event.

Coding Question
To identify and analyze the stance of web-based users in the
#GeneEditedBabies event, we randomly selected 2000 posts
from each platform for annotation. We designed a codebook
for data annotation based on reading, independently
summarizing, and collectively discussing the topic analysis
results among the authors (CN, ZW, CY, and ZY) of this
manuscript. We formulated 2 annotation tasks for each selected
post. First (question 1 [Q1]), we asked what the post’s stance
was toward this event and let annotators select one of the
following options: no clear stance, support, oppose, or neutral.
As the distinction between no clear stance and neutral stances
can be somewhat nuanced, we instructed annotators that a post
with a neutral stance must explicitly balance between supporting
and opposing stances.
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If the answer to Q1 was different from no clear stance, we then
asked annotators to perform a second task (question 2 [Q2]) to
identify what issues the post raised when expressing its stance.
Q2 was a nonexclusionary multi-option question, in which
annotators were instructed to choose any of the following
options based on the instructions of the codebook: (1) techniques
(eg, considering the development of science or technologies),

(2) ethics, (3) laws, (4) judging Jiankui He (eg, on his education,
appearance, or ambition), (5) judging the organization (eg, He’s
institute or country), (6) others (eg, those not listed above, but
the missing aspect should be recorded), and (7) no reasons are
mentioned. Table 1 presents several examples along with their
answers.

Table 1. Examples of posts with answers to the questions posed in the annotation tasks.

Q2b choice (suggested)Q1a choice (suggested)PlatformPost examples

Techniques and judging
Jiankui He

SupportSina Weibo“年轻有为， 反正我不会这个技术。 (He is young and promising; I do
not understand this technology anyway)”

N/AcNo clear stanceTwitter“The first gene-edited babies claimed in China—The Mainichi
https://t.co/uNL0QFfdur”

Techniques and ethicsNeutralReddit“I mean Nazi scientists went to hell in a tote basket but produced some of
the most influential research of the 20th century.”

Judging Jiankui HeOpposeYouTube“It sounds like any other mad scientist story.”

aQ1: question 1.
bQ2: question 2.
cN/A: not applicable.

Annotation Strategies
As the languages used in the 4 platforms are either Chinese or
English, we recruited 20 college students who were fluent in
both languages to annotate the data. We selected bilingual
annotators to reduce bias in stance judgment induced by
differences in the language spoken. Before assigning the task,

we provided the codebook and tutorial examples to train the
annotators and discuss with them. Once they were comfortable
with the requirements and the task, we proceeded to formal data
annotation. As stance is subjective, to ensures the annotation
quality, we conducted 3 rounds of verification for Q1, the single
option question. Figure 1 shows the annotation and verification
processes.

Figure 1. Pipeline of the 3-round annotation and verification process.

A total of 8000 posts from 4 platforms, with 2000 posts per
platform, were labeled in our annotation. In the first round (R1),
we randomly partitioned 20 annotators into 10 groups of 2
annotators each and assigned each group to 800 selected posts
(200 from each platform). After annotation, we compared the
labeling results within the groups. When 2 annotators labeled
a post with the same stance, the task for the post was considered
complete. We calculated the inner-annotator agreement between
the 2 annotators in the first round using the Cohen κ score.

Instead of requiring 2 annotators to select the same options in
Q2, which would be very challenging, we calculated a weighted
score for each option based on their answers as follows:

represents the score of option oj in post pi, i is the post
number from 1 to 800, j is the option number from 1 to 7 (see
the abovementioned coding questions), Ak represents the set of
options that annotator k chooses, and K is the total number of
annotators who labeled post pi:

We sent all posts with conflicting stance labels into a second
round of annotation (R2) for tie-breaking purposes. In this round,
we selected another 10 annotators as adjudicators. If a post
received 3 different stance labels in 2 rounds of annotation, we
sent it to the third round of annotation (R2) for further tie
breaking. Multiple rounds of annotation can reduce manual
effort and improve efficiency. However, some posts received
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2 stance labels in R1, whereas some other posts received 4 stance
labels in R3. It is possible that the posts that received the same
stance labels in R1 could obtain different labels from 2 (different)
annotators, which may have made the annotations unreliable.
To examine the extent to which such cases existed, we randomly
selected 5% of such posts and assigned them to 2 annotators
who had yet to label them for a verification process.

For posts with stances settled beyond R1, we extracted the
answers to Q2 from the 2 annotators who determined their final

stance label. Once we calculated the weighted score for each

option oj in each post pi, from Q2, we estimated , the
probability that an issue (corresponding to option oj) was raised

in a web-based platform regarding a particular stance. was
calculated as follows:

Where M represents the total number of labeled posts for a
platform, and L represents the number of options in Q2.

Stance Language Analysis
After comparing the stance differences across the 4 platforms,
we continued to examine how the language used in the posts
differentiated supporting and opposing stances across the
platforms. To perform this analysis, we focused on annotated
data with only supporting or opposing stances. We removed
stop words and extracted the lemma form of each word. We
then calculated the saliency [40] s (w) for a word w in each
platform as follows:

In the abovementioned equation, t refers to either a supporting
or opposing stance, and p represents the probability of w within
the data corpus. The larger the saliency value, the more
informative the word is for differentiating among stances. We
retained the 50 most informative words for each platform. For
each selected word w, we used the relevance score [41] to
determine how informative it was to a stance t, which is defined
as follows:

In the abovementioned equation, λ is used to control the
trade-off between the word frequencies within a stance and the
word importance in distinguishing 2 stances. Here, a small λ
highlights rare but exclusive words for a stance, whereas a large
λ highlights frequent but not necessarily exclusive words for
the stance. In this study, we set λ=0.6, as suggested by Sievert
and Shirley [41].

Results

Data Preparation
Table 2 summarizes the data collected for this study. Within
the first round of annotation, the inner-annotator agreement was
0.44 (SD 0.11), which indicated moderate agreement. The
median number of posts published by each author was 1 for all
platforms, suggesting that most users only had one post or
comment in our data set.

Table 2. A summary of the data set collected for this studya.

Post length, mean (SD)cPosts per user, mean (median)bPostsPost typePlatform and users

Sina Weibo

81.4 (76.8)1.8 (1)4941Microblog2800

16.6 (17.5)1.6 (1)131,126Comment83,265

Twitter

14.1 (4.2)1.9 (1)47,147Tweet24,960

Reddit

71.0 (324.6)3.7 (1)3205Submission866

43.3 (65.9)1.9 (1)22,417Comment11,678

YouTube

36.1 (60.4)1.5 (1)48,172Comment31,237

aOn the basis of the properties of each platform, the posting type varies.
bRepresents the average number (median) of posts per user in each platform.
cRepresents the average word count (SD) of each post.

Topic Analysis

Topics on Twitter and Reddit

On the basis of our criterion, we set K* to 15 for the topic
analysis. We refer the reader to Multimedia Appendix 1, Tables
S1-S3, for further details. Table 3 reports on the 15 extracted

topics; the most representative words; expected topic proportions
(the probability of each topic in all the posts); and the 5
summarized themes, which were summarized by authors (CN
and ZY) by manually reviewing the posts with the highest
probability, and the difference in topical prevalence between
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Twitter and Reddit. The most representative words per topic were based on the rank ordering of their probabilities.

Table 3. Topics, top words, and the 5 summarized themes.

Difference (SD)bETPaTop representation wordsTheme and
topic

Communication

−0.092 (0.001)0.066just, realli, happen, get, your, like, one, actual, yeah, and guy11

−0.090 (0.001)0.059think, that, thing, dont, right, doesnt, cant, anyth, bad, and good9

−0.078 (0.001)0.058can, even, genet, point, know, well, someth, understand, way, and still5

−0.039 (0.001)0.038daddi, [curse word #1], look, cock, [curse word #2], littl, long, talk, perfect, and want6

Discussions

0.013 (0.001)0.071use, diseas, crispr, cell, mutat, technolog, cancer, ccr, techniqu, and cure15

0.010 (0.001)0.064gene, edit, hiv, human, embryo, risk, may, twin, genom, and studi1

−0.099 (0.001)0.059peopl, kid, child, parent, children, dont, rich, alreadi, isnt, and wouldnt14

−0.035 (0.001)0.049ethic, now, scientif, experi, said, done, govern, public, need, and communiti13

−0.019 (0.001)0.047will, year, futur, chang, come, human, today, –izumi, time, and permalinksavecontextful7

−0.016 (<0.001)0.017alphian, omegian, planet, civil, ampxb, galaxi, low-level, omega, cosmic, and betian8

Gene editing

0.184 (0.002)0.121geneedit, genomeedit, crisprca, crispr, tool, geneediting..., genetherapi, amp, genet, and genom12

News

0.168 (0.002)0.144gene-edit, scientist, chines, babi, claim, crispr, report, jiankui, scandal, and miss3

0.074 (0.002)0.089babi, news, gene-edit, first, moratorium, creat, world, controversi, world, and nobelist4

0.066 (0.001)0.080china, crisprbabi, research, scienc, confirm, jiankui, halt, stanford, investig, and say10

Web-based posting

−0.046 (0.001)0.038comment, pleas, post, question, automat, thank, remov, bot, moder, and thought2

aETP: expected topic proportion.
bDifference represents the difference in the prevalence of the topic between Twitter and Reddit, where a positive (negative) value suggests a topic was
more frequently discussed on Twitter (Reddit). All the differences were significant with P<.001 according to a 2-tailed paired t test.

Five themes were generated by the authors: communications
(topics refer to regular web-based chatting), discussions (topics
related to the discussion of this event), gene editing (topics of
gene editing technique), news (topics of #GeneEditedBabies),
and posting on the web (topic of common web-based
communities’ words). Topics with positive (negative) scores
were more often discussed on Twitter (Reddit). For example,
it can be seen that topic 12 from the gene-editing theme
exhibited the highest score, followed by topics 3, 4, and 10,
which are all part of the news theme. This suggests that Twitter
is more dedicated to the sharing of news. By contrast, topic 14
exhibited the lowest negative score, a topic in the discussion
theme about people and children. Topics 11, 9, and 5 of the

communication themes also exhibited negative scores, which
suggests that they were more likely to be mentioned on Reddit
as well. The above findings clearly demonstrate the different
topics on the 2 platforms.

Topic Temporal Trend Analysis
Figure 2 illustrates the temporal trends for the 4 representative
topics derived from Twitter and Reddit. We interpreted the
trends by manually examining the posts with the largest
probabilities for each topic during a specific period. Note that
the scale of the y-axis for each topic that we selected in Figure
2 varies because of different expected topic proportions (Table
3).
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Figure 2. Topic temporal trends for 4 topics generated by applying structural topic modeling on Twitter and Reddit data. The solid line represents the
mean expected topic proportion and the dashed lines represent 1 SD. The x-axis corresponds to the posting time, whereas the y-axis corresponds to the
expected topic proportion obtained from structural topic modeling. (A) to (D) represent the monthly changes in the expected topic proportion of Topic
3, 13, 14 and 15, respectively.

Topic 3 (in Figure 2) mainly refers to the scientist Jiankui He
in this event. After the beginning of the event, the popularity
of this topic decreased sharply but then experienced an increase
in February 2019. This increase corresponded in time to a rumor
that Chinese gene-editing scientist missing amid rumors of
arrest: report says Chinese scientist He Jiankui has been
arrested on Twitter. He again attracted attention in the news in
June 2019 because of an announcement by Denis Rebrikov at
the Kulakov National Medical Research Center in Moscow,
who was planning to repeat his experiment once he obtained
official approval [42].

Topic 13 communicates the public’s concerns about the event
(eg, legal issues). This topic experienced a decreasing trend as
the #GeneEditedBabies event became outdated. However, it
experienced a peak around May 2019 because of an article
published in the journal Nature: CRISPR babies: when would
the world be ready? [43], which stirred a discussion on Reddit.

The temporal trend for topic 14, which focuses on human rights
and was more likely to be discussed on Reddit, exhibited an
increasing trend, with a local peak during May 2020 when a
Reddit user shared an article with the title of What we risk as
humans if we allow gene-edited babies: a philosopher’s view
[44], which received >600 comments. The popularity of this
topic continued to rise rapidly in July 2020, perhaps because of
the news of Five couples lined up for CRISPR babies to avoid
deafness [45], which received numerous retweets on Twitter.

Topic 15, which focuses on gene-editing technology, grew over
time, with a peak around May 2019. The peak of its popularity
appeared to coincide with news related to how gene editing
helps cure disease. For example, 1 such news story posted on
Twitter in May 2019 was Researcher Brian Liau and his team
combine CRISPR gene-editing technology with chemical
profiling to tease out acute myeloid leukemia mechanisms [18].

Topics on YouTube and Sina Weibo
We also applied STM to YouTube and Sina Weibo data sets to

generate K*=15 topics using the same criteria for processing
Twitter and Reddit data sets, respectively. The three most
popular topics on YouTube were summarized as visual arts
(video, gattaca, and episod), thoughts (want, get, and think),
and human evolution (human, speci, and evolut). The top three
popular topics on Sina Weibo were news (事情 event, 科研
research, and 国际 international), science (科学 science, 科学
家 scientist, and 成果 result), and concerns (法律 law, 胚胎
embryos, and 人体 human). Other topics on YouTube included
mentions of race and culture (keywords: tan, skin, cultur, hair,
and racist), and general thoughts (peopl, talk, feel, and
understand). By contrast, Sina Weibo included topics presenting
strong negative emotions, such as strong opposition to the event
(出生 born, 死 death, 可怜 pity, 毁灭 destroy, 人性 humanity,
and 危害 danger) and the discussion on inequity between the
rich and poor (穷人 poor, 富人 rich, 普通人 normal people,
and 小白鼠 experimental mice [used as a metaphor]).

Stance Analysis

Annotation Results
Figure 3 illustrates the labeling process. Both annotators agreed
in 57.62% (4610/8000) of the posts that were labeled in the first
round. After the second round of annotation, 3 annotators
remained in disagreement on 22.51% (763/3390). The 9%
(69/763) of posts that were annotated with 4 different options
were removed because of the inability to reach any consensus.
Regarding verification, 65.8% (158/240) of the examined posts
received the same labels as the first round (ie, absolute
agreement); 25.8% (62/240) received 1 different label (ie, major
agreement); 3.3% (8/240) received 2 different labels (ie, minor
agreement); and only 5.1% (12/240) received 2 of the same
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labels, which differed from the original, suggesting a reliable labeled data set for further analysis.

Figure 3. The annotation process for 8000 posts. Note that the 69 posts with 4 different labels were removed from further analysis.

Stance Distribution
We calculated the number and percentage of each stance in each
platform among the posts that clearly had a stance in the
annotated data. The percentage of removed posts with no clear
stance was 42.8% (853/1993) on Sina Weibo, 59% (1174/1990)
on Twitter, 54.4% (1070/1967) on Reddit, and 45.6% (902/1978)
on YouTube. Although all 4 platforms generally contained more
opposing stances than other stances, the ratios of those stances
were quite different. Specifically, Sina Weibo and Twitter
exhibited similar rates of opposition (approximately 84.91%
[968/1140]); however, Sina Weibo’s rate of support was almost
double that of Twitter (37/816, 4.5%). In contrast, Reddit and
YouTube had much lower (higher) rates of opposition (support)
at 61.25% (550/898; 257/898, 28.62%) and 52.6% (567/1078;
405/1078, 37.6%), respectively. Sina Weibo exhibited a lower
rate of neutral stance (70/1140, 6.1%) than the other 3 platforms
(all of which were around 10%). It is notable that, although both
Twitter and YouTube have broader international user coverage,
YouTube exhibited a more divided stance toward
#GeneEditedBabies. We suspect this may be because of the fact
that YouTube presents its content in videos, such that users can
comment under them and share conflicting ideas in an irrelevant
manner. By contrast, Twitter is more akin to a news
(re)distribution center, where it is difficult to support a deep
discussion.

Although a post-level analysis of stance may be biased by
superusers who publish substantially more posts than others,
we found that within the annotated posts with a clearly expressed
stance, >95% of users had only 1 post (Sina Weibo: 1005/1057,
95.08%; Twitter: 726/755, 96.16%; Reddit: 822/858, 95.8%;
and YouTube: 965/1012, 95.35%), and no users had >5 posts.
This indicates that the influence of superusers on our findings
based on randomly sampled data is limited.

Concern Analysis

Supporting Stance

Figure 4 shows that techniques were the primary consideration
when posts supported the #GeneEditedBabies event on each
web-based platform. The rates of Sina Weibo and YouTube
posts supporting this event were slightly >50%, whereas those

for Twitter and Reddit were closer to 40%. A qualitative
examination of the related posts suggests that users believed
the event could help advance scientific knowledge for clinical
trials using gene-editing technologies and, thus, create an
opportunity to cure severe diseases and benefit humans in the
future. A Sina Weibo user commented the following:

解剖学最早也是反人类的， 遭到大多数人的反
对，[...]， 恭喜先生走出新的世界纪录。(Anatomy
was also anti-human at the earliest and was opposed
by most people, [...], congratulations to Mr. for
stepping out of the new world record.) [post 1, Sina
Weibo]

It should be noted that no reason was the second most selected
option for Q2 on YouTube (76.5/467, 16.4%), Sina Weibo
(23/114.5, 20.1%), and Twitter (14.5/38.5, 37.7%) and the third
most selected option for Reddit (51/311, 16.4%). The difference
in no reason ranking within the platforms may be as Reddit
discussions are more likely to compose longer posts than the
discussions on the other 3 web-based platforms (Table 1) and,
thus, have more of a chance to share reasons in their posts.
Ethics was another critical consideration when posts supported
this event on Reddit (66.5/310.5, 21.4%), YouTube (73/467,
15.6%), and Sina Weibo (17/114.5, 14.8%). The users in these
posts did not believe that this event lacked ethical concerns.
Instead, these users intimated that the event could help patients
with genetic diseases. The two posts indicated the following:

It’s not morality, it’s cowardice to seek permission
from 30 governing bodies before taking every step.
[...] No risk, no reward. [Post 2, Reddit]

Nice work! [...] If you can help parents with a genetic
disorder have a healthy baby, I don’t understand why
people are so upset. [Post 3, YouTube]

We also found posts expressing a supporting stance directly
based on the aspects of Jiankui He or organizations (eg, He’s
institute or country); posts on Sina Weibo and Twitter tended
to talk about Jiankui He himself, whereas Reddit and YouTube
tended to say more of his organizations. The following two
posts offer examples in these categories:
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总有人要付出代价。 如果你不迈出第一步，后面
的人就永远不敢前进。(There is always someone
who has to pay the price. If you don’t take the first
step, the ones behind will never dare to move
forward.) [Post 4, Sina Weibo]

China will leave us behind because we refuse to edit
human genes like this. [Post 5, YouTube]

Some Reddit and YouTube posts supported this event as they
believed it could help push forward new strategies and
regulations for gene therapy, as indicated in post 3.

Figure 4. The reasons for supporting stances within 4 platforms.

Opposing Stance

Figure 5 illustrates the distribution of the issues identified in
each platform for the opposing stance. Although there were
many comments without any reason, especially on Twitter,
ethics was the primary concern for Reddit (259/724, 35.8%),
YouTube (235/714, 32.9%), and Sina Weibo (376.5/1258.5,
29.92%). A YouTube opposer said the following:

Who owns the rights to products and technologies?
[...] I don’t think it’s been adequately addressed, nor
is there transparency in the scientific community
about it. [Post 6, YouTube]

The fact that the technique is relatively new and could lead to
many unknown and serious issues was another consideration
in Reddit (209/724, 28.9%), YouTube (204/714, 28.6%), and
Sina Weibo (179/1258.5, 14.22%). A Redditor wrote the
following:

Genes are complex. So, if it doesn’t work, it’s as if
you’re not fighting the infection properly and there’s
a higher risk of dying. [post 7, Reddit]

However, Sina Weibo had more posts and insults (240.5/1258.5,
19.1%) that were not directed at the event or the technology but
were only directed at the individual (Jiankui He). One such
quote is as follows:

说白了， 还是利益熏心!! 一身的铜臭味!! (To be
straightforward, (He) was too greedy and only cared
about the money!) [post 8, Sina Weibo]

Notably, Twitter is quite different from the other platforms in
that the major considerations mentioned in this platform were
laws (151/806.5, 18.7%), organizations (132/806.5, 16.4%),
and ethics (131.5/806.5, 16.3%). Techniques (83/806.5, 10.3%)
had a smaller percentage than those exhibited in Sina Weibo
and much less than on YouTube and Reddit. A possible
explanation for this phenomenon is that many users directly
tweeted the news without attaching their own commentary,
whereas the discussions on the other platforms were more likely
to comment under either video or other posts.
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Figure 5. The reasons for opposing stances within 4 platforms.

Language Analysis
Figure 6 illustrates the word clouds for each platform, with a
larger font size indicating a more informative word.

Figure 6. Salient words for supporting (green) and opposing (red) stances within each web-based platform. A larger font size suggests a higher relevance
of the associated word in the corresponding stance and platform. Note that all words presented here are in their lemma form.

Sina Weibo
The most informative terms used by Sina Weibo supporters
were 试管婴儿 (in vitro fertilization), 自然选择 (natural
selection), 癌症 (cancer), 时代 (time), good, 日心说
(heliocentrism), 宣扬 (advocate), 骄傲 (pride), 核弹 (nuclear
bomb), and 医药 (drug). These people argued that the event
might be part of natural selection, and from an ethical

perspective, there might be no difference between in vitro
fertilization and gene-edited babies because of human
intervention. Some people believed this was good and that
society should be proud as they have the potential to cure
diseases such as cancer. Others argued that gene editing was
similar to dual use technologies [46], such as nuclear
technology, which could be used to create bombs but also be
beneficial for energy development; eventually, it would be
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accepted just as heliocentrism. By contrast, opposers were more
likely to mention words related to law or stakeholders, such as
基因编辑 (gene edit), 广东省 (Guangdong province), 央视
(CCTV), 非法 (illegal), 明令禁止 (clearly forbidden), and 审
查 (governance). It should be noted that 吐 (throw-up) is a
common Chinese term in Sina Weibo that expresses an emotion
in strong opposition.

Twitter
Supporters used many positive words such as exciting, OK,
innovation, protect, and enhance. We found that male
contraceptives were also mentioned as they, together with gene
editing babies and other findings, were reported as the most
exciting innovations of 2018, and the link to the web-based
version of this report received many retweets. By contrast,
people with an opposing stance used words that were more
relevant to this event specifically, such as baby, geneedite,
scientist, china, illegal, death, break, halt, stop, rule, and risk.
In this regard, Twitter shared similarities with Sina Weibo in
that opposers from both platforms quote news or web-based
links (eg, http, cnn, cnet on Twitter and http and CCTV in Sina
Weibo).

Reddit
Posts on Reddit were more multidimensional and tended to be
more thoughtful than posts on other platforms. Supporters
discussed this event from the perspective of religion, using terms
such as conservative, and argued that they did not see any
religion-related issues. They also mentioned hereditary. They
believed that this technology could be used to cure autism or
certain predispositions. They also used positive terms such as
effective and efficient. In addition, these supporters likened this
technique to the increase in deaths when automobiles were first
introduced. The words in the supporting stance also demonstrate
that Reddit posts were likely to write deep or scientific,
dialectical explanations to express supporting opinions. By
contrast, the opposing views included words such as read, bring,
datum, unknown, and add, expressing their concerns about the
unknown effects that such a technique might bring to the human
gene pool. These opposers also used more technical terms such
as germline, off target, protein, allele, reproduction, deletion,
and intervention. Many of them believed it was dangerous,
comparable with the strong opposing emotion word 吐 (throw
up) used on Sina Weibo.

YouTube
The posts on YouTube invoked a very different language style
compared with posts on other platforms. For example, supporters
used the term successful in expressing their supporting stance
and argued that gene-editing techniques will make people
healthier and live longer, just as vaccines do today. Although
the supporters also used terms that appear to be in opposition,
such as despite, greedy, harmful, and struggle, a closer
examination of the related posts showed that these posts
presented 2 stances but with a solid preference for a supporting
stance. By contrast, opposers on YouTube were more likely to
use dramatic words such as zombie, machine, extinction, and
inferior and conspiracy-related words such as assume, fake, and

lie. When talking about the law issue, these posts tended to use
the word jail.

In summary, a comparison of informative terms shows a clear
distinction in the language used in these 4 platforms. Moreover,
the difference in language occurred in both the supporting and
opposing stances toward this event. A possible explanation for
this distinction is that it may be an artifact of user populations
with different cultures or demographic backgrounds. We believe
that this further supports the need to consider the public’s stance
from multiple diverse web-based platforms to form a more
comprehensive picture. There are certainly other possible
explanations, such as the fact that these differences may be
because of the political stances or related screening policies of
each individual platform. However, further investigation is
necessary to determine whether this conjecture is correct.

Discussion

Principal Findings
This study introduced a novel, cross-cultural, and cross-regional
investigation of the public’s stance toward the
#GeneEditedBabies event by using data from 4 popular
web-based social media platforms. We found that the platforms
focused on different topics and that some had clear temporal
trends around the news associated with this event and related
techniques. In addition, we found that opposition to this event
was high in general; however, the stances varied across
platforms. Among the discussions that expressed a clear stance,
Twitter exhibited the largest percentage of posts (701/816,
85.9%) in opposition, followed by Sina Weibo (968/1140,
84.91%), Reddit (550/898, 61.2%), and YouTube (567/1078,
52.59%). The main reasons people supported this event were
as the techniques were thought to be scientific advances that
have the potential to cure debilitating genetic diseases. By
contrast, the main reasons for opposition were ethical and legal
concerns. The variation we observed may stem from the
differences in the cultural and demographic backgrounds of the
user base in each platform.

Comparison With Prior Work

Earlier Stance Analysis on Gene Editing
Our findings regarding Sina Weibo and Twitter are aligned with
a conclusion in a recent survey of responses to a hypothetical,
norm-violating application of gene-editing technology that such
applications would invite public backlash that can spill across
national boundaries [47]. However, as we demonstrated, Reddit
and YouTube still had a substantial proportion of posts
supporting this event. Other survey-based studies have also
found that people tend to have supporting but cautious attitudes
toward HGE. For example, 1 study showed that adults from
Australia were comfortable with editing human and animal
embryos but only for research purposes and to enhance human
health [48]. Similarly, Japanese users generally accepted the
use of genome editing for disease-related genes; however, many
were concerned about its risks [49]. Although many Dutch
adults responding to a survey considered the risks of GGE to
be substantially greater than its benefits, they may approve of
using GGE if it is sufficiently safe and effective and used for a
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disease instead of enhancement [50]. In addition, another survey
based on the responses from 1537 participants across 67
countries (87% of whom were White and mainly from the
United States, Australia, Canada, and the United Kingdom)
found that respondents generally supported GGE for medical
applications, and resistance was mainly reported by people with
religious beliefs or working experience in genetics [51].

However, as a recent review of nationally representative public
opinion surveys summarized [52], many of these surveys did
not capture the views after the #GeneEditedBabies event, which
could have raised awareness of HGE or affected views of edits
among public. In addition, the authors of the review advocated
collecting more data from around the world to capture the views
of different segments of populations. In this regard, our
multiplatform investigation provides more insight into how
people with different cultures and from different regions
discussed this event, findings that can help fill the gap in this
field.

Analysis of the Event Using Web-Based Data
Several studies have investigated public discussions using data
from social platforms. For example, Calabrese et al [53]
examined the perceptions of CRISPR on the web through the
application of a semantic network analysis of Twitter messages,
and Müller et al [26] analyzed tweets about CRISPR or Cas9
technology and trained machine learning models to classify
tweets. However, these studies used data from Twitter only,
which was not easily accessible in mainland China. Moreover,
they focused on the sentiment of tweets (eg, positive or negative)
and the type of subject (eg, applying the technology to humans
as opposed to other organisms) instead of the stance (eg, in
support or in opposition) and greater understanding of concerns
(eg, why hold this stance?). Furthermore, the
#GeneEditedBabies event was not the main focus. Zhang et al
[27] compared the differences in language used to discuss gene
editing before and after this event on Sina Weibo. Liu and
Lapata [54] conducted a sentiment analysis of news reports and
tweets about this event that were collected from Google, Baidu,
Sina Weibo, and Twitter about this event. However, all of these
investigations are fundamentally different from ours in that they
selected various platforms for data collection and focused solely
on sentiment analysis, which is insufficient to characterize the
stance expressed in a comment.

Web-Based Multiplatform Data Analysis
Multiplatform studies are useful for reducing the bias caused
by a single platform or a small amount of data. In particular,
multiplatform data resources can enrich analysis and optimize
the training results of classifiers [55,56]. For example,
Schifanella et al [57] leveraged the contextual information
carried by visuals to decode the sarcastic tone of multimodal
posts by using images and texts from Instagram, Tumblr, and
Twitter. In addition, most multiplatform data analyses targeted
a particular topic, such as travel (eg, discussion about hospitality
and tourism [58]), business (eg, the preferences and discussions
of e-cigarette users [59]), and health (eg, a study of symptoms
of depression and anxiety of American young adults [60]). Our
study contributes to this area of research by using multiplatform
data to conduct a reasonable and comprehensive analysis of

stances across various cultures, regions, and network
environments.

Limitations and Future Work
However, there are certain limitations in our study that can serve
as the basis for future research. First, although we focused on
4 popular publicly accessible platforms, there are other major
web-based platforms (eg, Facebook), the data of which could
be used to enrich the analysis. Second, the set of keywords we
relied upon was limited to the names of the event and the
scientist. Although we believe that these are likely to cover most
of the perspectives that can be detected, we did not conduct a
pretest to confirm if this was the case. Third, we calculated the
percentage of stances based on randomly selected posts and
showed that superusers had a limited impact on our findings.
Future work may consider directly sampling all users to avoid
this issue. Fourth, although our annotated data set is sufficiently
large to obtain insight into the public’s stance, it would be
interesting to conduct stance temporal trend analysis with more
labeled data. Finally, our findings reflect only the opinions of
people who use web-based social media platforms to express
their stances on this event. It is necessary to investigate how
their perspectives relate to people who do not post on social
media.

This project laid the foundation for a wide array of future
studies. First, to analyze the language used, we applied a
saliency word cloud to show the differences in language among
posts from different stances and platforms. Alternative methods,
such as semantic networks [61], could be considered in future
work to investigate a different perspective of topic modeling;
for example, the relationships among the words. Second, it
would be useful to determine whether the public’s stance on
gene editing changed as a result of this event. A way by which
this could be accomplished would be to compare posts about
gene-editing technology before and after the #GeneEditedBabies
event across social media platforms. Third, although we focused
only on post-level content for analysis, it will be useful to attach
conversations, such as the comments under the posts in each
platform, to enrich this research.

Implications and Conclusions
This study has several notable implications. First, this study
shows that web-based social media platforms can serve as
efficient tools for tracking people’s reactions to a series of news
regarding a public event in a timely manner. However, such
reactions can vary depending on the platform from which the
posts come. Using multiplatform data to study public events
can help to obtain a more comprehensive understanding of
people’s stances worldwide. Second, web-based posts exhibit
more divided stances on, understandings of, and interpretations
regarding a cutting edge but controversial technique than those
expressed by academic professionals. This adds further weight
to the need to listen to public voices and increase public
engagement in policy formation beyond the scientific
community [6]. Finally, the public’s observed stances and the
factors that web-based posts considered can both help guide the
development of promotional materials to improve awareness
and understanding of this technique for posts on different
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platforms [62] as well as take public concerns more fully into
account.

Although we focused on studying the public’s stance regarding
this specific event, our annotation methods and analysis

strategies can be readily adapted to investigate other social
events (eg, Black Lives Matter or presidential elections) and
public health promotions (eg, cancer screening or COVID-19
vaccination) in a cross-cultural or cross-regional manner.
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Abstract

Background: Puff Bars are e-cigarettes that continued marketing flavored products by exploiting the US Food and Drug
Administration exemption for disposable devices.

Objective: This study aimed to examine discussions related to Puff Bar on Twitter to identify tobacco regulation and policy
themes as well as unanticipated outcomes of regulatory loopholes.

Methods: Of 8519 original tweets related to Puff Bar collected from July 13, 2020, to August 13, 2020, a random 20% subsample
(n=2661) was selected for qualitative coding of topics related to nicotine dependence and tobacco policy.

Results: Of the human-coded tweets, 2123 (80.2%) were coded as relevant to Puff Bar as the main topic. Of those tweets, 698
(32.9%) discussed tobacco policy, including flavors (n=320, 45.9%), regulations (n=124, 17.8%), purchases (n=117, 16.8%),
and other products (n=110, 15.8%). Approximately 22% (n=480) of the tweets referenced dependence, including lack of access
(n=273, 56.9%), appetite suppression (n=59, 12.3%), frequent use (n=47, 9.8%), and self-reported dependence (n=110, 22.9%).

Conclusions: This study adds to the growing evidence base that the US Food and Drug Administration ban of e-cigarette flavors
did not reduce interest, but rather shifted the discussion to brands utilizing a loophole that allowed flavored products to continue
to be sold in disposable devices. Until comprehensive tobacco policy legislation is developed, new products or loopholes will
continue to supply nicotine demand.

(J Med Internet Res 2022;24(3):e27894)   doi:10.2196/27894

KEYWORDS

tobacco; policy; social media; e-cigarette; twitter; mHealth; dependence; addiction; nicotine

Introduction

From 2011 to 2019, current e-cigarette use among US high
school students increased from 1.5% to 27.5% [1], prompting
the US Surgeon General to declare a youth vaping epidemic.
An appealing aspect of e-cigarette use to adolescents was the
availability of flavors [2]. Among this population, initial use of
flavored e-cigarettes is associated with progression to current
e-cigarette use [3].

Driven by the results of the 2019 National Youth Tobacco
Survey (NYTS) and other reports of increased use of tobacco
products by youth, the US Food and Drug Administration (FDA)
took action to address this epidemic in December 2019 by
raising the federal minimum age for sale of tobacco products
(including e-cigarettes) from 18 to 21 years and by prioritizing
enforcement against illegal flavored (eg, fruits) e-cigarettes
[4,5]. Likewise, many US states have enacted legislation to
restrict flavored e-cigarettes [6]. In an effort to balance

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27894 | p.621https://www.jmir.org/2022/3/e27894
(page number not for citation purposes)

Chu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:chuk@pitt.edu
http://dx.doi.org/10.2196/27894
http://www.w3.org/Style/XSL
http://www.renderx.com/


considerations for adult smokers trying to quit cigarettes, the
federal flavor ban was focused on cartridge-based products,
such as those sold by JUUL (JUUL Labs)—at the time, the
device used by a majority of youth who were current e-cigarette
users [1].

However, the actions by the FDA may have resulted in
unintended consequences. In the case of e-cigarette–related
policy, loopholes allowed for disposable devices such as Puff
Bar to continue to be sold, even in prohibited flavors. Puff Bars
are single-use, disposable, flavored e-cigarette products. The

design and packaging of Puff Bar are similar to those of JUUL
(Figure 1). Puff Bar e-cigarettes come in 25 different flavors
(eg, strawberry banana). There is evidence that Puff Bar is
targeting its products and advertisements to youth. For example,
the company produced flavor pods (Puff Krush) that are
advertised as an “add-on” for JUUL pods following JUUL’s
removal of most flavors from the US market, which were
extremely popular with youth [7]. In 2020, the NYTS reported
that the use of disposable e-cigarettes among current high school
users increased by approximately 1000% from 2019 [8].

Figure 1. Puff Bar and JUUL comparison. Left: Puff Bar device; right: JUUL device.

On July 13, 2020, Puff Bar announced that they were ceasing
online sales in the United States [9]. One week later, the FDA
announced that it issued warning letters to 10 companies,
including Cool Clouds Distribution, Inc (Puff Bar’s parent
company), to remove their products from the market, citing
their introduction after the 2016 deeming rule bringing all
tobacco products under the authority of the FDA [10]. Puff Bar
was also cited for marketing their product as a modified risk
tobacco product without FDA approval [10]. However, evidence
suggests that Puff Bar sales were continuing despite the FDA
warnings. For example, at the time this article was written, the
Puff Bar website still had a “store locator” function [11] listing
retailers across the US.

The continued sales of flavored products in disposable devices
may be contributing to youth use of products containing high
levels of nicotine. In contrast to contemporary products that
contain freebase nicotine, Puff Bar e-cigarettes contain nicotine
salt formulations (similar to JUUL) that deliver nicotine in a
quickly metabolized and palatable manner, with nicotine
concentrations as high as 5% [12,13]. Research indicates that

users of JUUL’s higher nicotine level products (ie, 5%)
experience symptoms of dependence and acute nicotine effects
[14]. Likewise, nicotine dependence in past-month adolescent
e-cigarette users is significantly associated with increased
nicotine concentrations [15]. Thus, despite the intended goal of
reducing youth tobacco use through legislative and policy
activities, unintended loopholes allowed youth to access the
same products, just in a different form.

Research has consistently found that e-cigarette discussions on
social media platforms can quickly diffuse marketing messages,
activate brand awareness, and reach large numbers of
adolescents [16-18]. An analysis of videos on TikTok, a social
media platform particularly popular with younger populations
[19], found that the 10 most popular videos depicting Puff Bar
were viewed between 2.8 and 42.4 million times and that 2 of
the videos depicted clear youth-related content (eg, an underage
youth purchasing a Puff Bar) [20]. Additionally, during the
COVID-19 pandemic social distancing restrictions, Puff Bar
released an advertisement picturing a bedroom and suggested
that their products would allow for escape from “back-to-back
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zoom calls, parental texts, and WFH [work from home] stress”
(Figure 2) [21].

With growing risk of adolescent use of disposable e-cigarette
devices, studying Puff Bar on social media may offer insight
into topics of discussion and trends that are emerging [22].
Twitter has become a valuable source of publicly observable
data for public health practitioners to better understand attitudes
toward e-cigarette use, advertisements targeted to youth, and
discussions of tobacco regulations [23-26]. Pew Research has
also found that Twitter users tend to be younger than the overall

US adult population [27]. Specifically, Puff Bar-related
discussions on Twitter may give insight into how these products
are being used as an alternative to products that fall under federal
and state restrictions. Evaluating the potential impact of legal
actions related to e-cigarettes will provide important information
to the public health community. Thus, this study sought to
examine Puff Bar-related discussions on Twitter to identify
themes related to tobacco policy as well as unanticipated
outcomes of legal and regulatory loopholes, such as effects from
continued use of flavored, high nicotine concentration salt
formulations, for use in future research.

Figure 2. Puff Bar advertisement during global pandemic.

Methods

Sample Selection
We used the Real-time Infoveillance of Twitter Health Messages
software framework to collect Twitter posts (ie, tweets)
containing the terms “puffbar” or “puff bar” for 1 month from
July 13, 2020, to August 13, 2020 [28]. The Real-time
Infoveillance of Twitter Health Messages allows for real time
collection of all publicly available tweets matching a specified
set of keywords through Twitter’s filtered data stream
application programming interface. This start date aligned with
the date Puff Bar announced ceasing online sales in the United
States [9]. This resulted in 13,304 tweets, of which 4785 (36%)
were retweets and 8519 (64%) were original tweets.

We obtained a 20% random subsample of original tweets
(n=2661) for human coding; this process has previously

demonstrated to be both feasible for human qualitative coding
and generalizable to the full data set [28].

Ethical Approval
The University of Pittsburgh Institutional Review Board (IRB)
determined that the proposed activity is not research involving
human subjects as defined by DHHS and FDA regulations
(STUDY19080214).

Codebook Development
We developed a codebook based on a hybrid process that
included consideration of our research question, prior analysis
of e-cigarette discourse on Twitter [14,29], tobacco policy, and
an inductive analysis of 100 relevant tweets that were not
included in the final sample. First, we included a code for
relevance to the research topic of Puff Bar-related discussions
(relevant). Tweets that did not contain the disposable e-cigarette
Puff Bar as the main topic (eg, “I go to my car to get my puff
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bar and somebody left me a rose on my car. I can’t stop
smiling!”) were deemed not relevant.

Relevant tweets were coded for topics informed by 2 areas of
research, which were nicotine dependence and tobacco policy.
Topics for nicotine dependence included language that suggests
dependence on Puff Bar and signs of nicotine addiction or
withdrawal related to Puff Bar use. These categories were
informed by prior research that examined similar content posted
about JUUL [14]. Topics for tobacco policy included whether

posted content were commercially marketing Puff Bar or a
business selling Puff Bar, references to purchasing a Puff Bar,
references to underage use of Puff Bar, regulations of Puff Bar,
price of Puff Bar, references to Puff Bar flavor, and references
to other e-cigarette products. The codebook was validated
through analysis of 100 relevant tweets that were not included
in the final sample by 2 experienced Twitter coders. Following
this, the final codebook was codified, presenting clear definitions
and examples for each code (Table 1).
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Table 1. Definitions for categorical codes and example tweets. Examples are paraphrased.

ExamplesDefinitionCode and subcode

Puff Bar in relationship to laws or
regulations that could affect use of
Puff Bar

Tobacco policy

Marketing for Puff Bar or shops
selling Puff Bar

Commercial • Check out what our customers are saying about Puff Bar Disposable Pod device!

Reference to illegal purchase of a
Puff Bar or buying a knockoff

Black market • Yo the puff bar black market is wild
• I hope the govt knows they created both the fake puff bar prob & the fake thc

oil problems all by themselves

Concretely obtaining or trying to
obtain Puff Bar

Buying • Can I get a puffbar on Instacart?
• Got a free puff bar at the gas station :)

Underage use (ie, under 21) of Puff
Bar

Underage use • I wish I could explain to you guys how flabbergasted I am to have just met a 5
year old child 2/ a puff bar…he talked about disposable vapes for 5 minutes &
rated various flavors

• This little boy really asked if I could buy him a puff bar and when I did, he went
goat and then says I can’t get it anymore I’m sorry

Regulations on Puff Bar (cannot
buy, cannot access, etc)

Regulations • Why do I gotta be 21 to buy myself a puff bar
• FDA calls for removal of fruity and disposable Puff Bar vapes devices

Price of a Puff BarPrice • Anyways does anyone wanna paypal me 16 dollar so I can buy a fucking puff
bar

• Maaan I shouldn’t have hit ur puff bar bc now my ass is spending $15-20 every
other week on nic

Flavors of Puff BarFlavors • Strawberry banana puff bar is just vaping a gogurt
• Peach ice and lychee seemed to be the favorite/most popular flavors

Other vaping products, including
Puff XXL or JUUL

Other products • Checkout the newest Puff XXL 1600 disposable device
• Why did nobody tell me that air bars get me more puffs than a puff bar plus

they r cheaper

Use of Puff Bar during the pandem-
ic

References to COVID-19 • I hate when my puff bar starts spittng at me. C’mon bitch were in a pandemic!

Puff Bar in association with words
that specify dependence on Puff Bar

Dependence

Puff Bar as a meal or in place of
food, using terms such as meal,
breakfast, lunch, or dinner

Puff bar as a meal • My power meal today: one puff bar plus an energy drink
• Had a whole lychee puff bar as all of my meals today. I’m thriving babeee

Not being able to use Puff Bar to an
external factor such as losing it or
the battery dying

Losing access • On 4 hour drive and my puff bar completely died

• I lost my puff bar for an hour and found it in my bra. Whoops

Self-report of being addicted or de-
pendent on Puff Bar

Self-report • Just tried a puff bar and I’m definitely addicted

• Bought myself a puff bar. Time to bring back my nicotine addiction

Using up Puff Bar quicklyDoes not last • I’ve never been able to make a puff bar last more than 48 hours

• Another day. Time for another puff bar

Puff Bar in association with words
that specify acute nicotine effects

Acute nicotine effects • My puff bar got me buzzing like a bee

• That puffbar feeling - lightheadedness

Quitting Puff Bar or experiencing
signs of nicotine withdrawal from
lack of Puff Bar

Quitting or withdrawal • I have a problem, so after this puff bar runs out, I'm NOT buying another one

• Only positive of being at my parents house is that i finally quit my puffbar
quarantine habit
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Coding Procedures
The tweets were coded by 2 independent individuals, with
adjudication of disagreements by a supervising researcher. The
coders were provided with the tweet text and a URL link to
each tweet. During the coding process, all relevant tweets that
were publicly available at the time of coding were viewed on
Twitter so that visuals in the tweet (eg, images, videos, and
emoji) could also be assessed. The text from unavailable tweets
was still included in the coding and thematic analysis to preserve
comprehensiveness of the original data. The codes were not
mutually exclusive.

We calculated interrater reliability using the Cohen κ, and
disagreements were adjudicated between the 2 coders. In
instances where the coders could not reach consensus, the lead
author had final determination. After 4 rounds of independent
double coding (100 tweets each round), interrater reliability was
considered good to excellent (Cohen κ=0.71-1.00) for all
categories [30]. The remaining tweets were split between the 2
coders for independent coding.

Analysis
We calculated descriptive statistics for each coding category
and used a thematic content analysis approach to analyze
qualitative data [31]. To conduct the content analysis, the coders
wrote annotations and memos throughout the coding process
and highlighted specific words or phrases within tweets that
exemplified the themes. The coders then met with supervising
researchers to synthesize themes with salient examples from
the observed data.

This study was approved by the University of Pittsburgh
Institutional Review Board. To protect tweeters from
identification, all examples provided in the text and tables are
paraphrased versions of original tweets.

Results

Of the random sample of tweets (n=2661), 80.2% (n=2123)
were coded as relevant to the research question. Of these
relevant tweets, 698 (32.9%) tweets discussed topics relevant
to tobacco policy (Table 2). In table 2, the percentages for
subcodes are presented as the percent of tweets within total
tweets for that code.

Table 2. Frequencies of coding categories for relevant tweets (n=2123). Categories are not mutually exclusive; therefore, proportions will not always
add up to 100%.

Frequency, n (%)Code and subcode

698 (32.9)Tobacco policy

320 (45.9)Flavors

124 (17.8)Regulations

117 (16.8)Buying

110 (15.8)Other products

31 (4.4)Black market

36 (5.2)Price

24 (3.4)Underage use

20 (2.9)Commercial

480 (22.6)Dependence

273 (56.9)Losing access

110 (22.9)Self-report

59 (12.3)Puff bar as a meal

47 (9.8)Does not last

52 (2.4)Quitting or withdrawal

50 (2.4)Acute nicotine effects

11 (0.5)References to COVID-19

The most frequent themes relevant to tobacco policy were
references to Puff Bar flavors (n=320, 45.9%; eg, “I bought a
peach ice puff bar and it is so yummy”). There was a similar
prevalence of references to buying Puff Bar (n=117, 16.8%; eg,
“setting my alarm to go the puff bar store tomorrow morning”)
and other products (n=110, 15.8%; eg, “a puff bar only lasts me
a day so switched to viva. Last 3+ days”).

Approximately 22% (n=480) of the tweets referenced
dependence in the context of Puff Bar. A majority of these
tweets referenced losing access to Puff Bar (n=273, 56.9%; eg,
“on a long drive and my puff bar died. Send help. Im so upset”).
Another theme was users tweeting about their Puff Bar lasting
less than 48 hours due to frequent use (n=47, 9.8%; eg, “I
wonder why I can’t breathe yet I go through a puff bar in 2
days”). Additionally, approximately a quarter (n=110, 22.9%)
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of tweets referencing dependence involved the user
self-reporting dependence on Puff Bar (eg, “I need a puff bar
so bad, but I will stay strong. I want to get rid of this mf
addiction”).

Users also reported acute nicotine effects, such as feeling a buzz
or high when using Puff Bar (n=50, 2.4%; eg, “this puff bar
lightheadedness feels so good”). Users reported other symptoms
related to nicotine, such as headaches (eg, “is my headache a
sign of coronavirus or my puff bar addiction?”) and upset
stomach (eg, “I hit my puff bar until my stomach hurts everyday
haha”).

Discussion

Principal Findings
This study examined Puff Bar-related discussions on Twitter
to identify themes related to tobacco policy and dependence.
Despite federal regulations and FDA warnings against Puff Bar,
the results of this study suggest that the purchasing and use of
Puff Bar products are still being discussed on social media.
Discussions of Puff Bar flavors were prevalent, accounting for
a plurality (45.9%) of tweets classified as relevant to tobacco
policy; these products are circumventing a federal ban designed
to protect youth from the appeal of nicotine products. Similarly,
the second most common theme was focused on regulations
(n=124, 17.8%). As a result, the outcome of the FDA ban of
e-cigarette flavors did not reduce demand, but rather shifted
more attention to different e-cigarette brands that utilize a
loophole for disposable devices.

We found similar dependence and acute nicotine effect themes
as prior research on JUUL products and cigarettes, such as
self-report of dependence, frustration over losing access to the
device, compulsive use, and self-reports of physical effects of
nicotine exposure including suppression of appetite [14,32].
Again, this suggests that despite legislative and policy activities
to reduce youth access to and use of flavored, high
nicotine-containing and dependence-forming products, they
continued to be available due to exploitation of loopholes. The
fact that high school students’ use of disposable e-cigarettes
such as Puff Bar increased by 1000% from 2019 to 2020 is
evidence that these loopholes can contribute to continued use
of e-cigarettes by youth.

Due to new federal tobacco policies, discussions about Puff Bar
offer a view into topics relevant to tobacco policy including
e-cigarette regulations and how they might affect access to Puff
Bar (17.9%) and buying Puff Bar (16.8%). The results suggest
that while the legality of Puff Bar sales might be recognized
and discussed by Twitter users, people continue to purchase
them even though the products are banned in the United States.
This is especially alarming considering that commercial content
(ie, posts by retailers) were very low (2.9% of tobacco policy
tweets, 0.9% of all relevant tweets) when compared with other
e-cigarette research [33,34].

The results of this study align with data from the NYTS that
demonstrate a shift to disposable e-cigarettes following FDA
tobacco policies. While the federal flavor ban was enacted to
curb youth e-cigarette use, it is unfortunate that exemptions

created loopholes to allow continued access to flavored products.
While outside the scope of this study, future research should
consider identifying what types of accounts are posting this
content. Specifically, understanding whether commercial tweets
are being posted by Puff Bar users, commercial vendors, news
organizations, or others could help to better inform counter
messaging or preventive measures. Additionally, it would be
valuable for researchers to be guided by a framework that can
address both legal and health concerns. For example, legal
epidemiology, the scientific study and deployment of law as a
factor in the cause, distribution, and prevention of disease and
injury in a population, might inform stronger and more
comprehensive policies [35]. Legal epidemiology involves the
three following components: (1) legal prevention and
control—the study and application of laws and legal practices
as interventions to prevent disease and injury and as enablers
of effective public health administration; (2) legal etiology—the
study of laws and legal practices as causes of disease and injury;
and (3) policy surveillance—the ongoing, systematic collection,
analysis, and dissemination of information about laws and other
policies of importance to health [36]. In combination with
continued real time infoveillance of e-cigarette discussions, this
framework could help better understand how tobacco policy
(eg, age or flavor restrictions) and implementation can affect
health outcomes.

Puff Bar acknowledged that their products were excluded from
the FDA regulation banning most flavors. On February 21,
2020, Puff Bar posted on their official blog a lament about
federal regulations “determined to eliminate vaping as a whole”
stating that “disposable devices like Puff Bars and e-liquid used
in refillable tank systems can still carry flavors like fruits and
desserts” [37]. These, and other similar arguments, have been
used by JUUL in order to continue promoting their products,
particularly through advertisements targeted to adolescents [38].
Puff Bars—which have now resumed sales—have become the
latest device to replace previously banned tobacco products.
Until we are able to develop comprehensive tobacco policy,
new products that capitalize on policy loopholes will continue
to supply the demand for nicotine, particularly by adolescents
through targeted advertisements or flavored products. We
suggest that a framework such as legal epidemiology could offer
a unique lens to understand the confluence of tobacco policy
and health outcomes, helping inform policy makers to better
understand and strengthen the practical implications of tobacco
policies.

Limitations
The results of this study should be considered in the context of
the following limitations. Twitter users are not representative
of the general population, although it is frequently used by
adolescents and young adults [27], a population that also
frequently uses e-cigarettes. While interpretation of tweets using
qualitative analysis can be subjective, we minimized subjectivity
by using a systematic coding procedure and the use of
experienced Twitter coders; nonetheless, these tweets are
discussion of purchasing, rather than the act itself. We also did
not use location data; thus, there is the possibility that some
tweets are by non-US users. Finally, our results are constrained
by the keywords and time period used in our search parameters.
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Future research could expand these parameters to widen the
scope of the investigation.

Contribution to Literature
Here, we summarize the key findings of our research: (1) laws
and regulations around e-cigarettes are rapidly changing in
response to increased concern about the use of the products by
youth, and prior research suggests the focus of flavor bans on
devices such as JUUL may have created a policy loophole that
was filled by disposable devices such as Puff Bar; (2) however,
it is not yet known how Puff Bar is being used as an alternative
to traditional e-cigarettes that fall under federal and state
restrictions; (3) our analysis of tweets related to Puff Bar
suggests that the FDA ban of e-cigarette flavors did not reduce
interest, but rather shifted the discussion to brands utilizing a
loophole for disposable devices and suggests the importance of

using a framework such as legal epidemiology when researching
and evaluating tobacco policy.

Conclusion
This study found similar dependence and acute nicotine effect
themes in Puff Bar-related discussions on Twitter compared to
prior research on JUUL and cigarettes [14]. We also found that
discussions about Puff Bar on Twitter provided insight into
topics relevant to tobacco policy, including flavors, e-cigarette
regulations, and purchasing Puff Bar. Our results, in conjunction
with evidence by the NYTS and other data sources, suggest that
the FDA ban of e-cigarette flavors did not reduce demand, but
rather shifted the supply to brands utilizing a loophole for
disposable devices. Until comprehensive tobacco policy
legislation is developed, new products or loopholes will continue
to supply nicotine demand.
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Abstract

Background: TikTok is a microvideo social media platform currently experiencing rapid growth and with 60% of its monthly
users between the ages of 16 and 24 years. Increased exposure to e-cigarette content on social media may influence patterns of
use, including the risk of overconsumption and possible nicotine poisoning, when users engage in trending challenges online.
However, there is limited research assessing the characteristics of nicotine poisoning–related content posted on social media.

Objective: We aimed to assess the characteristics of content on TikTok that is associated with a popular nicotine poisoning–related
hashtag.

Methods: We collected TikTok posts associated with the hashtag #nicsick, using a Python programming package (Selenium)
and used an inductive coding approach to analyze video content and characteristics of interest. Videos were manually annotated
to generate a codebook of the nicotine sickness–related themes. Statistical analysis was used to compare user engagement
characteristics and video length in content with and without active nicotine sickness TikTok topics.

Results: A total of 132 TikTok videos associated with the hashtag #nicsick were manually coded, with 52.3% (69/132) identified
as discussing firsthand and secondhand reports of suspected nicotine poisoning symptoms and experiences. More than one-third
of nicotine poisoning–related content (26/69, 37.68%) portrayed active vaping by users, which included content with vaping
behavior such as vaping tricks and overconsumption, and 43% (30/69) of recorded users self-reported experiencing nicotine
sickness, poisoning, or adverse events such as vomiting following nicotine consumption. The average follower count of users
posting content related to nicotine sickness was significantly higher than that for users posting content unrelated to nicotine
sickness (W=2350.5, P=.03).

Conclusions: TikTok users openly discuss experiences, both firsthand and secondhand, with nicotine adverse events via the
#nicsick hashtag including reports of overconsumption resulting in sickness. These study results suggest that there is a need to
assess the utility of digital surveillance on emerging social media platforms for vaping adverse events, particularly on sites popular
among youth and young adults. As vaping product use-patterns continue to evolve, digital adverse event detection likely represents
an important tool to supplement traditional methods of public health surveillance (such as poison control center prevalence
numbers).

(J Med Internet Res 2022;24(3):e34050)   doi:10.2196/34050
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Introduction

TikTok is a social media platform that has gained millions of
followers and now has brand recognition comparable to that of
other well-known social media platforms, such as Facebook,
YouTube, and Twitter [1]. TikTok users post, share, and rank
microvideos or short clips (between 15 seconds to 3 minutes in
duration), with the potential for their content to go viral
depending on the level of user interactions, shares, hashtags,
and subject matter [2]. In 2021, TikTok reported 1.2 billion
monthly active users, and 1.5 billion monthly active users are
projected for the end of 2022 [1,3]. It was one of the fastest
growing social media platforms, with over 2 billion total
downloads since its launch [3]. Approximately 60% of monthly
TikTok users in the United States are between the ages of 16
and 24 years [4]—a demographic that is at risk for tobacco
initiation and uptake [5]. Additionally, the platform has also
been identified as a source of pro–tobacco and tobacco product
sentiment [6,7].

Uptake of electronic nicotine delivery systems, as well as
patterns of use, can be impacted by social interactions that occur
in digital environments as a result of exposure to marketing
content, influencers, and other pro–nicotine product sentiment
shared by users [8,9]. Increased social media use among
adolescents can lead to increased willingness and intention to
use e-cigarettes, with reported positive and normative
perceptions [10]. Concurrent with the rise in popularity and
high rate of adoption among youth and young adults on
emerging social media platforms such as TikTok, the increased
popularity and use of electronic nicotine delivery systems has
given rise to a vaping epidemic [11,12]. For example, from
2016 to 2018, there was a 2.9% increase in smoking prevalence
among young adults aged 18 to 24 years in the United States,
and more than one-quarter of 10th graders reported having used
an electronic nicotine delivery system product [13]. Due to this
appeal, vape manufacturers and web-based sellers reportedly
use TikTok influencers and direct marketing and selling of
electronic nicotine delivery system products on the platform,
although public health and tobacco control advocates have also
attempted to use TikTok for health promotions warning about
the risks of vaping [14].

One of the consequences of increased use of electronic nicotine
delivery systems has been the rise in nicotine-related adverse
events and poisoning, which was highlighted by the 2019
outbreak of lung injury associated with use of e-cigarette or
vaping products that led to 2807 hospitalizations or deaths in
the United States [15]. Nicotine poisoning refers to the toxic
effects of nicotine consumption that are beyond an individuals’
tolerance. Poisoning causes nonspecific symptoms such as
nausea, vomiting, tremors, and increased heart rate in early
phases and severe symptoms such as shock, low blood pressure,
and even paralysis in later phases [16]. Complicating this public
safety risk, nicotine poisoning and other electronic nicotine
delivery systems adverse events have increased [17,18], partially

due to the introduction of new nicotine products, some of which
still require market authorization by regulatory agencies [17].
Most nicotine poisoning research and product surveillance is
based on data from government consumer safety organizations
(eg, US National Electronic Injury Surveillance System) or
poison control centers [19], with only a few studies [20] using
social media surveillance to detect adverse events. Nic sick is
a term that has been used to refer to these adverse effects by
users on various social media platforms who post content related
to nicotine sickness [21] and can be used as a keyword to curate
user-generated self-reporting about nicotine sickness topics and
lived experiences.

While TikTok is a platform that can promote and share
beneficial health-related content and possibly mobilize public
health campaigns [22-24], it can also spread harmful information
[25], including content that promotes the use and overuse of
electronic nicotine delivery systems to its large audience of
youth and young adults [18,26,27]. For example, recent
published studies [28,29] that examined health information
videos on TikTok observed that the overall quality of health
information can vary based on the source of content and that
users should be selective and cautious when viewing such
content. Additionally, the findings of systematic thematic
analysis in 2021 [7] showed that a majority of electronic nicotine
delivery system–related TikTok videos portrayed electronic
nicotine delivery system–use positively. Another study [30]
found that disposable electronic nicotine delivery system product
content was popular among TikTok users. Therefore, due to the
growing popularity of electronic nicotine delivery system
content on the platform, in addition to the high burden of
nicotine consumption and risk of nicotine adverse events among
TikTok youth and young adults [31], we aimed to expand on
prior research by examining the specific characteristics of
nicotine poisoning–related TikTok content.

Methods

Ethics
All information used in this study was posted publicly, and the
study did not involve any interaction with users. User
identifiable information was removed.

Data Collection
The hashtag #nicsick was originally selected for review based
on news and media reports on the popularity of the term for
users’ self-reporting experiences and topics associated with
nicotine sickness [21]. The selection of #nicsick as the hashtag
for data collection was confirmed by conducting preliminary
manual searches with the TikTok in-platform search function
for keywords, terms, and hashtags that were used in videos
discussing nicotine sickness content. In addition, we conducted
preliminary Google Trends search terms analysis to assess if
there were any queries or topics related to the nic sick
terminology set for the study period, which did not reveal any
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specific terms for further keyword or hashtag data filtering.
TikTok videos with the hashtag #nicsick were collected
retrospectively in May 2021 by first using structured searches
on the platform without any user log-in credentials, with no
personal search history and with cookies disabled. The URLs
and metadata (eg, date, time, username, favorites) associated
with retrieved TikTok videos using the hashtag #nicsick were
collected and saved using an algorithm (Python, version 3.7.0)
and an automated web browser and automation tool (Selenium,
version 3.141.0; SeleniumHQ). In addition, the videos were
also downloaded and saved for content analysis.

Data Analysis
Content analysis of TikTok videos collected was conducted by
VP, TM, and MN. The videos were manually annotated (using
binary classification—whether the video depicted nicotine
poisoning or nicotine sickness or not) and then inductively coded
for specific themes that emerged, such as showing active vaping,
specific adverse events, or nicotine sickness experiences (Table
1). Furthermore, based on prior research studies [7,32,33] that
have conducted content analysis on TikTok videos, we also
coded the following metrics and associated metadata: (1) user
engagement (views, likes, comments, shares, followers,
verification); (2) video characteristics (duration, caption, text

on screen, subtitles, music); and (3) video type (original, duet,
stitch). An original video is a microvideo uploaded by a TikTok
user and is the primary source of user-generated posts on the
platform. A stitch integrates the user’s own video into another
user's original video by clipping and integrating scenes from
the original video which allows the sharing of existing videos
in combination with new user-generated content. A duet video
builds on another user’s original video, with a new video
recorded alongside the original as it plays and is mainly used
for user reaction videos. VP, TM, and MN coded posts
independently and achieved high intercoder reliability (κ=0.96).
For inconsistent results, senior author TKM was consulted.

After open inductive coding based on our coding schema, videos
with nicotine poisoning content were grouped into main thematic
categories: (1) firsthand and secondhand reporting of suspected
nicotine sickness symptoms (eg, nausea, headache, cough,
stomachache, and regurgitation); (2) videos displaying actual
poisoning-related adverse events; and (3) videos displaying
active vaping while discussing nicotine sickness–related content.
The 2-tailed independent sample t test and Wilcoxon rank-sum
test were used to compare the engagement metrics of videos
with and without active nicotine sickness–related content. All
statistical analyses were conducted using RStudio (version
3.6.1). A P value<.05 was considered statistically significant.

Table 1. Coding scheme for videos.

Coding schemeTheme and subtheme

Nicotine sickness symptom reporting (firsthand or secondhand)

Yes • Videos of users discussing specific symptoms related to nicotine sickness, such as vomiting,
nausea, burning sensation in throat, headache, and fatigue, during or after nicotine use

• Users discussing nicotine sickness symptoms of self or friends, family, and neighbors
• Users discussing clinic/hospital/emergency room visits for alleged nicotine sickness symptoms
• Videos of users seeking suggestions to overcome nicotine sickness symptoms

No • Posting videos on news posts related to nicotine sickness
• Videos on nicotine sickness symptoms by users or public health organizations to create awareness

about nicotine sickness
• Videos unrelated to nicotine sickness using the hashtag #nicsick
• Videos with jokes or sarcasm about nicotine sickness

Displaying poisoning-related adverse
events

• Videos with users displaying symptoms related to nicotine sickness or poisoning

Actively vaping • Users actively vaping while discussing nicotine sickness–related content in the video

Results

A total of 134 TikTok videos with #nicsick were collected, but
2 videos were inaccessible due to user privacy settings and were
excluded from analysis. After manual annotation, we confirmed
that 52.3% (69/132) of videos included content discussing
nicotine sickness, poisoning, or adverse event symptoms, of
which 52 were original videos, 16 were stitches, and 1 was a
duet. Of these 69 videos, 36.23% (n=25) were posted in the
year 2020 and 63.77% (n=44) in 2021; and the earliest was
posted on January 12, 2020, and the latest was posted on May
24, 2021. The videos that were unrelated to nicotine
sickness–reporting primarily depicted content related to vaping

behavior and other topics, but nevertheless, included the hashtag
#nicsick.

Videos with content related to nicotine sickness discussed
specific symptoms, such as vomiting, nausea, burning sensation
in throat, headache, and fatigue, during or after nicotine use.
Apart from posting videos with content on nicotine sickness
experiences, users also asked for suggestions on how to
overcome nicotine sickness symptoms from other TikTok users
who may have previously experienced similar adverse effects
following nicotine consumption. More than one-third of the
videos with nicotine poisoning content (26/69, 37.68%)
portrayed active vaping (including extreme vaping behavior
such as vaping tricks, nicotine overconsumption, attempts at
performing vaping challenges) and 43.5% (30/69) recorded
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users experiencing nicotine sickness, poisoning, or adverse
events, such as vomiting after nicotine consumption. While the
first category of videos with only mentioned users experiencing
various adverse effects during or after nicotine consumption,

the second category of videos recorded the adverse effects, such
as vomiting, nasal discharge, vigorous coughing, directly in the
video (Table 2; Figure 1).

Table 2. Descriptions of #nicsick examples (deidentified).

ExampleDefinitionTheme

Figure 1A is a screenshot of a TikTok video in which the user de-
scribes their own experience with nicotine sickness

A user reporting one or more suspected
nicotine sickness symptoms (nausea, cough,
regurgitation, etc) currently or in the past.

Firsthand (self) and secondhand
reporting of nicotine sickness
symptoms.

Figure 1B and Figure 1C is a screenshot of a TikTok video in which
the user describes their own experience with nicotine sickness Figure
1B shows a user experiencing nasal discharge. Figure 1C shows
user vomiting on the side of the road after making a TikTok.

A user exhibiting one or more adverse events
(regurgitation, cough, etc) related to nicotine
poisoning.

Users displaying adverse events
related to nicotine poisoning.

Figure 1D is a screenshot of a TikTok video in which the user is
seen actively vaping using an electronic nicotine delivery systems
device.

A user actively vaping on video.Users actively vaping

Figure 1. TikTok video screenshots with signal for nicotine sickness (“nicsick”; user information concealed and images blurred).

A total of 67 TikTok users posted the 69 videos with nicotine
sickness content, of which 66 users were unique, while only 1
user (with a follower count of 2487) posted 3 videos, with 2 of
them discussing adverse events after nicotine consumption. The

63 videos with content unrelated to nicotine sickness were
posted by 60 users, of which 57 user IDs were unique, while 3
users posted 2 videos each. Upon comparing the user IDs, we
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found that 3 users had posted signal and nonsignal videos using
the hashtag #nicsick.

Videos with nicotine sickness content had 4415 mean views,
548 mean likes, 4 mean shares, 16 mean comments, and a mean
user follower count of 19,485, and videos unrelated to nicotine
sickness had 52,117 mean views, 1958 mean likes, 31 mean
shares, 30 mean comments, and a mean user follower count of
8669. The follower count of users posting content related to
nicotine sickness was significantly higher (W=2350.5; P=.03)
than that of users posting content unrelated to nicotine sickness.
The mean differences for views (W=1688.5; P=.45), likes
(W=1780; P=.56), shares (W=1733; P=.36), and comments
(W=1811.5; P=.66) between videos with nicotine sickness
content and those without were not statistically significant.

The mean duration of videos with nicotine sickness content was
23.68 seconds (range 4-62 seconds) and the mean duration of
videos displaying active vaping (12.23 seconds) was
significantly shorter (P<.001) than that of videos without active
vaping (30.60 seconds). However, videos displaying nicotine
sickness symptoms were longer in duration (28.57 seconds)
than those not displaying nicotine sickness symptoms (19.92
seconds), albeit the comparison did not meet the threshold set
for statistical significance (P=.08).

Users who posted first- or secondhand experiences with nicotine
poisoning often did not explicitly or implicitly discourage others
from engaging in harmful vaping behaviors such as
overconsumption. Instead, users posting with the hashtag
#nicsick appeared to actively participate in trending vape tricks
or challenges. Some of the phrases heard in TikTok videos
included “nic-sick check” and “where’s my JUUL” while users
intentionally engaged in vaping behavior to generate TikTok
trends (ie, how TikTok uses a hashtag or a song to group
together viral trends within the app).

Discussion

Principal Findings
We found that TikTok users openly discussed their experiences,
both firsthand and secondhand, with nicotine poisoning and
related adverse events via the #nicsick hashtag. This includes
users promoting extreme vaping behavior, discussion of users’
direct experiences with adverse events, and explicit video
documentation of adverse events that appear to elicit user
attention and reaction. We also found that users were more
likely to create original videos as opposed to stitches and duets,
which allow users to imbed and combine existing videos into
their own TikTok post, which can often result in higher user
engagement [34]. User engagement metrics of the videos in our
study indicated moderate and lower compared to general metrics
for popular TikTok videos, although some popular creators have
had higher levels of engagement and mean follower counts.
Additionally, the duration of videos depicting adverse events
or nicotine poisoning symptoms was marginally longer than
those that did not, indicating that videos depicting adverse events
may need to be longer in order to provide sufficient details on
the reported nicotine sickness experiences versus videos that
simply reported or portrayed general vaping behavior.

These emerging forms of microvideo-based social interactions
have the potential to change ways in which susceptible youth
and young adults receive vaping-related behavior cues. For
example, phrases heard in TikTok videos in this study included
“nic-sick check” and “where’s my JUUL” and were associated
with intentional overconsumption of nicotine products that also
appeared to increase user engagement. TikTok’s For You Page
also personalizes content based on user viewing history and can
lead to a continuous cycle of exposure to trending vaping videos,
including those in this study that portrayed overconsumption.
Characteristics of TikTok videos, including use of hashtags,
trending sounds, and video duration, may also represent crucial
opportunities for the introduction of targeted health education
and promotion to warn young users about the documented harms
of vaping, particularly if they are already experiencing and
self-reporting adverse events [35]

Yet, it is important to note that the impact of these videos on
actual knowledge, attitudes, and behaviors of social media users
associated with the appeal, uptake, and use of electronic nicotine
delivery systems remains unclear. Vaping themes detected in
this study seem to demonstrate that users may be promoting
harmful vaping practices, which in turn has the potential to
encourage overconsumption or dangerous nicotine use behavior.
For example, popular internet challenges, including vape
challenges, are rapidly circulated through TikTok—some may
greatly harm the health of participants or encourage others to
engage in similar behavior [25]. However, the motivations of
these users to post #nicsick videos and the reason why they may
or may not become viral require further study, particularly in
the context of how the risk of electronic nicotine delivery
system–related adverse events may be increased. We also found
that there was no clear indication that users experiencing
nicotine sickness were committed to quitting despite their
sickness or poisoning, although a few user videos included
individuals expressing a desire to quit. Instead, users using
#nicsick appeared to be actively participating in trending vape
tricks or challenges, which then led to overconsumption
followed by one or more adverse events, which they then posted.

Combating the youth vaping epidemic requires scrutiny of how
new interactive media, such as TikTok, serves as a source of
vaping-related information and a source of peer influence among
young user communities. Traditional poisoning and adverse
event surveillance systems, such as the National Poison Data
System and the US National Electronic Injury Surveillance
System, may fail to capture these less severe cases captured on
social media platforms, thereby underrepresenting the morbidity
burden of nicotine poisoning [19]. Hence, social media platforms
such as TikTok, may represent an important data source that
can be used to help identify the burden of user-reported nicotine
exposure and poisoning.

Our study narrowly focused on identifying and characterizing
how nicotine poisoning–related content is created and shared
through TikTok’s microvideo posts. Future studies should focus
on examining the complex interplay between user exposure and
the appeal of TikTok pro–tobacco and vaping content, the
dynamics of how this content is shared and propagated on these
networks, how it impacts real-world use patterns and vaping
behavior, and finally, how these factors may impact safety and
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health issues, such as adverse events. Though TikTok’s policies
state that content which offers the purchase, sale, trade, or
solicitation of tobacco products (including vaping products) is
prohibited [36]. Our study results indicate that content related
to excessive or potentially dangerous smoking or vaping
behavior does not fit this criterion, although the utility of
removing such content is also unclear.

Limitations
We used a single platform and a fixed data collection period.
Hence, the results may not be representative of all nicotine
sickness content on social media. While TikTok is a popular
social media platform, the demographics of TikTok users may
not reflect those of the general population of electronic nicotine
delivery system users. Furthermore, study data were limited to
results for videos queried and returned by TikTok’s internal
search function, which may further limit generalizability. We
used a single hashtag, #nicsick, based on a combination of
open-source news reports, manual searches, and a preliminary
Google Trends analysis to justify inclusion and due to the
narrow focus of the study on nicotine sickness–related content.
Hence, this study might have missed capturing additional
nicotine sickness content with other hashtags that may have
focused on specific electronic nicotine delivery system products,
vaping behavior and challenges, and other nicotine and
vaping–related topics with content related to nicotine sickness
or adverse events. Furthermore, we did not cross-validate
user-generated content with other data sources of nicotine
sickness reports or cases, such as data from poison control

centers, and we did not explore user interaction or social network
characteristics of web-based user networks where videos with
nicotine poisoning content was shared, viewed, or interacted
with, via favorites or comments, in-depth. Future studies should
conduct more comprehensive and large-scale data analysis of
nicotine-related adverse events on TikTok compared with those
on other social media platforms. Future research can explore
further analysis of characteristics of videos including hashtags,
trending sounds, and video duration, which may help curate
targeted health education and promotion against vaping use.

Conclusion
While we observed discussions and experiences with nicotine
poisoning and adverse events on TikTok, further research is
needed to assess how this unique social media risk environment
impacts user perceptions about the known harms of vaping and
which health promotion strategies can be tailored for youth
experiencing vaping-related adverse events. Although other
electronic nicotine delivery system–promoting content on
TikTok may influence tobacco use behavior, #nicsick-specific
content represents user-generated experiences directly associated
with adverse events or poisoning due to nicotine
overconsumption, which could be an alternative form of
surveillance to better characterize this likely underreported
public health issue. Supplementing traditional surveillance
methods with infodemiology and infoveillance approaches can
help in capturing the nicotine sickness cases that are not reported
to poison control centers and assess the growing health burden
due to nicotine use more appropriately.
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Abstract

Background: A critical unmet need for underserved patients with diabetes is regular access to sufficient support for diabetes
self-management. Although advances in digital technologies have made way for eHealth applications that provide a scalable path
for tailored interventions for self-management of chronic conditions, health and digital literacy has remained an obstacle to
leveraging these technologies for effective diabetes self-management education. Studies have shown that the availability of
coaches helps to maintain engagement in internet-based studies and improves self-efficacy for behavior change. However, little
is known about the substances involved in these interactions.

Objective: This study aims to compare the content of conversations between patient–coach pairs that achieved their
self-management goals and those that did not. The context is a clinical implementation study of diabetes self-management behavior
change using Health360x within the practices of the Morehouse Choice Accountable Care Organization in the Atlanta metro
area. Health360x is a coach-assisted consumer health information technology designed to support self-management skills acquisition
and behavior among underserved, high-risk patients with diabetes.

Methods: We provide a novel analysis of the discursive emphasis on patients and coaches. We examined transcripts of visits
using a structural topic model to estimate topic content and prevalence as a function of patient and coach characteristics. We
compared topics between patient–coach pairs that achieved diabetes-related self-management goals and those who did not. We
also estimated a regression in which utterances are the units, the dependent variable is the proportion of an utterance that is about
a given topic, and the independent variables are speaker types and explored other themes.

Results: Transcripts from 50 patients who were recruited and consented, starting in February 2015, were analyzed. A total of
44 topics were estimated for patient–coach pairs that achieved their intended health goals and 50 topics for those who did not.
Analysis of the structural topic model results indicated that coaches in patient–coach pairs that were able to achieve self-management
goals provided more contextual feedback and probed into patients’ experience with technology and trust in consumer information
technologies. We also found that discussions around problem areas and stress, support (βCoach=.015; P<.001), initial visits
(βCoach=.02; P<.001), problems with technology (βCoach=.01; P<.001), health eating goals (βCoach=.01; P=.04), diabetes knowledge
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(βCoach=.02; P<.001), managing blood sugar (βCoach=.03; P<.001), and using Health360x (βCoach=.003; P=.03) were dominated
by coaches.

Conclusions: Coach-facilitated, technology-based diabetes self-management education can help underserved patients with
diabetes. Our use of topic modeling in this application sheds light on the actual dynamics in conversations between patients and
coaches. Knowledge of the key elements for successful coach–patient interactions based on the analysis of transcripts could be
applied to understanding everyday patient–provider encounters, given the recent paradigm shift around the use of telehealth.

(J Med Internet Res 2022;24(3):e23535)   doi:10.2196/23535

KEYWORDS

self-management; structural topic modeling; coaching; diabetes; minority populations; mobile phone

Introduction

e-Patients are a relatively new breed of informed health
consumers comprising 61% of all adults in the United States
using technology to equip, enable, empower, and engage with
relevant health-related information [1]. Despite increasing access
to wireless and mobile technology among minority and
vulnerable populations, there is still a higher trend in the
adoption of digital health technologies among disproportionately
advantaged groups, such as young, White males [1-3]. It is
known and well-accepted in the disparities research community
that health and digital literacy are barriers to the increased use
of eHealth technologies among minority and vulnerable
populations. These obstacles include lack of perceived value,
technologies creating more work, materials not in appropriate
reading levels to make informed health decisions, lack of
cultural relevance (ie, accessing sources in their respective
language), and privacy and trust concerns [4]. These barriers
are a function of individual characteristics, including
socioeconomic status, education, and less access to change
agents, among other factors that are associated with higher rates
of attrition in internet-based studies [5-7]. Higher rates of
attrition are even more noticeable among minority and
underserved populations, who are also disproportionately
challenged by intervention factors, including usability problems,
complexity, and ease of discontinuance [4]. The net result is a
lack of diffusion of innovations among vulnerable populations
and a worsening of disparities in health outcomes [8], that is,
the uneven adoption of digital health innovations by minority
and other vulnerable populations because of health and digital
literacy exacerbates existing disparities in health.

An area where there is an agreement in the literature is that
health and digital literacy are obstacles to the use of eHealth
technologies for implementing tailored health interventions that
support self-management of chronic conditions, particularly
diabetes [7]. A typical example for diabetes is the challenge
with the delivery of appropriate and effective diabetes
self-management education (DSME) to vulnerable populations.
Multiple studies have found that diabetes DSME is associated
with improved diabetes knowledge and self-care behavior [9],
improved clinical outcomes such as lower hemoglobin A1c [10],
lower self-reported weight [11,12], improved quality of life
[13], healthy coping [13,14], and lower costs [15]. Diabetes
education is associated with increased use of primary and
preventive services and lower use of acute, inpatient hospital
services [16], and patients who participate in DSME are more

likely to follow best practice treatment recommendations,
particularly among the Medicare population. A critical issue
and unmet need for underserved patients living with diabetes
is the regular access to sufficient support for effective diabetes
self-management. Better outcomes were reported for DSME
interventions that were longer and included follow-up support,
that were culturally appropriate and age appropriate, and that
were tailored to the individual psychosocial needs and
behavioral preferences [17,18].

Prior studies indicate that the availability of a trusted partner
(coach) helps to improve user experience with health technology
for DSME, including perceived relevance and ease of use [19],
among vulnerable populations who face health and digital
literacy barriers and higher rates of attrition. The support of a
coach improves engagement with technology, and accountability
improves adherence to and self-efficacy for behavior change
[20]. In this patient–coach relationship, coaches are not
intermediaries between patients and health information but serve
as an apomediary, that is, a guide to relevant information and
services for the patient [19]. Much has been theorized about
what leads to successful patient–coach relationships; however,
what is less understood is the content of patient–coach
interactions.

In this paper, we aim to evaluate the discursive emphasis on
patients and coaches engaged in DSME. To do so, we will
leverage self-reported patient data and >100 hours of recorded
transcripts from a clinical implementation study of Health360x,
a coach-assisted consumer health information technology
(CHIT) designed to support diabetes self-management skills
acquisition and behavior for underserved, high-risk patients
living with diabetes [19]. The platform is available as a web
application and mobile app and includes functionality for
improving health literacy and self-efficacy through access to a
health coach, a social network of peers, a curriculum of DSME
materials, and a health tracker that can record blood pressure,
BMI, physical activity, and self-management goals.

In what follows, we provide some background on the study
from which the data were generated. We then provide a novel
analysis of the discursive emphasis on patients and coaches
from transcripts of visits using a structural topic model (STM)
to estimate topic content (ie, characteristic words in a topic)
and prevalence (ie, proportion of an utterance that is related to
a topic) as a function of patient and coach characteristics. We
conclude with a discussion of our results, limitations, and
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directions for future work on the use of coach-assisted CHIT
for DSME.

Methods

Transdisciplinary Collaborative Center Project
Longitudinal data and transcripts of patient–coach interactions
were taken from a clinical implementation study of Health360x,
a coach-assisted CHIT designed to assist with chronic illness
care through behavior change [19,21]. It is important to note
that as an implementation study, there was no intervention or
control arm as the goal of the study is not to make
generalizations to a broader population [22]. The research design
of the study focused almost exclusively on external validity. As
such, countless hours were spent working with clinical practices
through focus groups and plan-do-study-act cycles to ensure
clinical readiness. The goal of the transdisciplinary collaborative
center was to study the implementation across several clinics
that are part of the Morehouse Choice Accountable Care
Organization (MCACO).

Health360x was developed at the Morehouse School of
Medicine and evaluated within the MCACO. MCACO is a
physician-led integrated delivery model participating in the
Medicare Shared Savings Program offered by the Centers for
Medicare and Medicaid Services Innovation Center [23]. The
MCACO partner practices care for a disproportionate share of
high-need, complex populations and endure extraordinary
challenges in managing the use, with comparatively limited
resources. The Health360x implementation at MCACO was
nested within the MCACO’s Centralized Care Coordination
model. This synergistic approach represents a health system
where an African American majority patient population spends
time and receives primary health care.

To determine health practice readiness for inclusion in the study,
key individuals within the practice were identified for a focus
group. For a clinic to participate, their front office manager,
practice manager, lead physician, and (optionally) patients living
with diabetes were required to participate in this focus group.
The goal of this focus group was to delineate patient experiences
and practice workflow for patients living with diabetes. Findings
from focus group discussions were then used to identify and
address issues around recruitment, signup, and visits through a
plan-do-study-act cycle from select practices. In total, we
recruited between 3 and 5 individuals across 5 sites for a total
of 25 individuals for these focus groups.

Health coaches from within and outside of clinical practices
were also recruited. The preferred characteristics included the
following: (1) certified by Americans With Disabilities Act with
the tool Fundamentals of Diabetes Care; (2) previous experience
with living with diabetes either directly or through providing
care for a family member or patient; (3) health care professionals
with previous experience in educating patients living with
diabetes; and (4) soft skills, including being considerate,
responsible, dependable, and understanding within their
community. A total of 4 health coaches were recruited by
participating in health practices. This included 3 foreign-trained
physicians, including 1 man in his late 30s whose second

language was English, and 2 female physicians in their late 30s
who were native English speakers. The final coach was a
licensed practical nurse in her late 50s. All coaches identified
as Black, with 50% (2/4) of coaches identifying as African and
the others as African American.

Health coaches interacted with a slate of patients identified
through the MCACO practices and established communication
with the practice to facilitate patient self-management support.
Approximately 20-30 patients across 4 practices were selected,
obtained consent from, and trained on the use of Health360x to
report outcomes of self-efficacy; overall health, including blood
pressure, blood glucose, exercise, sleep, and quality of life; and
satisfaction with care. A total of 200 patients were screened for
being at high risk of living with diabetes. A total of 100 patients
were excluded as they did not meet the eligibility criteria for
the study or were part of a clinical site that was ultimately
deemed not practice ready, leaving 100 patients to be allocated
the intervention.

Ethics Approval
This study was approved by the Morehouse School of Medicine
Institutional Review Board (approval number 674).

Inclusion Criteria
Included in the study were adults living with diabetes at high
risk of complications and mortality, as defined by the presence

of obesity or overweight status (BMI>25 kg/m2); tobacco use;
history of depression; systolic blood pressure >140 mm Hg and
diastolic blood pressure >90 mm Hg; hemoglobin A1c >7%;
recent hospitalization or emergency room visit for uncontrolled
diabetes or hypoglycemia; history of renal disease defined as
estimated glomerular filtration rate <60 mg/mmol; and history
of heart attack, angina, claudication, or cerebrovascular disease.

Training
Health coaches were required to complete 4 sessions of training.
These sessions included training on diabetes knowledge,
diabetes management and prevention, cultural competencies of
the target population, working with low-literacy populations,
patient recruitment and retention, confidentiality, and familiarity
with data collection tools. Coaches were also required to
complete web training and certification by the American
Association of Diabetes Educators titled Fundamentals of
Diabetes Care. Finally, the coach training sessions also included
hands-on training on Health360x.

A total of 6 hours of training sessions were required to be
completed by patients before the start of participation. The
training was conducted at the Morehouse School of Medicine
and covered the role of health coaches as navigators; the use of
Health360x, glucose meter, blood pressure monitor, and
pedometer; and process for downloading data. Patients with
access to a computer or personal smartphone compatible with
Health360x were instructed on how to access or download the
app. Those patients who did not have access to a computer or
personal smartphone that is compatible with the mobile app
relied on a kiosk at the practice that was accessible when they
visited their coach. The Health360x application access and
training were completed through a combination of YouTube
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videos, and a handbook detailing steps for using the application
was also provided to patients.

Patient and Coach Visits
The health coach met with patients at the practice during
scheduled visits. The purpose of each visit was to advance the
patients’ self-efficacy for self-management of their diabetes.
During the initial visit, patients were asked to select individual
diabetes-related self-management health goals around being
active, healthy coping and eating, monitoring, problem solving,
reducing risky behaviors, and taking medication. At each
subsequent visit, coaches ascertained the barriers the patient
experienced through the use of motivational interviewing. Once
these barriers were identified, incremental steps to address them,
which the patient suggested or agreed with, were made.
Techniques such as behavioral contracting were incorporated
into the process. All interactions between patients and coaches
were between 20 and 40 minutes. All meetings were digitally
recorded and transcribed using a third-party transcription
service. As a rule, initial schedules for interactions were every
2 weeks for the first 2 months and then monthly for 4 months.

Statistical Analysis

Primary Outcome in Transdisciplinary Collaborative
Center Study
The primary outcome of interest in the study was self-efficacy
for behavior change, which is a predictor of intention and
behavior. Self-efficacy was measured using a self-reported
10-point General Self-Efficacy Scale at each follow-up visit. A
patient was determined to have achieved their self-efficacy goals
if they self-reported a score ≥7.

Sample Size
Our sample size calculation was based on a systematic review
and meta-analysis that included 85 high-quality published
studies of internet-based behavioral health interventions with
a total sample size of 43,236 patients [24]. On average,
interventions with more extensive use of theory were associated

with increases in effect size (P=.049). Interventions based on
the theory of planned behavior tended to have substantial effects
on behavior (Cohen d=0.36, 95% CI 0.15-0.56). Health360x
was designed with particular attention to the incorporation of
theory-driven behavioral change techniques such as an enriched
information environment (current diabetes knowledge and
curriculum), self-monitoring with color-coded feedback, goal
setting, identifying barriers, and problem solving. Our a priori
power analysis indicated that a minimum sample size of 97 was
required to detect an anticipated effect size of 0.36, assuming
a desired power and significance level of 0.8 and 0.05,
respectively. Therefore, we recruited 100 patients for this study.

Topic Modeling
To explore the substance of conversations between patients and
coaches, we used a topic model. This statistical machine learning
method identifies common themes in a corpus of documents,
or in our case transcripts, and is based on the intuition that
particular words are associated with particular topics. Formally,
each utterance in a conversation is represented as a vocabulary
multiset with corresponding word counts (also referred to as a
document-term matrix). Each word in this vocabulary has some
associated probability that it belongs to a given topic. If we
think of a conversation as representing a random mixture of
topics that are in turn defined by a set of characteristic,
high-probability words, we can infer latent topics.

Topic modeling has been shown to reliably uncover
conversational topics from transcripts between patients and
providers in clinical settings [25,26]. Figure 1 provides a visual
example of how this works from a snippet of the conversation
between a patient and a health coach. Characteristic words are
highlighted in yellow, green, and blue and correspond to eating,
anxiety, and finances, respectively. Taken together, we can see
that this conversation is about anxiety and stress, leading to
overeating. However, the snippet can be further broken down,
and a topic model estimates the proportion of the conversation
that corresponds to each of these topics based on the observed
vocabulary.

Figure 1. Example topic proportions and assignment.

We use an STM [27] for 2 main reasons: first, the STM extends
traditional probabilistic models such as the Blei et al [28] latent

Dirichlet allocation and the Blei and Lafferty [29] Correlated
Topic model to incorporate document metadata into the analysis
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of latent topics. This was done by defining a generative process
that produces documents, that is, utterances, with associated
data, given document-topic and topic-word distributions, and
using a variational optimization algorithm to estimate topic
model parameters. Each conversation and utterance was made
up of different proportions of the estimated topics. Incorporating
speaker metadata into our topic modeling allowed us to
explicitly model the association among patients, coaches, and
topics of conversation, that is, the way the characteristics of
patients and coaches were associated with the proportion of a
specific topic in a given utterance. In our topic model, we
included the speaker’s age, gender, and race and ethnicity, as
well as that of the person they are speaking with and whether
the speaker was a coach. We estimated a regression in which
utterances were the units, the dependent variable was the
proportion of an utterance that is about a given topic, and the
independent variables were speaker types.

The second reason we used the STM relates to what is a
common subjective decision made when using topic models:
the number of topics to estimate. This decision was generally
arbitrary. To avoid any human-injected bias in our analysis, we
leveraged a data-driven approach to select the number of topics
based on the identification of anchor words that exist in a
document only if the document is about a specific topic. The
Mimno and Lee [30] algorithm automatically selects distinctive
and probable anchor words from which a number of topics can
be reliably estimated. As the authors of the STM indicate in
their documentation of their software in R (R Foundation for

Statistical Computing), the primary advantage of this approach
is that the number of topics to be estimated is automatically
selected by the algorithm.

Results

Patient Sample Characteristics
A total of 100 high-risk patients with diabetes were recruited,
and they consented to participate in this study from February
2015 over 5 years. Of the 100 patients, 18 (18%) patients were
lost to follow-up before starting any coaching sessions, leaving
82 (82%) patients with at least 1 and as many as 11 follow-up
visits. A total of 195 patient–coach follow-up visits were
completed throughout the study, with an average of 2.35 (SD
1.98) follow-up visits per patient and 4.79 (SD 5.77) goals per
patient. Of the 82 patients, 3 (4%) patients specified 1
diabetes-related self-management health goals, 18 (22%) patients
specified 2 goals, 15 (18%) patients specified 3 goals, 8 (10%)
patients specified 5 goals, 4 (5%) patients specified 7 goals, 1
(1%) patient specified 8 goals and another 15 goals, and 1 (1%)
remaining patient specified 24 goals. Of the 82 patients who
participated in the study, transcripts were analyzed for 51 (62%)
patients. Digital recordings for the remaining 38% (31/82) of
patients were of bad quality and, therefore, were not uploaded
or corrupted during transcription. Most patients were Black and
African American (45/51, 88%) and between the ages of 45 and
65 years (40/51, 78%). Table 1 provides a complete breakdown
of patient demographic characteristics. Textbox 1 provides a
sample of diabetes-related self-management goals.
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Table 1. Patient demographic characteristics (N=51).

Values, n (%)Characteristics

Age range (years)

1 (2)18-24

3 (6)25-34

2 (4)35-44

22 (43)45-54

18 (35)55-65

3 (6)>65

2 (4)No response

Gender

25 (49)Male

26 (51)Female

Race and ethnic background

1 (2)Asian or Pacific Islander

45 (88)Black or African American

1 (2)Hispanic or Latino

2 (4)White

1 (2)Indian or Alaskan Native

1 (2)No response

Insurance

17 (33)No insurance

12 (24)Medicare

15 (29)Medicaid

5 (10)Dual eligible

2 (4)No response
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Textbox 1. Frequency of the number of health subgoals.

Health subgoals

• Exercise longer

• Cope with diabetes

• Get support from my medical team

• Get support from my family and friends

• Get preventive help

• Stop smoking

• Check my feet

• Lose weight

• Get blood pressure under control

• Learn to have a safe pregnancy

• Follow my eating schedule better

• Eat better food

• Overeat less often

• Check my blood sugar more often

• Miss fewer blood sugar checks

• Do my blood sugar checks on time more often

• Prevent high blood sugars

• Treat high blood sugars

• Prevent low blood sugars

• Treat low blood sugars

• Manage diabetes when sick

• Miss fewer medications

Structural Topic Model

Preprocessing
In total, our corpus included >17,000 talk turns, that is, an
utterance or spoken statement in a conversation. To explore
differences between topics of conversation between
patient–coach pairs that achieved their health goals and those
that did not, we split the corpus into successful patient–coach
pairs (achieved) and patient–coach pairs that did not achieve
the intended health goals (not achieved). This left us with 7196
talk turns in the achieved corpus and 9644 talk turns in the not
achieved corpus. We then preprocessed each corpus using the
textProcessor function in the STM R package to remove
punctuation, stop words, numbers, and stemming. This produced
a final document-term matrix with 6737 talk turns and a
vocabulary of 1444 terms for the achieved group and 8663 talk
turns and 1952 terms for the not achieved group. Patients
represented more talk turns, that is, spoke more, in both the

achieved and the not achieved groups, 60% (4318/7196) and
63% (6076/9644), respectively.

Topical Content
A total of 44 topics were estimated for patient–coach pairs that
achieved their intended health goals and 50 topics for those who
did not. In line with common practice, our approach to assigning
labels to topics began by reviewing topic model outputs to
identify potential topics based on the coherence of characteristic
word forms. We then reviewed the high-scoring conversations
for each topic to determine the topic labels. Where there was a
clear topical theme in the first N talk turns, we validated the
topic label. In general, a clear theme emerged within the first
30 talk turns. A review of high-scoring talk turns was completed
collaboratively by 4 reviewers until a consensus on topic labels
was reached. Of the 44 topics estimated for the achieved group,
13 (29%) coherent topics emerged, as presented in Textbox 2.
Textbox 3 provides the results for the second STM of the not
achieved group, which produced 10 coherent topics.
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Textbox 2. Structural topic model 1 for patient–coach pairs that achieved health goals.

Topic 3: healthy eating

• Eat

• Much

• Littl

• Meal

• Sometim

• Even

• Pretti

• Plan

• Ive

• Cook

Topic 5: monitoring blood pressure and blood sugar

• One

• Ten

• Twenti

• Hundr

• Fifteen

• Forti

• Twentieth

• Salad

Topic 6: healthy coping

• Diabet

• Feel

• Make

• Tell

• Confid

• Can

• Manag

• Enough

• Clear

• Prepar

Topic 13: use of consumer health information technology

• Use

• Password

• Ask

• Year

• Answer

• Comput

• Yesterday

• Long

• Past
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Topic 18: healthy snacking

• Like

• Look

• Healthi

• Snack

• Always

• Challeng

• Per

• Made

• God

• Seem

Topic 22: goal setting and habits

• Want

• Mean

• Lot

• Youv

• Hous

• Line

• Note

• Never

• That’

Topic 25: Health Insurance Portability and Accountability Act and diabetes knowledge (initial visit)

• Health

• Inform

• Twelv

• Follow

• Account

• Reduc

• Accept

• Moham

• Higher

• Behavior

Topic 26: sleep

• Well

• Start

• Sleep

• Did not

• Went

• Bed

• Oclock

• Fill

• Sound
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Hurt•

Topic 30: monitoring for diabetics

• Blood

• Sugar

• Check

• Morn

• Test

• High

• Prevent

• Weight

• Urin

• Cholesterol

Topic 31: follow-up visit

• Two

• Come

• Week

• Back

• Month

• That’s

• Appoint

• Thursday

• Within

• You will

Topic 38: diabetes knowledge test

• Glucos

• Exercis

• Insulin

• Low

• Blood

• Juic

• Lower

• Drink

• Fat

• Effect

Topic 43: health coping and strategies (coaching)

• Problem

• Stress

• Situat

• Serious

• Barrier

• Somewhat

• Live
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Import•

• Way

• Facebook

Topic 44: goal assessment and progress (coaching)

• Said

• Anyth

• Continu

• Modifi

• Were not

• Alright

• Tomorrow

• Say

• That’

• Ive
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Textbox 3. Structural topic model for patient–coach pairs that did not achieve health goals.

Topic 1: medication

• Take

• Medic

• Medicin

• Side

• Took

• Wednesday

• Taken

• Have not

• Does not

• Gave

Topic 2: problem areas, and stress and support

• Feel

• Diabet

• Confid

• Umm

• Hot

• Track

• Level

• Control

• Comfort

• Live

Topic 9: Health Insurance Portability and Accountability Act and diabetes knowledge

• Help

• Health

• Care

• Inform

• Plan

• Idea

• Access

• Program

• Save

• Studi

Topic 14: problems with technology

• Use

• Way

• Password

• Pretti

• Email

• Step

• Happen

• Ahead
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Open•

• Somewher

Topic 15: healthy eating goals

• Eat

• Hmm

• Goal

• Food

• Bettwe

• Set

• Schedul

• Term

• Active

• Healthi

Topic 20: diabetes knowledge test

• Blood

• Much

• Glucos

• Pressur

• Insulin

• Test

• Drink

• Enough

• Juic

• Check

Topic 21: social determinants

• Year

• Type

• Famili

• Ago

• Friend

• Person

• Meet

• Hes

• Son

• Brother

Topic 22: sleep

• Might

• Sleep

• Night

• Bed

• Monday

• Past
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Friday•

• Somebodi

• Wake

• Troubl

Topic 44: managing blood sugar (coaching)

• Sugar

• Also

• High

• Blood

• Low

• Read

• Class

• Prevent

• Knowlegd

• Impact

Topic 49: using Health360x

• Can

• Put

• Now

• Enter

• Sheet

• Consent

• Link

• Pro

• Mix

• Anytim

Coaching and Contextual Feedback
We found quite a bit of overlap between topics of discussion
between the 2 groups (eg, healthy eating, diabetes knowledge,
and sleep). However, we found more coherent, that is,
meaningful, topics that capture coaching in the achieved group
versus in the not achieved group. Further investigation of
high-scoring talk turns and the broader conversation that they
were a part of provides many examples of coaches providing
contextual feedback and incorporating this feedback into the
patient’s strategy. Multimedia Appendix 1 provides 2 examples
of such conversations. In the first example, which is taken from
a high-scoring conversation on healthy coping and strategies,
we see that after the coach first probes the source of anxiety
and stress that is leading to overeating, acknowledges the
patient’s feelings, and contextualizes how their anxiety and
stress lead to overeating, only then does the coach start
discussing a plan to reduce overeating by focusing on the
identified stressors. The next sample conversation was around
healthy eating. The coach begins the conversation by recentering
the patient around the goal of getting their blood sugar down

through exercise and healthier eating habits. The conversation
quickly zeroes in a specific challenge in implementing this
strategy: not eating on a regular schedule as the patient was not
hungry at regular mealtimes. Only then does the coach provide
contextualized feedback around what, when, and how much to
eat.

User Experiences With CHIT
Another clear theme in our analysis of the topic model results
was conversations around user experiences with CHIT. We
found that CHIT use in the not achieved group focused almost
exclusively on technical issues and how to use Health360x.
Multimedia Appendix 2 provides 2 examples from the not
achieved group. In the first example, the coach expresses
frustration with technical issues that require troubleshooting
Health360x during a demonstration with a patient. The second
example is from a conversation in which the patient and coach
work together to reset the password (a common theme
throughout the study was remembering passwords) and then
updating the patient’s health record on Health360x.
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Conversely, the topic on the use of CHIT in the achieved group
contained multiple examples of coaches probing user
experiences with technology. Multimedia Appendix 3 provides
3 examples of coaches asking probing questions on CHIT use
in the achieved group. These questions ranged from familiarity
with technology and use of the internet to how trusting the
patients are of consumer information technologies, including
sharing their health and other information on those tools. What
we found to be particularly interesting is that we did not find a
topic in the achieved group that resembled issues with using
Health360. This suggests that understanding a patient’s
experiences with technology can lead to better coaching around
the use of technology. This, in turn, can lead to better
engagement with CHIT, self-management behavior changes,
and health outcomes.

Who Dominates Topics of Conversation: Patients or
Coaches?
In the achieved group, we found that healthy eating was much
more likely to be discussed by patients. The average proportion
of conversations about healthy eating across all patient and
coach interactions, that is, E (topic prevalence), was 0.026 or
2.6%. Being a coach was associated with an increase of 4.9%
(βCoach=.049; P=.02) in the healthy eating topic proportion of
a given utterance. The average proportion of conversations
around follow-up visits and coaching in the form of goal
assessment and progress across all visits was 3.4% and 0.8%,
respectively. Being a coach was associated with an increase of
3% (βCoach=.03; P=.007) and 0.3% (βCoach=.003; P=.01) in the
proportion of utterances related to follow-up visits and coaching
in the form of goal assessment and progress. All other coherent
topics in the achieved group were equally as likely to be
discussed by either coaches or patients.

Conversations in the not achieved group were dominated by
coaches. This included a 1.5% increase in the proportion of an
utterance on problem areas, and stress and support (βCoach=.015;
P<.001; E [topic prevalence]=0.012), a 2.4% increase related
to initial visits (βCoach=.024; P<.001; E [topic
prevalence]=0.012), a 1.3% increase around problems with
technology (βCoach=.013; P<.001; E [topic prevalence]=0.012),
a 0.8% increase in health eating goals (βCoach=.008; P=.04; E
[topic prevalence]=0.03), a 1.7% increase in the proportion of
diabetes knowledge (βCoach=.017; P<.001; E [topic
prevalence]=0.02), a 3% increase in speaking about managing
blood sugar (βCoach=.03; P<.001; E [topic prevalence]=0.02),
and a 0.3% increase in speaking about using Health360x
(βCoach=.003; P=.03; E [topic prevalence]=0.03). A total of 2
exceptions were the proportion of an utterance on medication
(βCoach=−0.008; P=.009; E [topic prevalence]=0.02) and social
determinants (βCoach=−0.02; P<.001; E [topic
prevalence]=0.012), which were positively associated with
patients.

Figures 2 and 3 present the mean difference in topic proportions
as a function of whether the speaker was a coach or a patient,
that is, which topics were more likely to be discussed by coaches
versus patients. Also included in the plots are CIs indicating a
statistically significant difference between the 2 groups.
Although we found quite a bit of overlap between topics of
discussion between the 2 groups, plotting the mean difference
in topic proportions across all coherent topics indicated that
conversations in the achieved group were equally distributed
between patients and coaches. However, topics of conversation
between patients and coaches in the not achieved group did not
include 0 in their 95% CIs, indicating that these topics were
dominated, and therefore more likely to be driven, by coaches.
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Figure 2. Mean difference in achieved topic proportions—patients versus coaches. BP: blood pressure; HIPAA: Health Insurance Portability and
Accountability Act; IT: information technology.

Figure 3. Mean difference in not achieved topic proportions—patients versus coaches. HIPAA: Health Insurance Portability and Accountability Act.
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Discussion

Principal Findings
In this paper, we present the results of a novel analysis of the
discursive emphasis on patients and coaches. The dialog is
derived from an implementation of Health360x, a coach-assisted
CHIT designed to support diabetes self-management skills
acquisition and behavior for underserved, high-risk diabetic
patients. Thematic analysis of conversations clustered using
STM results of patient–coach interactions indicates that in
patient–coach pairs that were able to achieve self-management
goals, coaches provided more contextual feedback and probed
into patients’ familiarity with technology and use and trust of
consumer information technologies. We also found that topics
of conversation between successful patient–coach pairs were
equally distributed, whereas discussions with patients who were
unable to achieve enhanced self-efficacy for diabetes-related
self-management were dominated by coaches.

Limitations
There are a few limitations of the analysis presented in this
paper. First is the small corpus of transcribed conversations. As
with all machine learning algorithms, the more training data,
the better the models perform. Typically, topic models are used
on corpora with tens of thousands of talk turns; however, we
analyzed significantly less (approximately 17,000) talk turns.
With that said, the methodological novelty of this paper is the
incorporation of covariates into our estimation of topic models
using the STM. Although we had a smaller than expected
corpus, we found that we could reliably identify latent topics
in comparatively smaller corpora by incorporating metadata
into topic modeling. Transcription of the sessions was also
outsourced and included errors, which may have further limited
the overall information content of the transcripts.

A second potential limitation is that there are subjective
decisions that go into creating a topic model that can influence
topic outputs. The number of topics estimated as well as
decisions around preprocessing (eg, removing stop words,
stemming, and lemmatization) can influence topic model
coherence and stability [31-33]. We addressed the subjectivity
of arbitrarily selecting a number of topics by automating the
number of topics to be estimated; however, another approach
is to estimate and compare topic models with different topic
sizes for stability across models. Finally, evaluations of
preprocessing on topic model outputs are needed within the
context of the STM used in this paper.

Another limitation relates to the lack of power in our analysis.
The sample size calculation of 97 participants for this study was
based on an effect size with a P value that is effectively .05.
Moreover, our analysis of discursive analysis included
transcripts from only half of the estimated sample size. To assess
whether patient characteristics influence retention and transcript
quality, we ran a logistic model regressing whether we had at
least one session recording of high enough quality for analysis
of patient characteristics. The results are presented in
Multimedia Appendix 4. Patient characteristics, including
gender, age, insurance status, and willingness to use the internet,
were not significantly different between patients whose session

recordings were retained and those whose session recordings
were not.

A final limitation was related to the training of coaches, which
was naturally limited. Coaches did not receive extensive training
in cognitive behavioral therapy or motivational interviewing.
Our training built the coaches’ existing skills and provided
additional tools to help with an appreciative inquiry. In the
future, we will use these learnings to provide more uniform
training for health coaches.

Comparison With Prior Work
A need exists to better understand how DSME might be
delivered within primary care, the outcomes that can be
achieved, and the training and system changes needed as a result
[34]. Effective face-to-face multicomponent interventions
require skilled primary care workers and activated patients
coupled with tailored training and self-help systems, resources,
and materials [35]. These interventions for diabetes
self-management are complex, and their effectiveness is in large
part determined by dynamics within the patient–provider
relationship [36,37]. Where these relationships are 1-sided, that
is, focus on what the patient should be doing, and do not account
for a patient’s circumstance, strategies for encouraging
diabetes-related self-management behaviors will be ineffective
[38].

Patients stand the best chance of developing skills to actively
participate and take responsibility in the management of their
chronic condition when they receive personalized coaching.
Polonsky and Fisher [39] provided a conceptual model of how
the frequency of feedback, personal meaningfulness, clarity,
guidance and support, and patient characteristics influence
diabetes-related feedback and affect patient engagement and
behavior change. The way each of these elements should be
personalized for diabetes-related coaching to be effective is
beyond the scope of this comparison with prior work. What is
relevant is that our analysis of the discursive emphasis on
patients and coaches provides a novel approach for quantifying
the substance of these relationships. Examples of coaches
providing contextual feedback, probing patient experiences with
technology, and engaging in back-and-forth conversations are
all indicators of tailored coaching. However, what remains less
clear is how we can relate these conversations to clinical
outcomes and how we can quantify the additional benefit that
technology provides in addition to tailored coaching. These 2
questions are the focus of subsequent projects and manuscripts.

Our study also contributes to prior work by providing new and
important insights into the usability and effectiveness of mobile
health interventions targeting older African American patients
living with diabetes. This underserved population has
traditionally been considered not amenable to the use of
technology to manage their health [4]. In addition, we present
novel methods that can be used to understand (and predict) what
is happening in patient–coach interactions. These methods
enable the analysis of themes in text at scale using techniques
that minimize the amount of human-injected bias into qualitative
studies.
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Conclusions
Coach-facilitated, technology-based DSME can help address
critical issues and unmet needs for underserved patients with
diabetes around accessing sufficient support regularly. A variety
of factors influence the efficacy of coaching; however, cultural
expectations must be further explored, given the growing
diversity among patients and the health care workforce prevalent

today. Our use of structural topic modeling in this application
is novel, and it creates an opportunity to introduce this technique
into everyday patient–provider encounters, particularly in a
post–COVID-19 world in which there has been a paradigm shift
around the use of telehealth. The opportunity to create outputs
that guide further physician action and patient action could drive
better patient engagement and overall patient health outcomes.
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Abstract

Background: The digital divide refers to technological disparities based on demographic characteristics (eg, race and ethnicity).
Lack of physical access to the internet inhibits online health information seeking (OHIS) and exacerbates health disparities.
Research on the digital divide examines where and how people access the internet, whereas research on OHIS investigates how
intersectional identities influence OHIS. We combine these perspectives to explicate how unique context–device access pairings
operate differently across intersectional identities—particularly racial and ethnic groups—in the domain of OHIS.

Objective: This study aims to examine how different types of internet access relate to OHIS for different racial and ethnic
groups. We investigate relationships among predisposing characteristics (ie, age, sex, education, and income), internet access
(home computer, public computer, work computer, and mobile), health needs, and OHIS.

Methods: Analysis was conducted using data from the 2019 Health Information National Trends Survey. Our theoretical model
of OHIS explicates the roles of internet access and health needs for racial and ethnic minority groups’OHIS. Participant responses
were analyzed using structural equation modeling. Three separate group structural equation modeling models were specified
based on Black, Latine, and White self-categorizations.

Results: Overall, predisposing characteristics (ie, age, sex, education, and income) were associated with internet access, health
needs, and OHIS; internet access was associated with OHIS; and health needs were associated with OHIS. Home computer and
mobile access were most consistently associated with OHIS. Several notable linkages between predisposing characteristics and
internet access differed for Black and Latine individuals. Older racial and ethnic minorities tended to access the internet on home
and public computers less frequently; home computer access was a stronger predictor of OHIS for White individuals, and mobile
access was a stronger predictor of OHIS for non-White individuals.

Conclusions: Our findings necessitate a deeper unpacking of how physical internet access, the foundational and multifaceted
level of the digital divide, affects specific racial and ethnic groups and their OHIS. We not only find support for prior work on
the digital divide but also surface new insights, including distinct impacts of context–device access pairings for OHIS and several
relationships that differ between racial and ethnic groups. As such, we propose interventions with an intersectional approach to
access to ameliorate the impact of the digital divide.

(J Med Internet Res 2022;24(3):e32678)   doi:10.2196/32678
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Black; African American; first-level digital divide; health disparities; home computer; internet access; intersectionality; Latino;
Latine; Hispanic; mobile; online health information seeking; public computer; structural equation modeling; work computer;
mobile phone
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Introduction

Background
The benefits of eHealth, or the use of the internet to facilitate
health behaviors (eg, online health information seeking [OHIS])
[1], are counteracted by the digital divide. The digital divide
was first used to emphasize that racial and ethnic minorities and
individuals of lower socioeconomic status did not adopt new
technologies to the same extent as White individuals or those
of higher socioeconomic status [2]. Obtaining physical access
to new technologies and, thus, web-based health information
remains a paramount obstacle, particularly for Black or African
American (hereafter Black) and Latino or Latine or Hispanic
(hereafter Latine) individuals [3]. This is problematic, as racial
and ethnic minorities are more likely to live in areas of
concentrated poverty that coincide with limited health care
access [4-6]. Systematic inequalities in internet access and health
care for racial and ethnic minorities reinforce one another, such
that those who would potentially benefit the most from OHIS
are often unable to access it.

However, internet access (hereafter access) is not monolithic
and comprises the use of different devices (eg, smartphone or
computer) in various contexts (eg, at home or in public) [7].
Although mobile devices are increasingly more accessible than
computers, they can be harder to navigate because of their
smaller interfaces [8]. Publicly accessible devices may extend
access to those who do not own such devices; however, they
often entail irregular availability, which can compound poor
health outcomes for minority groups [9]. Recognizing the
multidimensionality of access [7] is key to understanding how
access via a myriad of devices in various contexts differentially
influences OHIS. Furthermore, positioning the digital divide as
a health disparity is imperative to developing effective
interventions [10]. As such, this study uses data from the 2019
Health Information National Trends Survey (HINTS), also
known as HINTS 5, Cycle 3 [11], to bolster theoretical models
of OHIS with a nuanced conceptualization of access. We also
advance the perspective that the digital divide is a health
disparity by applying an intersectional focus to examine how
relationships with access and OHIS differ across racial and
ethnic groups.

Theoretical Framework: OHIS Model
The internet has become one of the most common ways of
accessing health information [12]. Health information seeking
refers to those actions that individuals use to search for
information about their health, risks, illnesses, and
health-protective behaviors [13]. When conducted on the web
(ie, OHIS), seeking out health information can positively affect
health outcomes by improving the quality, expense, and
efficiency of health care [10]. In addition, OHIS has
demonstrated that individuals are more willing to comply with
their health decisions [14]. However, those with limited access
to OHIS may not experience its benefits. Health disparities
faced by low-income and minority communities may be
magnified by the digital divide [3,15]. However, when
underserved communities are provided the means to participate
in OHIS, they gain more health knowledge [16]. Thus,

understanding how the digital divide affects OHIS is imperative
to enhance the impact of interventions aimed at increasing access
among these communities.

The digital divide first highlighted that certain groups of people
(eg, racial and ethnic minorities and individuals of low
socioeconomic status) lagged in adopting new technologies.
This gradual diffusion represents the first-level factor of the
digital divide, which has been situated in issues related to
ownership, availability, and affordability of the technology [17].
Recent studies have identified additional second-level factors
that may also impede technological adoption (eg, skills) [15,18].
Although the focus of OHIS has shifted away from access as
some suggest that it has become democratized [19], we argue
that it has not been democratized across devices and contexts
of use as the lack of physical access remains an obstacle for
marginalized groups [3,20]. Moreover, access is heterogeneous,
as people can access the internet on multiple devices and at
various places [7,21]. Even in populations with saturated home
access, disparities can persist for other points of access and the
cost to maintain them [7]. Thus, a nuanced conceptualization
of access can respond to criticism that the digital divide suggests
a simple binary between those who have access and those who
do not [22].

Notably, some scholars have applied this multifaceted
conceptualization of access to predict the likelihood of
web-based activities (including OHIS). Hassani [23] found that
people engaged in more OHIS as they increased their points of
access (eg, home and work vs only home). Similarly,
Mossberger et al [24] found that home computer access is vital
to reap the benefits of web-based activities such as OHIS.
Although the authors highlight the potential for mobile devices
to attenuate the impacts of the digital divide, mobile access
alone did little to minimize these impacts in low-income areas.
Reisdorf et al [21] also suggest that simply increasing access
does not lead to equal results across different contexts. However,
these studies investigated OHIS as one of many web-based
activities; as such, they were not grounded in theoretical models
of OHIS. Moreover, studies that focused on OHIS [25,26] did
not examine the impact of specific devices or contexts of use;
instead, they examined the number of access points overall.

Furthermore, scholarship in this area has seldom disaggregated
these connections by racial and ethnic groups. Studies that
include race and ethnicity self-categorization as predictors of
web-based activities [21] can unearth patterns of devices and
contexts of use, such as Black (vs non-Black) individuals using
mobile devices more often [24]. However, disparities among
intersectional identities may still be overlooked, such as how
age and race may interact to affect technology use [27].
Therefore, it is unclear where disparities in OHIS exist among
intersectional identities.

Previous OHIS theorizing [14,28] highlights several factors that
influence health-seeking behaviors. As such, our model includes
predisposing characteristics (age, sex, education, and income),
access (home computer, work computer, public computer, and
mobile), health needs, and OHIS (Figure 1). Our model also
focuses on the foundational level of the digital divide (ie,
access). As such, our nuanced conceptualization of access helps
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to fill the empirical gap in OHIS research on the first-level
digital divide [29]. Thus, this study offers 2 primary
contributions. First, we apply a multidimensional
conceptualization of access along dimensions of the context of
use (eg, at home vs in public) and device type (eg, smartphone

vs computer) to theoretical models of OHIS. Second, we
disaggregate our models by race and ethnicity to examine how
they manifest differently across racial and ethnic groups. We
explicate the relationships between predisposing characteristics,
access, and health needs in our model.

Figure 1. Initial online health information seeking model.

Antecedents of OHIS

Predisposing Characteristics
First, we posit associations between OHIS and predisposing
characteristics. Younger individuals are more likely than older
individuals to be able to navigate web-based platforms to seek
out web-based health information [30,31]. Females are often
expected to seek out health information because of their social
roles as family caregivers [23,32]. Furthermore, education and
income are generally positively associated with OHIS [33,34],
as individuals with low education or income are inhibited from
participating in OHIS because of low literacy [5]. Thus, we
propose the following hypothesis:

Hypothesis 1 (H1): Demographic variables—age,
sex, education, and income—will be associated with
OHIS.

Internet Access
Expanding our understanding of OHIS, we extend prior
conceptualizations of access [7,21,23] and examine access by
considering context and device. Context refers to the physical
environment in which users engage in OHIS, and device refers
to the physical technology used to engage in OHIS. We focus
on four of the most common context–device pairings: home
computer, work computer, public computer, and mobile (which
can be used across contexts). People seek health information
on the web on several devices and at several places [23]. Owing
to the extent that computers and mobile devices entail different
technological constraints [8], and context structures media use
[35], it is crucial to consider how different context–device
pairings relate to OHIS.

First, home computer access involves computer use at home. It
facilitates the availability of OHIS in a private setting where
people spend most of their time [23]. However, because of the
large cost of computers, ownership trends reflect the digital
divide: White individuals are more likely to own home
computers than Black and Latine individuals [3,7].

Second, work computer access involves computer use in the
workplace. Individuals may not own these devices and likely
would not pay for access, making it less expensive than
home-computer access. However, work computer access
requires employment that involves or entails access to computers
[36]. The workplace is also a less frequented and private setting
than the home [23,37].

Third, public computer access involves computer use in public
facilities [3]. Such access can be inexpensive (if not free) and
occurs in typically accessible public places, enabling access for
individuals who cannot afford devices with internet access [21].
However, public computer access is contingent on a variety of
factors, including the hours, locations, and resources of public
facilities, which restrict the availability of such services [5].

Finally, mobile access involves the use of mobile devices
(typically smartphones) in a variety of contexts. Mobile devices
allow users to connect to public Wi-Fi and data networks,
enabling OHIS in a variety of public, private, and (uniquely)
mobile places (eg, on the bus) [38]. However, the small size of
the mobile interface may restrict more intensive tasks [8], such
as OHIS.

Overall, we expect that access will be related to predisposing
characteristics and OHIS. Older individuals are less likely to
access the internet [7,39], and males tend to access the internet
more than females [18]. Education and income are positively
correlated with access [40,41]. These differences may be linked
to literacy and resources, allowing certain groups to maintain
[7] and navigate access [10]. Furthermore, OHIS, by definition,
is contingent on internet access [42,43]. With these
considerations in mind, we propose the following hypotheses:

Hypothesis 2 (H2): Predisposing characteristics (ie,
age, sex, education, and income) will be associated
with access.

Hypothesis 3 (H3): Access will be positively
associated with OHIS.

However, it is unclear how our nuanced conceptualization of
access (ie, 4 discrete context–device pairings) may differentially
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affect OHIS. Thus, we pose the following research question
(RQ):

RQ1: Which access pairings have the most consistent
associations with OHIS across racial and ethnic
groups?

Health Need
We conceptualize health needs as the extent to which individuals
perceive that they require current or chronic medical attention.
The likelihood that one may endure chronic illness is linked to
group identities along the lines of age, gender, education level,
and income [44]. When avoidable health differences in
treatment, access to treatment, mortality, and diseases correlate
with group identity, a health disparity occurs. Older individuals
report greater health needs than younger individuals [45].
Although health disparities among males and females differ
based on the illness, males may be more confident in their ability
to maintain their health and report lower health needs [46].
Braveman at al [44] highlight that education level and income
are important health determinants that predict health needs.
Finally, individuals who perceive their health to be poor often
demonstrate motivation to find health information on the web
[28,33]. Thus, we propose the following hypotheses:

Hypothesis 4 (H4): Predisposing characteristics (ie,
age, sex, education, and income) will be associated
with health needs.

Hypothesis 5 (H5): Health needs will be positively
associated with OHIS.

Race and Ethnicity
This study holds that existing racial and ethnic disparities
exacerbate the impact of the digital divide on health disparities
[22]. As such, we investigate how these inequities may affect
OHIS. We explore whether hypotheses linking predisposing
characteristics with OHIS (H1), access (H2), and health need
(H4) differ across racial and ethnic groups. First, race and
ethnicity may interact with age, sex, education, and income to
predict OHIS as unique disparities in health and technology
have been observed within groups that have intersecting
predisposing characteristics and racial and ethnic group identities
[41]. Next, race and ethnicity may interact with access to predict
OHIS. Fang et al [47] provide illustrative insights, highlighting
that age was a strong predictor for access but that this effect
was exaggerated for some racial and ethnic minorities. Finally,
race and ethnicity may interact with health needs to predict
OHIS. For example, Black and Latine individuals are more
likely to live in low-income areas [4,6], which is associated
with exacerbated health needs [48]. As such, this study
foregrounds the persistent racial and ethnic disparities in the
United States to understand access and health needs from an
intersectionality perspective [49].

In addition, race and ethnicity may interact with access (H3)
and health need (H5) to influence OHIS. Regarding access, even
when Black and Latine individuals access the internet at similar
rates as White individuals, such access is often marked by
greater insecurity [39]. Similarly, even with similar levels of
health needs, racial and ethnic minorities may avoid seeking
out web-based health information if they possess lower health

and technology literacy [50,51]. Overall, our study uses
previously tested models of OHIS [14,28,50-52] and seeks to
extend previous theories by applying a multidimensional
conceptualization of access and testing the fit of the model
across racial and ethnic groups. These intersectional
considerations, heightened by higher rates of internet insecurity
[39] and greater health needs [4,6] because of systemic
inequality, beg the following question:

RQ2: How will the relationships between predisposing
characteristics, access, health needs, and OHIS differ
across different racial and ethnic groups?

Methods

Sample
To test our model, we used data from the 2019 HINTS, also
known as HINTS 5, Cycle 3 [11]. HINTS is an annual,
nationally representative survey that asks participants about
their engagement with health information. Data were collected
between January 2019 and April 2019. A total of 5438
individuals responded to the survey. However, of the 5438
responses, 191 (3.51%) responses were deemed ineligible by
HINTS because of partial completion, leaving 5247 (96.49%)
individuals. Participants who did not complete the
self-categorization variables for each model were excluded
(Black and White: 420/5247, 8%; Latine: 487/5247, 9.28%).
In addition, participants who did not complete all model
variables were excluded (Black and White: 446/5247, 8.12%;
Latine: 408/5247, 7.78%). Taken together, the sample size for
the final models’ group was 4381 (based on Black and White
self-categorization) or 4352 (based on Latine
self-categorization). Owing to these different sample sizes, we
report demographics and correlations for the 5247 individuals
deemed eligible by HINTS. Only the variables presented in the
Measures section were used for the purposes of this study; all
other variables were excluded. Data are available in Multimedia
Appendix 1. More information regarding the methodology can
be found in the 2019 HINTS methodology report [53].

Ethical Considerations
An institutional review board approval was not requested
because the analysis for this study was conducted using
secondary data. All HINTS data sets, including the one used
for analysis in this study, have been approved through expedited
review by the Westat Institutional Review Board, and
subsequently deemed exempt by the U.S. National Institutes of
Health Office of Human Subjects Research Protections [54].

Participant Demographics
Demographic data were used to assess predisposing factors.
Participants were aged 56.58 (SD 16.88) years on average.
Approximately 56.62% (2971/5247) of the participants
self-categorized as female, and 41.16% (2160/5247)
self-categorized as male. Race and ethnicity were
operationalized in comparison with those who did not
self-categorize as the respective racial or ethnic group as
individuals who self-categorize ethnically as Latine may still
self-categorize racially as White or Black. Of the 5247
individual, 3727 (71.03%) self-categorized as White, and 1100
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(20.96%) did not; 847 (16.14%) self-categorized as Black and
3980 (75.85%) did not; and 716 (13.64%) participants
self-categorized as Latine and 4044 (77.07%) did not. The
remaining individuals did not disclose their sex, race, or
ethnicity. Participants’ level of education was measured on a

5-point scale from less than high school (score=1) to
postbaccalaureate degree (score=5), and participants’ annual
income was measured on a 7-point scale from US$0 to US
$19,999 (score=1) to ≥ US $200,000 (score=7). See Table 1 for
a summary of participant demographics.

Table 1. Participant demographics.

OHISa,bDemographics

Yes, n (%)No, n (%)

Age (years; n=5090)

132 (2.59)20 (0.39)18-24

535 (10.51)62 (1.22)25-35

492 (9.67)66 (1.30)36-44

627 (12.32)172 (3.38)45-54

827 (16.25)316 (6.21)55-64

1051 (20.65)790 (15.52)≥65

Sex (n=5110)

1501 (29.37)652 (12.76)Male

2159 (42.25)798 (15.62)Female

White (n=4805)

746 (15.53)344 (7.16)No

2738 (56.98)977 (20.33)Yes

Black (n=4805)

2934 (61.06)1034 (21.52)No

550 (11.45)287 (5.97)Yes

Latine (n=4745)

3016 (63.56)1015 (21.39)No

477 (11.45)237 (4.99)Yes

Education (n=5087)

108 (2.12)200 (3.93)Less than high school

448 (8.81)445 (8.75)High school graduate

1093 (21.49)441 (8.67)Some college

1130 (22.21)230 (4.52)Received a bachelor’s degree

875 (17.2)117 (2.30)Received a postbaccalaureate degree

Income (US $; n=4637)

441 (9.51)411 (8.86)0-19,999

380 (8.19)213 (4.59)20,000-34,999

433 (9.34)173 (3.73)35,000-49,999

639 (13.78)182 (3.92)50,000-74,999

461 (9.94)116 (2.5)75,000-99,999

764 (16.48)106 (2.29)100,000-199,999

282 (6.08)36 (0.78)>200,000

aOHIS: online health information seeking.
bPercentages reflect those who responded to the OHIS item. 
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Measures Overview
Correlations between all variables are displayed in Tables 2-4.

Table 2. Descriptive statistics and correlations between study variables (age, sex, and White).

WhiteSexAgeValues, mean (SD)Predictors

P valuerP valuerP valuer

—————a156.58 (16.88)Age (years)

———1.010.040.42 (0.49)Sexb

—1<.0010.07.0050.040.77 (0.42)Whitec

<.001–0.79<.001–0.09.64–0.010.18 (0.38)Blackd

<.0010.10.680.01<.001–0.100.15 (0.36)Latinee

<.0010.08.070.03<.001–0.173.36 (1.16)Education

<.0010.14<.0010.12<.001–0.173.76 (1.93)Income

<.0010.15<.0010.10<.001–0.171.15 (0.84)Home computer

<.0010.06.060.03<.001–0.450.70 (0.90)Work computer

<.001–0.07.690.01<.001–0.200.16 (0.39)Public computer

<.0010.08.004–0.04<.001–0.511.27 (0.85)Mobile

<.001–0.09.29–0.02<.0010.162.58 (0.94)Health needs

.0010.05.01–0.04<.001–0.310.71 (0.45)Online health information seeking (OHIS)

aNot applicable.
bCoded as female=0 and male=1.
cCoded as non-White=0 and White=1.
dCoded as non-Black=0 and Black=1.
eCoded as non-Latine=0 and Latine=1.
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Table 3. Descriptive statistics and correlations between study variables (Black, Latine, education, and income).

IncomeEducationLatineBlackPredictors

P valuerP valuerP valuerP valuer

————————aAge (years)

————————Sexb

————————Whitec

———————1Blackd

—————1<.001–0.10Latinee

———1<.001–0.17<.001–0.12Education

—1<.0010.47<.001–0.12<.001–0.20Income

<.0010.38<.0010.41<.001–0.16<.001–0.15Home computer

<.0010.46<.0010.40<.001–0.08<.001–0.09Work computer

.03–0.03<.0010.11.76–0.01<.0010.07Public computer

<.0010.37<.0010.33.005–0.04<.001–0.08Mobile

<.001–0.31<.001–0.25<.0010.07<.0010.10Health need

<.0010.28<.0010.34<.001–0.07<.001–0.07Online health information seeking (OHIS)

aNot applicable.
bCoded as female=0 and male=1.
cCoded as non-White=0 and White=1.
dCoded as non-Black=0 and Black=1.
eCoded as non-Latine=0 and Latine=1.

Table 4. Descriptive statistics and correlations between study variables (home computer, work computer, public computer, mobile, and health need).

Health needMobilePublic computerWork computerHome computerPredictors

P valuerP valuerP valuerP valuerP valuer

——————————aAge (years)

——————————Sexb

——————————Whitec

——————————Blackd

——————————Latinee

——————————Education

——————————Income

—————————1Home computer

———————1<.0010.38Work computer

—————1<.0010.13<.0010.15Public computer

———1<.0010.21<.0010.48<.0010.48Mobile

—1<.001–0.20.14–0.02<.001–0.23<.001–0.18Health need

<.001–0.10<.0010.46<.0010.14<.0010.30<.0010.41Online health information seeking (OHIS)

aNot applicable.
bCoded as female=0 and male=1.
cCoded as non-White=0 and White=1.
dCoded as non-Black=0 and Black=1.
eCoded as non-Latine=0 and Latine=1.
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Internet Access
Participants reported how often they access the internet on a
computer at home, at work, in a public place, and on a mobile
device. A single item was used to measure each mode of access.
Items were measured on 3-point scales, including not applicable
or never (score=0), sometimes (score=1), and daily (score=2).
There were varied responses for home computer (mean 1.14,
SD 0.84), work computer (mean 0.70, SD 0.90), public computer
(mean 0.16, SD 0.39), and mobile (mean 1.27, SD 0.85) access.

Health Need
Health needs were operationalized as perceived general health
[14]. Thus, it was measured with a single item: “In general, how
would you say your health is?” The item was measured on a
5-point scale from excellent (score=1) to poor (score=5; mean
2.58, SD 0.94). As measured, greater values represent greater
health needs or poorer general health.

OHIS Measure
Participants reported using a single item, whether they used a
computer, smartphone, or other electronic means to look for
health or medical information for themselves in the past 12
months. Responses were no (score=0) or yes (score=1; mean
0.71, SD 0.45).

Statistical Analysis
The initial demographic data were cleaned and analyzed using
SPSS Statistics (version 27, IBM Corporation; Multimedia
Appendix 1). Three group structural equation modeling models
were specified based on the Black, Latine, and White

self-categorization using Mplus 8.4 (Muthen and Muthén) [55].
Owing to the dichotomous outcome, diagonally weighted least
squares mean and variance adjusted estimators were used instead
of maximum likelihood to estimate the models, and odds ratios
(ORs; vs standardized coefficients) were used to interpret
relationships with OHIS. These models evaluated relationships
between predisposing characteristics, access, health needs, and
OHIS (H1-H5) and determined the access pairings most
predictive of OHIS (RQ1). To test differences across racial and
ethnic groups (RQ2), we constrained individual paths and
compared each model with its respective baseline model, using
chi-square tests for difference testing to account for the
diagonally weighted least squares mean and variance estimation
method.

Results

Model Fit
Our proposed models grouped by Black, Latin, and White
self-categorization displayed poor fit statistics [56]. Modification
indices suggested the addition of correlations between all the
access variables. Individuals who partake in OHIS are likely to
do so in multiple ways [23,57]—thus, these correlations were
incorporated into the models (Figure 2). The resulting models
yielded appropriate fit statistics [56] for all 3 models, grouped
by Black (root mean square error of approximation
[RMSEA]=0.026; comparative fit index [CFI]=0.997;
standardized root mean square residual [SRMR]=0.008), Latine
(RMSEA=0.021; CFI=0.998; SRMR=0.007), and White
(RMSEA=0.026; CFI=0.997; SRMR=0.007) self-categorization.

Figure 2. Final online health information seeking model.

Theoretical Model
First, we examined whether predisposing characteristics were
associated with OHIS (H1). Age was negatively associated with
OHIS, and education was positively associated with OHIS across
all models and groups. Income was positively associated with
OHIS for individuals who self-categorized as White (OR 1.122,
95% CI 1.048-1.202; P<.001), non-White (OR 1.121, 95% CI
0.989-1.271; P=.02), non-Black (OR 1.124, 95% CI
1.052-1.201; P<.001), and non-Latine (OR 1.123, 95% CI
1.051-1.200; P<.001). Sex was negatively associated with OHIS,
such that White (OR 0.572, 95% CI 0.513-0.638; P<.001),
non-Black (OR 0.591, 95% CI 0.530-0.660; P<.001), Latine
(OR 0.601, 95% CI 0.474-0.762; P=.009), and non-Latine (OR

0.656, 95% CI 0.581-0.741; P<.001) females were more likely
to engage in OHIS. These findings lent partial support for H1.

Next, we investigated whether predisposing characteristics were
associated with access (H2) and whether access was associated
with OHIS (H3). Age was negatively associated with all forms
of access for all the models and groups. Education was positively
associated with all forms of access for all models and groups,
except public computer access for Latine individuals (β=.087;
P=.10). Income was positively associated with home computer
access, work computer access, and mobile access—but
negatively associated with public computer access—for all
models and groups. Sex was negatively associated with mobile
access for all models and groups and negatively associated with
work computer access for Black individuals (β=−.097; P=.003),
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such that females who self-categorized with these groups
accessed the internet more frequently than males within these
context–device pairings. However, sex was positively associated
with home computer access for individuals who self-categorized
as White (β=.071; P<.001), non-Black (β=.074; P<.001), and
non-Latine (β=.063; P<.001) as well as public computer access
for individuals who self-categorized as non-Black (β=.035;
P=.04) and non-Latine (β=.033; P=.048), such that males who
self-categorized with these groups accessed the internet more
frequently than females. This provided partial support for H2.

Turning to OHIS, mobile and home access were positively
associated with OHIS across all models and groups. Public
computer access was positively associated with OHIS for
non-White (OR 1.307, 95% CI 0.706-2.418; P=.04) individuals.
Finally, work computer access was not associated with OHIS
in any model and for any group. This provided partial support
for H3. Regarding RQ1, mobile and home computer access
were associated with OHIS more consistently across groups
than public computer access and work computer access.

Then, we examined whether predisposing characteristics were
associated with health needs (H4) and whether health needs
were associated with OHIS (H5). Age was positively associated
with health needs across all models and groups. Education and
income were negatively associated with health needs across all
models and groups, except for the relationship between
education and health needs for non-White (β=−.061; P=.08)
and Black (β=−.072; P=.06) individuals. Sex was not associated
with health needs for any group. This provided partial support
for H4. Turning to OHIS, health needs were positively
associated with OHIS across all models and groups apart from
non-White (OR 1.182, 95% CI 0.958-1.458; P=.07) and Latine
(OR 1.091, 95% CI 0.869-1.369; P=.58) individuals. This
provided partial support for H5.

Intersectional Differences
Finally, we investigated whether significant differences in H1
to H5 emerged for different groups (RQ2). We found that certain

relationships between predisposing characteristics and access
differed for each type of access; all reported relationships were
significant at P<.05. Significant differences emerged for the
relationship between home computer access and age, income,
and sex. The negative association with age was stronger for
non-White, Black, and Latine individuals. The positive
association with income was stronger for non-White and Black
individuals. The association with sex was stronger for non-Black
individuals; males were more likely to have home computer
access than females among non-Black individuals. Significant
differences also emerged for the association of work computer
access with age and sex. The negative association with age was
significantly stronger for non-Latine individuals. The association
with sex was stronger for Black individuals; females were more
likely to have work computer access than males among Black
individuals. Next, the negative association between public
computer access and age was stronger for non-White and Black
individuals. Finally, the positive association between mobile
access and education was significantly stronger for non-White
and Latine individuals.

Other relationships also differed across racial and ethnic groups.
For predisposing characteristics and OHIS, sex had a stronger
negative association with OHIS for non-Black and White
individuals, such that the gap between females and males
engaging in OHIS was greater for these groups. For access and
OHIS, home computer access had a significantly stronger
positive association with OHIS for White, non-Black, and
non-Latine individuals. Mobile access had a significantly
stronger positive association with OHIS for non-White
individuals. There were no significant differences in other
dimensions of access or health needs. Tables 5-7 display the
ORs and standardized coefficients for the final models, and our
general analysis scripts are available in the Multimedia
Appendix 1.
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Table 5. Standardized coefficients and odds ratios for theorized OHISa models (for Black and non-Black individuals)b.

GroupPath

Non-BlackBlack

P value
Standardized coefficient or odds ratio
(95% CI)P valuee

Standardized coefficientc or odds ratiod

(95% CI)

Predisposing characteristics → OHIS

<.0010.976f (0.970 -0.982).0030.982f (0.967-0.996)Age (years)

<.0010.591g (0.530-0.660).741.134f (0.721-1.783)Sex

<.0011.124f (1.052-1.201).151.081f (0.939-1.245)Income

<.0011.439f (1.259-1.644)<.0011.499f (1.126-1.995)Education

Predisposing characteristics → access

Home computer

<.001–0.056g<.001–0.146fAge (years)

<.0010.074g.44–0.036fSex

<.0010.170g<.0010.329fIncome

<.0010.292f<.0010.213fEducation

Work computer

<.001–0.368f<.001–0.294fAge (years)

.200.018g.003–0.097fSex

<.0010.283f<.0010.374fIncome

<.0010.186f<.0010.177fEducation

Public computer

<.001–0.180g<.001–0.255fAge (years)

.040.035f.390.033fSex

<.001–0.115f.003–0.122fIncome

<.0010.135f.010.104fEducation

Mobile

<.001–0.444f<.001–0.446fAge (years)

<.001–0.060f<.001–0.105fSex

<.0010.220f<.0010.226fIncome

<.0010.131f<.0010.167fEducation

Access → OHIS

<.0011.981g (1.554-2.526).0011.491f (0.990-2.246)Home computer

.920.939f (0.822-1.073).550.877f (0.663-1.161)Work computer

.161.118f (0.801-1.560).061.368f (0.692-2.706)Public computer

<.0011.833f (1.440-2.333)<.0012.158f (1.175-3.962)Mobile

Predisposing Characteristics → health need

<.0010.102f.0050.098fAge (years)

.160.022f.980.001fSex
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GroupPath

Non-BlackBlack

P value
Standardized coefficient or odds ratio
(95% CI)P valuee

Standardized coefficientc or odds ratiod

(95% CI)

<.001–0.245f<.001–0.202fIncome

<.001–0.117f.06–0.072fEducation

.0041.222f (1.078-1.385).031.235f (0.970-1.572)Health need → OHIS

aOHIS: online health information seeking.
bComparisons were made for each model per row.
cStandardized coefficients are displayed for paths predicting nondichotomous outcomes; negative relationships are indicated by negative signs. For
standardized coefficients, 95% CI values are not available.
dOdds ratios are presented for paths predicting dichotomous outcomes (ie, OHIS) and were generated using Monte Carlo integration because of model
complexity; negative relationships are indicated by values <1.
eSignificance values were based on the primary models (ie, without Monte Carlo integration).
fCoefficients or odds ratios differ significantly from those denoted by footnote g at P<.05.
gCoefficients or odds ratios differ significantly from those denoted by footnote f at P<.05.
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Table 6. Standardized coefficients and odds ratios for theorized OHISa models (for Latine and non-Latine individuals)b.

GroupPath

Non-LatineLatine

P value
Standardized coefficient or odds ratio
(95% CI)P valuee

Standardized coefficientc or odds ratiod

(95% CI)

Predisposing characteristics → OHIS

<.0010.977f (0.971-0.983).0020.979f (0.966-0.993)Age (years)

<.0010.656f (0.581-0.741).0090.601f (0.474-0.762)Sex

<.0011.123f (1.051-1.200).421.058f (0.930-1.204)Income

<.0011.481f (1.291-1.699)<.0011.393f (1.075-1.804)Education

Predisposing characteristics → access

Home computer

<.001–0.054g<.001–0.185fAge (years)

<.0010.063f.080.060fSex

<.0010.203f<.0010.181fIncome

<.0010.254f<.0010.324fEducation

Work computer

<.001–0.374g<.001–0.249fAge (years)

.68–0.006f.570.019fSex

<.0010.301f<.0010.265fIncome

<.0010.171f<.0010.259fEducation

Public computer

<.001–0.188f<.001–0.257fAge (years)

.0480.033f.57–0.024fSex

<.001–0.142f.002–0.152fIncome

<.0010.128f.100.087fEducation

Mobile

<.001–0.439f<.001–0.462fAge (years)

<.001–0.072f.03–0.069fSex

<.0010.232f<.0010.139fIncome

<.0010.114g<.0010.206fEducation

Access → OHIS

<.0011.950g (1.541-2.467).041.294f (0.861-1.945)Home computer

.490.917f (0.806-1.044).191.121f (0.772-1.627)Work computer

.151.117f (0.824-1.513).081.500f (0.574-3.919)Public computer

<.0011.912f (1.491-2.452)<.0011.739f (1.057-2.861)Mobile

Predisposing characteristics → health need

<.0010.093f<.0010.140fAge (years)

.070.028f.30–0.039fSex
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GroupPath

Non-LatineLatine

P value
Standardized coefficient or odds ratio
(95% CI)P valuee

Standardized coefficientc or odds ratiod

(95% CI)

<.001–0.243f<.001–0.178fIncome

<.001–0.113f<.001–0.147fEducation

.0011.242f (1.093-1.411).581.091f (0.869-1.369)Health need → OHIS

aOHIS: online health information seeking.
bComparisons were made for each model per row.
cStandardized coefficients are displayed for paths predicting nondichotomous outcomes; negative relationships are indicated by negative signs. For
standardized coefficients, 95% CI values are not available.
dOdds ratios are presented for paths predicting dichotomous outcomes (ie, OHIS) and were generated using Monte Carlo integration because of model
complexity; negative relationships are indicated by values <1.
eSignificance values were based on the primary models (ie, without Monte Carlo integration).
fCoefficients or odds ratios differ significantly from those denoted by footnote g at P<.05.
gCoefficients or odds ratios differ significantly from those denoted by footnote f at P<.05.
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Table 7. Standardized coefficients and odds ratios for theorized OHISa models (for White and non-White individuals)b.

GroupPath

Non-WhiteWhite

P value
Standardized coefficient or odds ratio
(95% CI)P valuee

Standardized coefficientc or odds ratiod

(95% CI)

Predisposing characteristics → OHIS

<.0010.982f (0.971-0.994)<.0010.975f (0.967-0.983)Age (years)

.841.123g (0.757-1.665)<.0010.572f (0.513-0.638)Sex

.021.121f (0.989-1.271)<.0011.122f (1.048-1.202)Income

<.0011.427f (1.119-1.819)<.0011.456f (1.267-1.673)Education

Predisposing characteristics → access

Home computer

<.001–0.158g.003–0.047fAge (years)

.620.014f<.0010.071fSex

<.0010.265g<.0010.176fIncome

<.0010.280f<.0010.282fEducation

Work computer

<.001–0.298f<.001–0.370fAge (years)

.710.010f.95–0.001fSex

<.0010.329f<.0010.289fIncome

<.0010.205f<.0010.182fEducation

Public computer

<.001–0.242g<.001–0.178fAge (years)

.260.038f.060.033fSex

<.001–0.129f<.001–0.122fIncome

.0010.126f<.0010.131fEducation

Mobile

<.001–0.432f<.001–0.450fAge (years)

.01–0.065f<.001–0.069fSex

<.0010.202f<.0010.223fIncome

<.0010.199g<.0010.121fEducation

Access → OHIS

<.0011.458g (1.005-2.116)<.0012.002f (1.558-2.573)Home computer

.960.931f (0.712-1.218).630.921f (0.806-1.052)Work computer

.0371.307f (0.706-2.418).251.098f (0.787-1.532)Public computer

<.0012.379g (1.281-4.419)<.0011.776f (1.398-2.256)Mobile

Predisposing characteristics → health need

<.0010.123f<.0010.097fAge (years)

.64–0.015f.090.027fSex
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GroupPath

Non-WhiteWhite

P value
Standardized coefficient or odds ratio
(95% CI)P valuee

Standardized coefficientc or odds ratiod

(95% CI)

<.001–0.226f<.001–0.246fIncome

.08–0.061f<.001–0.124fEducation

.071.182f (0.958-1.458).0021.237f (1.085-1.411)Health need → OHIS

aOHIS: online health information seeking.
bComparisons were made for each model per row.
cStandardized coefficients are displayed for paths predicting nondichotomous outcomes; negative relationships are indicated by negative signs. For
standardized coefficients, 95% CI values are not available.
dOdds ratios are presented for paths predicting dichotomous outcomes (ie, OHIS) and were generated using Monte Carlo integration because of model
complexity; negative relationships are indicated by values <1.
eSignificance values were based on the primary models (ie, without Monte Carlo integration).
fCoefficients or odds ratios differ significantly from those denoted by footnote g at P<.05.
gCoefficients or odds ratios differ significantly from those denoted by footnote f at P<.05.

Discussion

Principal Findings
This study applied a nuanced conceptualization of access to
theoretical models of OHIS and identified how relationships
with OHIS differed between racial and ethnic groups (ie, Black,
Latine, and White individuals). We found partial support for
all hypotheses, and results regarding the RQs provided deeper
insight into the predicted relationships. By examining access
as 4 unique context–device pairings, we found that home
computer and mobile access were most consistently associated
with OHIS. In addition, disaggregating models by racial and
ethnic self-categorization identified different patterns between
predisposing characteristics and access for different groups,
highlighting how the digital divide affects intersectional groups.

Our findings suggest that predisposing characteristics are
associated with OHIS for different racial and ethnic groups
(H1). Education was positively associated with OHIS, and age
was negatively associated with OHIS. These findings align with
previous research, such that those with more education and
younger individuals are more likely to possess the skills to
navigate web-based platforms [30,31,33,58]. However, income
only had a positive association with OHIS for individuals who
self-categorized as White, non-Black, or non-Latine. Although
education and income are often correlated with OHIS [9,59,60],
our findings suggest that education may better index the
foundational knowledge necessary to take advantage of
web-based health information. Finally, although females sought
out health information more frequently than males [23,32], this
pattern did not hold for those who self-categorized as Black.
This may reflect how factors of socioeconomic status are
typically stronger determinants of access to technology and
health services for racial minorities than sociodemographic
factors [44,61].

Our findings also suggest that some predisposing characteristics
are associated with access for some racial and ethnic groups
(H2). Age was negatively associated with all forms of access.

Older individuals used all 4 context–device pairings less
frequently than younger individuals, which may indicate their
use of nondigital means (eg, print media and interpersonal) to
obtain health information [47]. Females of all groups accessed
the internet on mobile devices more frequently than males, as
well as work computers among Black individuals. However,
White males (vs females) accessed the internet on home
computers more frequently. Although males and females may
have similar access overall [62], combining a multifaceted
conceptualization of access with an intersectional approach
highlights that disparities in access based on sex are grounded
in devices and contexts of use, as well as race and ethnicity.
White males and females are more likely to access the internet
on home computers and mobile devices, respectively, suggesting
that internet access may be a zero-sum game, such that having
access in one place reduces the need to have access elsewhere
[21]. However, this trade-off did not emerge for other groups,
suggesting important boundary conditions based on race and
ethnicity [61]. Furthermore, income and education consistently
demonstrated a positive association with access, as maintaining
access requires sustainable resources afforded by income and
education [7]. However, income was negatively associated with
public computer access, suggesting that individuals with lower
income may be more reliant on public resources to access the
internet [39,57].

Our findings generally confirm that access is associated with
OHIS (H3). As suggested by previous research [14,28,50-52],
OHIS is unlikely without a means to access the internet.
Specifically, mobile access was positively associated with OHIS
for all groups, suggesting that the ubiquity of mobile phones
may help bridge this particular gap of the digital divide [3,5,21].
Home computer access was also associated with OHIS for all
groups. Public computer access was positively associated with
OHIS for non-White individuals. Work computer access was
not associated with OHIS across all groups. These findings are
corroborated by the fact that certain contexts of OHIS (eg, home
computer and mobile) provide a level of privacy that other
contexts do not [23,37], thus facilitating searches for private
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health information. Our results highlight that certain groups
(particularly non-White individuals) face access disparities
based on affordance and maintenance of that privacy [7,63].

Predisposing characteristics were also associated with health
needs (H4), such that older individuals and individuals with
less education and income were more likely to describe their
health as poor. Older individuals and individuals with less
education and income often face barriers to quality health
options [44]. However, education was not significantly
associated with health needs for Black and non-White
individuals. Research on minority groups (eg, Black individuals)
finds that educational advancement may not overcome the
aggregated stress of marginalization, which contributes to
negative health outcomes [64]. However, sex was not associated
with health needs for any group, likely because of
counterbalancing of health issues that disproportionately affect
males and females separately [45].

Furthermore, those with greater health needs were more likely
to partake in OHIS, apart from non-White and Latine individuals
(H5). Past research has found that greater health needs are
associated with increased OHIS among Latine individuals [58].
However, our findings support previous findings that Latine
individuals may be less trusting of health information on the
web and may rely on different (eg, interpersonal) means of
seeking out health information [65]. Reconciliation of these
contradicting findings may be a result of area, as the national
sample is not limited to patterns that may only exist in larger
cities with more resources to provide access [58].

Finally, our exploratory analyses provide insight into RQ2;
however, additional research may be required to fully explicate
certain patterns in our model in which stronger relationships
were detected for specific racial and ethnic groups. In terms of
access, several relationships were stronger for Black individuals.
Greater income was associated with more frequent home
computer access across all groups; however, this relationship
was stronger for Black (vs non-Black) individuals. Income
inequality among Black individuals appears to be a stark
determinant of home computer access [39]. Individuals with
higher income can afford the cost of maintenance that comes
with home computer access, which is apparent across the models
[7]. However, Black individuals with lower income may face
additional hurdles to home computer access, such as living in
areas without the infrastructure to support maintenance [3].
Similarly, the negative relationship between age and public
computer access was stronger for Black (vs non-Black)
individuals. The restricted availability of public computers [5]
and limited accessibility of web-based platforms for older
individuals [7] may be particularly profound for Black
individuals. As Black individuals have been historically
disadvantaged in access, both community resources and
technological skills of the older generation may be stunted
[5,39]. Furthermore, the relationship between sex and access
differed, such that Black females reported more frequent access
via work computers than Black males. In contrast, non-Black
males were more likely to use home computers. For specific
sex, racial, and ethnic groups, finding access to the internet via
1 mode may be sufficient, which could reduce the need to have
access elsewhere [21]. Finally, non-White (vs White)

individuals, or racial and ethnic minorities in general,
demonstrated a stronger negative relationship between age and
home computer access and a stronger positive relationship
between education and mobile access. Older racial and ethnic
minorities tend to have less access to the internet [39], including
at home. Although racial and ethnic minorities lag in home
computer ownership, the stronger relationship with education
and mobile access may be interpreted as a route to attenuate the
digital divide or as exacerbating the digital divide within racial
minority groups. As such, lower education levels seem to inhibit
access more intensely among Latine individuals.

In addition to access, the relationship between sex and OHIS
differed, such that non-Black (vs Black) females demonstrated
a stronger association with OHIS. The extent to which females
relieve the burden of family health knowledge [32] may differ
across racial and ethnic groups, as these groups are often
disproportionately affected by health disparities [4,6]. Moreover,
the positive relationship between home computer access and
OHIS was weaker for non-White (vs White) individuals,
whereas the positive relationship between mobile access and
OHIS was stronger. Mobile devices remained a key factor not
only for establishing access for racial and ethnic minorities [3]
but also for OHIS. Although the mobile interface may be more
difficult for tasks such as OHIS [8], having at least one point
of access is critical for web-based health behaviors [9,24].
Although some OHIS research suggests that access has been
democratized [19], the above results highlight the overlap in
health and technology disparities for racial and ethnic minority
groups [4-6].

Contributions
Our first contribution—applying a multidimensional
conceptualization of access to theoretical models of
OHIS—revealed that different context–device pairings offer
distinct OHIS profiles. Mobile and home computer access were
more consistently associated with OHIS than work computer
and public computer access. This implies that privacy is
important when assessing the digital divide, as home computers
and mobile devices can be used in more private contexts [23,37].
Furthermore, for racial and ethnic minority participants, the link
between home computer access and OHIS was weaker, and the
relationship between mobile access and OHIS was stronger.
These differences primarily emerged in the non-White versus
White models because of reduced power in the other models
and the fact that Black individuals were included as non-Latine
individuals (and vice versa). Racial and ethnic minorities may
rely more on mobile (vs home computer) access for OHIS
because of the lower cost and flexibility of mobile devices [66].
Public and work computer access were not consistently
associated with OHIS, although public computer access was
generally associated with OHIS for non-White individuals.
Contexts that typically do not require ownership may provide
access for groups that lack other means of access. Discrepancies
among home computer, work computer, public computer, and
mobile access highlight that devices and contexts of use do not
provide access equally [7].

Our second contribution was to unpack the digital divide using
an intersectional approach, as it is crucial to understand which
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groups have limited access to the internet. We found
discrepancies in access for specific groups. Older individuals
who self-categorized as a racial or ethnic minority engaged in
less frequent home and public computer access. Older (vs
younger) individuals and racial and ethnic minorities (vs
majorities) tend to access the internet less frequently [39], and
we find that this gap is magnified for home and public computer
access. In addition, for non-White (vs White) individuals, there
were stronger positive relationships between education and
mobile access, as well as mobile access and OHIS. Although
formal education may minimize the digital divide via mobile
access, disparities in access to the education needed to operate
the devices should also be considered. Discrepancies between
predisposing characteristics, access, health needs, and OHIS
for different racial and ethnic groups demonstrate the need for
future OHIS theorizing to adopt an intersectional approach.

Practical Implications
This study supports the criticism that the digital divide is not a
dichotomy between access and lack thereof [22]. In response
to this criticism, interventions combating the digital divide must
consider how context–device access pairings can be leveraged
among specific racial and ethnic groups. Home computer and
mobile were the most frequently used means of access and were
both consistently positively related to OHIS. This implies that
people typically engage in OHIS on home computers or mobile
devices. As such, improving access within these contexts may
be valuable for interventions to support OHIS across racial and
ethnic groups. Our findings suggest that work and public
computer access are less ideal for OHIS. These pairings may
lack accessibility [5] or privacy [23,37]. The association between
public computer access and OHIS for racial and ethnic
minorities could be explored further as a means of increasing
OHIS for Latine and Black individuals. Work and public
computer access remain important to the extent that increasing
access points overall supports OHIS [21,25,26]. However, public
computer access may also replace more expensive yet more
private modes of access (eg, home computer). In general,
interventions could reinforce existing strengths (eg, home
computer and mobile access) or bolster existing weaknesses
(eg, work and public computer access).

These 2 courses of action can also apply to future interventions
aimed at addressing the digital divide and OHIS among specific
groups. For racial and ethnic minorities, we found weaker
positive relationships between home computer access and OHIS
and stronger positive relationships between mobile access and
OHIS. Interventions can strengthen the established relationship
between mobile devices and OHIS or bolster the weaker link
for home computer access. Although home computer access is
considered a more easily navigable interface [8], it may not be
scalable, given its cost. As such, interventions with limited
financial resources may benefit from working with providers
of web-based health information to develop mobile-friendly
interfaces to make health information more accessible.

Furthermore, this study shines a spotlight on older racial and
ethnic minorities, who experienced consistent discrepancies in
access and may have the highest health needs. The negative
relationship between age and public computer access was
stronger for Black individuals, suggesting a drop-off in public
computer access for older Black adults. As public computer
access was associated with OHIS for racial and ethnic
minorities, future interventions could increase the accessibility
of public computers for older Black adults, with attention toward
local libraries and community centers in predominately older
Black neighborhoods [5]. Overall, a deep understanding of
current community strengths must be balanced with efforts to
provide equitable access to web-based health information to
not overlook the key interactions between multiple social
positions that create compounding experiences of oppression
[67].

Limitations and Future Research
Some limitations should be considered when interpreting these
findings. This study used secondary cross-sectional data. Thus,
potentially relevant variables (eg, mobile use at home vs at work
vs in public) were not measured, and causality or directionality
cannot be determined. Future research could measure additional
constructs and use longitudinal designs. In addition, this analysis
used self-reported data. Future work could use log and GPS
data in tandem to paint a more accurate picture of OHIS.
Furthermore, our primary outcome variable (OHIS) was
dichotomous, and other variables (eg, access) were trichotomous
or single-item measures. Future research should use continuous
variables for OHIS and access to better capture the temporal
variety of digital media use. Finally, we did not examine
second-level digital divide variables (eg, experience, perceived
utility, beliefs, and skills) [28,50,51,68,69]. However, before
receiving and interpreting information, those who seek
information on the web must choose a device and context to
seek that information.

Conclusions
This study holds that a nuanced conceptualization of access is
necessary to understand how the digital divide differentially
affects racial and ethnic groups. Our theoretical model identified
variables that predict OHIS while distinguishing the type (ie,
device) and location (ie, context) of access, testing these
associations for different racial and ethnic groups and examining
intersectional characteristics among these groups (ie, age, sex,
education, and income). By interlacing a thorough understanding
of the first-level digital divide with an awareness of the unique
impacts of the digital divide for specific groups, we further
theorize on OHIS and suggest important considerations for more
targeted interventions. As we continue to understand the
complexities of the digital divide and its relationship with health,
racial, and ethnic disparities, our perspective highlights how
web-based health resources may not be accessed by those who
need them the most.

 

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32678 | p.675https://www.jmir.org/2022/3/e32678
(page number not for citation purposes)

Medero et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Acknowledgments
The authors would like to thank Dr. David DeAndrea and Dr. Kelly Garrett for assisting them in the publication process, and Dr.
Kim for teaching them structural equation modeling (SEM) and giving them the space to grow on their own.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Data and syntax.
[ZIP File (Zip Archive), 227 KB - jmir_v24i3e32678_app1.zip ]

References
1. Eysenbach G. What is e-health? J Med Internet Res 2001 Jun;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20]

[Medline: 11720962]
2. Falling through the net: defining the digital divide. National Telecommunications and Information Administration. 1999.

URL: https://ictlogy.net/bibliography/reports/projects.php?idp=590 [accessed 2021-03-23]
3. Smartphones help blacks, Hispanics bridge some – but not all – digital gaps with whites. Pew Research Center. 2019 Aug

20. URL: https://www.benton.org/headlines/
smartphones-help-blacks-hispanics-bridge-some-%E2%80%93-not-all-%E2%80%93-digital-gaps-whites [accessed
2021-02-10]

4. Massey DS, Denton NA. American Apartheid – Segregation and the Making of the Underclass. Cambridge, MA: Harvard
University Press; 1993.

5. Mossberger K, Tolbert CJ, Gilbert M. Race, place, and information technology. Urban Affairs Rev 2016 Aug
19;41(5):583-620. [doi: 10.1177/1078087405283511]

6. Sewell S, Massey D, Denton N. A different menu: racial residential segregationthe persistence of racial inequality. In: Ray
R, editor. Race and Ethnic Relations in the 21st Century: History, Theory, Institutions, and Policy. San Diego, CA: University
Readers; 2010:287-296.

7. van Deursen AJ, van Dijk JA. The first-level digital divide shifts from inequalities in physical access to inequalities in
material access. New Media Soc 2019 Feb 07;21(2):354-375 [FREE Full text] [doi: 10.1177/1461444818797082] [Medline:
30886536]

8. Napoli PM, Obar JA. The emerging mobile internet underclass: a critique of mobile internet access. Inform Society 2014
Oct 02;30(5):323-334. [doi: 10.1080/01972243.2014.944726]

9. Gonzales AL, Ems L, Suri VR. Cell phone disconnection disrupts access to healthcare and health resources: a technology
maintenance perspective. New Media Society 2016 Jul 10;18(8):1422-1438. [doi: 10.1177/1461444814558670]

10. Bodie GD, Dutta MJ. Understanding health literacy for strategic health marketing: eHealth literacy, health disparities, and
the digital divide. Health Mark Q 2008 Jul;25(1-2):175-203. [doi: 10.1080/07359680802126301] [Medline: 18935884]

11. Public use dataset: HINTS data terms of use. Health Information National Trends Survey (HINTS). 2019. URL: https:/
/hints.cancer.gov/data/download-data.aspx [accessed 2020-09-19]

12. Fox S, Duggan M. Health online 2013. Pew Research Center. 2013. URL: http://www.pewinternet.org/2013/01/15/
health-online-2013/ [accessed 2020-11-13]

13. Lambert SD, Loiselle CG. Health information seeking behavior. Qual Health Res 2007 Oct;17(8):1006-1019. [doi:
10.1177/1049732307305199] [Medline: 17928475]

14. Chisolm DJ. Does online health information seeking act like a health behavior?: a test of the behavioral model. Telemed J
E Health 2010 Mar;16(2):154-160. [doi: 10.1089/tmj.2009.0102] [Medline: 20156127]

15. Gonzales A. The contemporary US digital divide: from initial access to technology maintenance. Inform Commun Society
2015 Jun 02;19(2):234-248. [doi: 10.1080/1369118x.2015.1050438]

16. Masi CM, Suarez-Balcazar Y, Cassey MZ, Kinney L, Piotrowski ZH. Internet access and empowerment: a community-based
health initiative. J Gen Intern Med 2003 Jul;18(7):525-530 [FREE Full text] [doi: 10.1046/j.1525-1497.2003.20344.x]
[Medline: 12848835]

17. Barzilai-Nahon K. Gaps and bits: conceptualizing measurements for digital divide/s. Inform Society 2006 Dec;22(5):269-278.
[doi: 10.1080/01972240600903953]

18. van Deursen AJ, van Dijk JA. Toward a multifaceted model of internet access for understanding digital divides: an empirical
investigation. Inform Society 2015 Sep 11;31(5):379-391. [doi: 10.1080/01972243.2015.1069770]

19. Ducrot P, Montagni I, Thanh VN, Serry A, Richard J. Evolution of online health-related information seeking in France
from 2010 to 2017: results from nationally representative surveys. J Med Internet Res 2021 Apr 14;23(4):e18799 [FREE
Full text] [doi: 10.2196/18799] [Medline: 33851927]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32678 | p.676https://www.jmir.org/2022/3/e32678
(page number not for citation purposes)

Medero et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i3e32678_app1.zip&filename=4aee9b130bf5c64ec9f0a8d26527c623.zip
https://jmir.org/api/download?alt_name=jmir_v24i3e32678_app1.zip&filename=4aee9b130bf5c64ec9f0a8d26527c623.zip
http://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
https://ictlogy.net/bibliography/reports/projects.php?idp=590
https://www.benton.org/headlines/smartphones-help-blacks-hispanics-bridge-some-%E2%80%93-not-all-%E2%80%93-digital-gaps-whites
https://www.benton.org/headlines/smartphones-help-blacks-hispanics-bridge-some-%E2%80%93-not-all-%E2%80%93-digital-gaps-whites
http://dx.doi.org/10.1177/1078087405283511
https://journals.sagepub.com/doi/10.1177/1461444818797082?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1461444818797082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30886536&dopt=Abstract
http://dx.doi.org/10.1080/01972243.2014.944726
http://dx.doi.org/10.1177/1461444814558670
http://dx.doi.org/10.1080/07359680802126301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18935884&dopt=Abstract
https://hints.cancer.gov/data/download-data.aspx
https://hints.cancer.gov/data/download-data.aspx
http://www.pewinternet.org/2013/01/15/health-online-2013/
http://www.pewinternet.org/2013/01/15/health-online-2013/
http://dx.doi.org/10.1177/1049732307305199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17928475&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2009.0102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20156127&dopt=Abstract
http://dx.doi.org/10.1080/1369118x.2015.1050438
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2003&volume=18&issue=7&spage=525
http://dx.doi.org/10.1046/j.1525-1497.2003.20344.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12848835&dopt=Abstract
http://dx.doi.org/10.1080/01972240600903953
http://dx.doi.org/10.1080/01972243.2015.1069770
https://www.jmir.org/2021/4/e18799/
https://www.jmir.org/2021/4/e18799/
http://dx.doi.org/10.2196/18799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33851927&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Mitchell UA, Chebli PG, Ruggiero L, Muramatsu N. The digital divide in health-related technology use: the significance
of race/ethnicity. Gerontologist 2019 Jan 09;59(1):6-14. [doi: 10.1093/geront/gny138] [Medline: 30452660]

21. Reisdorf BC, Fernandez L, Hampton KN, Shin I, Dutton WH. Mobile phones will not eliminate digital and social divides:
how variation in internet activities mediates the relationship between type of internet access and local social capital in
Detroit. Soc Sci Comput Rev 2020 Mar 16:089443932090944. [doi: 10.1177/0894439320909446]

22. Gunkel DJ. Second thoughts: toward a critique of the digital divide. New Media Society 2016 Jun 30;5(4):499-522. [doi:
10.1177/146144480354003]

23. Hassani SN. Locating digital divides at home, work, and everywhere else. Poetics 2006 Aug;34(4-5):250-272. [doi:
10.1016/j.poetic.2006.05.007]

24. Mossberger K, Tolbert C, Hamilton A. Broadband adoption measuring digital citizenship: mobile access and broadband.
Int J Commun 2012:2492-2528 [FREE Full text]

25. Dobransky K, Hargittai E. Inquiring minds acquiring wellness: uses of online and offline sources for health information.
Health Commun 2012;27(4):331-343. [doi: 10.1080/10410236.2011.585451] [Medline: 21932982]

26. Percheski C, Hargittai E. Health information-seeking in the digital age. J Am Coll Health 2011 Apr 13;59(5):379-386. [doi:
10.1080/07448481.2010.513406] [Medline: 21500056]

27. Alper M, Katz VS, Clark LS. Researching children, intersectionality, and diversity in the digital age. J Child Media 2016
Jan 18;10(1):107-114. [doi: 10.1080/17482798.2015.1121886]

28. Marton C. Understanding how women seek health information on the web. Doctoral Dissertation - University of Toronto.
2011. URL: https://tspace.library.utoronto.ca/handle/1807/29808 [accessed 2022-02-09]

29. Cotten SR, Gupta SS. Characteristics of online and offline health information seekers and factors that discriminate between
them. Soc Sci Med 2004 Nov;59(9):1795-1806. [doi: 10.1016/j.socscimed.2004.02.020] [Medline: 15312915]

30. Sbaffi L, Rowley J. Trust and credibility in web-based health information: a review and agenda for future research. J Med
Internet Res 2017 Jun 19;19(6):e218 [FREE Full text] [doi: 10.2196/jmir.7579] [Medline: 28630033]

31. Wong DK, Cheung M. Online health information seeking and eHealth literacy among patients attending a primary care
clinic in Hong Kong: a cross-sectional survey. J Med Internet Res 2019 Mar 27;21(3):e10831 [FREE Full text] [doi:
10.2196/10831] [Medline: 30916666]

32. Baumann E, Czerwinski F, Reifegerste D. Gender-specific determinants and patterns of online health information seeking:
results from a representative german health survey. J Med Internet Res 2017 Apr 04;19(4):e92 [FREE Full text] [doi:
10.2196/jmir.6668] [Medline: 28377367]

33. Bjarnadottir RI, Millery M, Fleck E, Bakken S. Correlates of online health information-seeking behaviors in a low-income
Hispanic community. Inform Health Soc Care 2016 Dec;41(4):341-349. [doi: 10.3109/17538157.2015.1064429] [Medline:
26837012]

34. Li J, Theng Y, Foo S. Predictors of online health information seeking behavior: changes between 2002 and 2012. Health
Informatics J 2016;22(4):804-814. [doi: 10.1177/1460458215595851] [Medline: 26261218]

35. Humphreys L, Karnowski V, von Thilo P. Smartphones as metamedia: a framework for identifying the niches structuring
smartphone use. Int J Commun 2018;12(17):2793-2809 [FREE Full text]

36. Kaplan D, Mossberger K. Prospects for poor neighborhoods in the broadband era. Econ Dev Q 2011 Dec 23;26(1):95-105.
[doi: 10.1177/0891242411431450]

37. Collins SA, Yoon S, Rockoff ML, Nocenti D, Bakken S. Digital divide and information needs for improving family support
among the poor and underserved. Health Informatics J 2016 Mar 15;22(1):67-77 [FREE Full text] [doi:
10.1177/1460458214536065] [Medline: 24935213]

38. Campbell SW. Mobile media and communication: a new field, or just a new journal? Mobile Media Commun 2013 Jan
01;1(1):8-13. [doi: 10.1177/2050157912459495]

39. Smith A. US smartphone use in 2015. Pew Research Center. 2015. URL: https://www.pewresearch.org/internet/2015/04/
01/us-smartphone-use-in-2015/ [accessed 2021-01-15]

40. Cline R, Haynes K. Consumer health information seeking on the Internet: the state of the art. Health Educ Res 2001
Dec;16(6):671-692. [doi: 10.1093/her/16.6.671] [Medline: 11780707]

41. Fareed N, Swoboda CM, Jonnalagadda P, Walker DM, Huerta TR. Differences between races in health information seeking
and trust over time: evidence from a cross-sectional, pooled analyses of HINTS data. Am J Health Promot 2021 Jan
26;35(1):84-92. [doi: 10.1177/0890117120934609] [Medline: 32588638]

42. Gonzales AL. Health benefits and barriers to cell phone use in low-income urban U.S. neighborhoods: indications of
technology maintenance. Mobile Media Commun 2014 Aug 19;2(3):233-248. [doi: 10.1177/2050157914530297]

43. van Dijk JA. The Deepening Divide: Inequality in the Information Society. Thousand Oaks, CA: Sage Publications; 2005.
44. Braveman P, Egerter S, Williams DR. The social determinants of health: coming of age. Annu Rev Public Health 2011

Apr 21;32(1):381-398. [doi: 10.1146/annurev-publhealth-031210-101218] [Medline: 21091195]
45. Chapman EN, Kaatz A, Carnes M. Physicians and implicit bias: how doctors may unwittingly perpetuate health care

disparities. J Gen Intern Med 2013 Nov 11;28(11):1504-1510 [FREE Full text] [doi: 10.1007/s11606-013-2441-1] [Medline:
23576243]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32678 | p.677https://www.jmir.org/2022/3/e32678
(page number not for citation purposes)

Medero et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1093/geront/gny138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30452660&dopt=Abstract
http://dx.doi.org/10.1177/0894439320909446
http://dx.doi.org/10.1177/146144480354003
http://dx.doi.org/10.1016/j.poetic.2006.05.007
https://ijoc.org/index.php/ijoc/article/view/1777
http://dx.doi.org/10.1080/10410236.2011.585451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21932982&dopt=Abstract
http://dx.doi.org/10.1080/07448481.2010.513406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21500056&dopt=Abstract
http://dx.doi.org/10.1080/17482798.2015.1121886
https://tspace.library.utoronto.ca/handle/1807/29808
http://dx.doi.org/10.1016/j.socscimed.2004.02.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15312915&dopt=Abstract
http://www.jmir.org/2017/6/e218/
http://dx.doi.org/10.2196/jmir.7579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28630033&dopt=Abstract
https://www.jmir.org/2019/3/e10831/
http://dx.doi.org/10.2196/10831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30916666&dopt=Abstract
http://www.jmir.org/2017/4/e92/
http://dx.doi.org/10.2196/jmir.6668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28377367&dopt=Abstract
http://dx.doi.org/10.3109/17538157.2015.1064429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26837012&dopt=Abstract
http://dx.doi.org/10.1177/1460458215595851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26261218&dopt=Abstract
https://ijoc.org/index.php/ijoc/article/view/7922/2397
http://dx.doi.org/10.1177/0891242411431450
https://journals.sagepub.com/doi/10.1177/1460458214536065?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458214536065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24935213&dopt=Abstract
http://dx.doi.org/10.1177/2050157912459495
https://www.pewresearch.org/internet/2015/04/01/us-smartphone-use-in-2015/
https://www.pewresearch.org/internet/2015/04/01/us-smartphone-use-in-2015/
http://dx.doi.org/10.1093/her/16.6.671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11780707&dopt=Abstract
http://dx.doi.org/10.1177/0890117120934609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32588638&dopt=Abstract
http://dx.doi.org/10.1177/2050157914530297
http://dx.doi.org/10.1146/annurev-publhealth-031210-101218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21091195&dopt=Abstract
http://europepmc.org/abstract/MED/23576243
http://dx.doi.org/10.1007/s11606-013-2441-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23576243&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Sood R, Jenkins SM, Sood A, Clark MM. Gender differences in self-perception of health at a wellness center. Am J Health
Behav 2019 Nov 01;43(6):1129-1135. [doi: 10.5993/ajhb.43.6.10]

47. Fang M, Canham S, Battersby L, Sixsmith J, Wada M, Sixsmith A. Exploring privilege in the digital divide: implications
for theory, policy, and practice. Gerontologist 2019 Jan 09;59(1):1-15. [doi: 10.1093/geront/gny037] [Medline: 29750241]

48. LaVeist TA, Gaskin D, Richard P. Estimating the economic burden of racial health inequalities in the United States. Int J
Health Serv 2011 Apr 01;41(2):231-238. [doi: 10.2190/hs.41.2.c]

49. Crenshaw K. Demarginalizing the intersection of race and sex: a Black feminist critique of antidiscrimination doctrine,
feminist theory and antiracist politics. In: Levit N, Verchick RR, editors. Feminist Legal Theory. New York, NY: Routledge;
1989.

50. Reifegerste D, Blech S, Dechant P. Understanding information seeking about the health of others: applying the comprehensive
model of information seeking to proxy online health information seeking. J Health Commun 2020 Feb 01;25(2):126-135.
[doi: 10.1080/10810730.2020.1716280] [Medline: 32009552]

51. van Stee SK, Yang Q. Online cancer information seeking: applying and extending the comprehensive model of information
seeking. Health Commun 2018 Dec 30;33(12):1583-1592. [doi: 10.1080/10410236.2017.1384350] [Medline: 29083231]

52. Basnyat I, Nekmat E, Jiang S, Lin J. Applying the modified comprehensive model of information seeking to online health
information seeking in the context of India. J Health Commun 2018 Jul 06;23(6):563-572. [doi:
10.1080/10810730.2018.1493058] [Medline: 29979921]

53. Health Information National Trends Survey 5 (HINTS 5) Cycle 3 Methodology Report. HINTS. 2019. URL: https://hints.
cancer.gov/docs/Instruments/HINTS5_Cycle3_MethodologyReport.pdf [accessed 2020-09-19]

54. Finney Rutten LJ, Blake KD, Skolnick VG, Davis T, Moser RP, Hesse BW. Data Resource Profile: The National Cancer
Institute's Health Information National Trends Survey (HINTS). Int J Epidemiol 2020 Feb 01;49(1):17-17j [FREE Full
text] [doi: 10.1093/ije/dyz083] [Medline: 31038687]

55. Muthén LK. Mplus: The Comprehensive Modeling Program for Applied Researchers : User's Guide. Los Angeles, CA:
Muthén & Muthén; 1998.

56. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new alternatives.
Struct Equat Model Multidiscipl J 1999 Jan;6(1):1-55. [doi: 10.1080/10705519909540118]

57. Tsetsi E, Rains SA. Smartphone internet access and use: Extending the digital divide and usage gap. Mobile Media Commun
2017 Jun 13;5(3):239-255. [doi: 10.1177/2050157917708329]

58. Lee YJ, Boden-Albala B, Larson E, Wilcox A, Bakken S. Online health information seeking behaviors of Hispanics in
New York City: a community-based cross-sectional study. J Med Internet Res 2014 Jul 22;16(7):e176 [FREE Full text]
[doi: 10.2196/jmir.3499] [Medline: 25092120]

59. Chang BL, Bakken S, Brown SS, Houston TK, Kreps GL, Kukafka R, et al. Bridging the digital divide: reaching vulnerable
populations. J Am Med Inform Assoc 2004 Nov;11(6):448-457 [FREE Full text] [doi: 10.1197/jamia.M1535] [Medline:
15299002]

60. Richardson A, Allen JA, Xiao H, Vallone D. Effects of race/ethnicity and socioeconomic status on health information-seeking,
confidence, and trust. J Health Care Poor Underserved 2012 Nov;23(4):1477-1493. [doi: 10.1353/hpu.2012.0181] [Medline:
23698662]

61. Ye J, Xu Z, Adesunloye B. Cancer information seeking among black and white adults: results from the 2003 and 2005
health information national trends surveys. Soc Market Q 2009 Jul 15;15(1_suppl):16-29. [doi: 10.1080/15245000903038290]

62. Perrin A, Duggan M. Americans’ internet access: 2000-2015. Pew Research Center. 2015. URL: https://www.pewresearch.org/
internet/2015/06/26/americans-internet-access-2000-2015/#internet-usage-by-gender [accessed 2021-02-10]

63. Finney RL, Hesse BW, Moser RP, Ortiz MA, Kornfeld J, Vanderpool RC, et al. Socioeconomic and geographic disparities
in health information seeking and internet use in Puerto Rico. J Med Internet Res 2012 Jul;14(4):e104 [FREE Full text]
[doi: 10.2196/jmir.2007] [Medline: 22849971]

64. Bowleg L. The problem with the phrase intersectionality—an important theoretical framework for public health. Am J
Public Health 2012 Jul;102(7):1267-1273. [doi: 10.2105/ajph.2012.300750]

65. Clayman ML, Manganello JA, Viswanath K, Hesse BW, Arora NK. Providing health messages to Hispanics/Latinos:
understanding the importance of language, trust in health information sources, and media use. J Health Commun 2010
Dec;15 Suppl 3:252-263 [FREE Full text] [doi: 10.1080/10810730.2010.522697] [Medline: 21154097]

66. Mossberger K, Tolbert CJ, Anderson C. The mobile internet and digital citizenship in African-American and Latino
communities. Inform Commun Society 2016 Oct 17;20(10):1587-1606. [doi: 10.1080/1369118x.2016.1243142]

67. Heard E, Fitzgerald L, Wigginton B, Mutch A. Applying intersectionality theory in health promotion research and practice.
Health Promot Int 2020 Aug 01;35(4):866-876. [doi: 10.1093/heapro/daz080] [Medline: 31390472]

68. Johnson JD, Kreps GL. Cancer-Related Information Seeking. New Jersey: Hampton Press; 1997.
69. Johnson J, Meischke H. A comprehensive model of cancer-related information seeking applied to magazines. Human Comm

Res 1993 Mar;19(3):343-367. [doi: 10.1111/j.1468-2958.1993.tb00305.x]

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32678 | p.678https://www.jmir.org/2022/3/e32678
(page number not for citation purposes)

Medero et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.5993/ajhb.43.6.10
http://dx.doi.org/10.1093/geront/gny037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29750241&dopt=Abstract
http://dx.doi.org/10.2190/hs.41.2.c
http://dx.doi.org/10.1080/10810730.2020.1716280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32009552&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2017.1384350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29083231&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2018.1493058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29979921&dopt=Abstract
https://hints.cancer.gov/docs/Instruments/HINTS5_Cycle3_MethodologyReport.pdf
https://hints.cancer.gov/docs/Instruments/HINTS5_Cycle3_MethodologyReport.pdf
http://europepmc.org/abstract/MED/31038687
http://europepmc.org/abstract/MED/31038687
http://dx.doi.org/10.1093/ije/dyz083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31038687&dopt=Abstract
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.1177/2050157917708329
https://www.jmir.org/2014/7/e176/
http://dx.doi.org/10.2196/jmir.3499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25092120&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15299002
http://dx.doi.org/10.1197/jamia.M1535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15299002&dopt=Abstract
http://dx.doi.org/10.1353/hpu.2012.0181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23698662&dopt=Abstract
http://dx.doi.org/10.1080/15245000903038290
https://www.pewresearch.org/internet/2015/06/26/americans-internet-access-2000-2015/#internet-usage-by-gender
https://www.pewresearch.org/internet/2015/06/26/americans-internet-access-2000-2015/#internet-usage-by-gender
http://www.jmir.org/2012/4/e104/
http://dx.doi.org/10.2196/jmir.2007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22849971&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2012.300750
http://europepmc.org/abstract/MED/21154097
http://dx.doi.org/10.1080/10810730.2010.522697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21154097&dopt=Abstract
http://dx.doi.org/10.1080/1369118x.2016.1243142
http://dx.doi.org/10.1093/heapro/daz080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31390472&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-2958.1993.tb00305.x
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
CFI: comparative fit index
HINTS: Health Information National Trends Survey
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Abstract

Background: Monitoring eating is central to the care of many conditions such as diabetes, eating disorders, heart diseases, and
dementia. However, automatic tracking of eating in a free-living environment remains a challenge because of the lack of a mature
system and large-scale, reliable training set.

Objective: This study aims to fill in this gap by an integrative engineering and machine learning effort and conducting a
large-scale study in terms of monitoring hours on wearable-based eating detection.

Methods: This prospective, longitudinal, passively collected study, covering 3828 hours of records, was made possible by
programming a digital system that streams diary, accelerometer, and gyroscope data from Apple Watches to iPhones and then
transfers the data to the cloud.

Results: On the basis of this data collection, we developed deep learning models leveraging spatial and time augmentation and
inferring eating at an area under the curve (AUC) of 0.825 within 5 minutes in the general population. In addition, the longitudinal
follow-up of the study design encouraged us to develop personalized models that detect eating behavior at an AUC of 0.872.
When aggregated to individual meals, the AUC is 0.951. We then prospectively collected an independent validation cohort in a
different season of the year and validated the robustness of the models (0.941 for meal-level aggregation).

Conclusions: The accuracy of this model and the data streaming platform promises immediate deployment for monitoring
eating in applications such as diabetic integrative care.

(J Med Internet Res 2022;24(3):e27934)   doi:10.2196/27934

KEYWORDS

deep learning; eating; digital watch

Introduction

Background
The technological progress of wearable devices, such as
smartwatches and wristbands, has made them an integral part
of our lives [1]. Wearable devices provide rich, high-frequency,
and longitudinal information for symptoms or activities relevant
to improving patient diagnosis, care, and treatment. Being able
to identify specific relevant activities, such as food intake, in a

way that places a minimal burden on that person has the
potential of increasing efficiency of monitoring and patient
satisfaction. For example, current diabetes management using
basal and bolus insulin regimens requires a high level of patient
engagement. One-third of patients with type 1 or type 2 diabetes
report insulin omission or nonadherence at least once in the past
month, and one of the cited reasons is being too busy [2]. In
this scenario, passively collected digital sensor data from
consumer wearable devices could be an ideal approach for
supplementing the sensor and patient-provided data collected
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by specialized connected care diabetes devices. Apart from
diabetes, a variety of diseases have been linked to poor eating
habits, including heart diseases, obesity, high blood pressure,
and other leading causes of death [3,4]. The ability to monitor
eating behavior on a continuous basis is central to improving
the care and treatment of these conditions.

Related Works
The current literature includes studies of automatic food intake
detection using a variety of sensors (Table 1), such as audio,
motion, and specialized sensors for chewing and swallowing
detection, mounted on different parts of the body such as wrists,
head, ears, and neck [5-11]. Although published results are
encouraging and indicate the feasibility of automatic food intake
detection, advancement in data collection and analytics is still
in need. First, most of the existing studies have been conducted
in the laboratory [12-15], whereas data on eating in the

free-living environment is more difficult to obtain and infer.
Second, if a study is conducted in a free-living condition, it is
challenging to obtain accurate ground truth. Typically, such
ground truth is obtained through food diaries or questionnaires,
and the failure to memorize eating times impedes establishing
accurate models [16,17]. Third, because of the cost of wearable
watches, participant recruitment, and data extraction, pioneering
studies so far are very limited in size, typically covering dozens
to hundreds of hours of records in total (Table 1) [18]. For
example, Farooq and Sazonov [19] took a total of 23 hours of
records >10 individuals in a free-living environment to study
the effectiveness of accelerometers in detecting eating. A study
that is comparable in size to this one is the Sharma et al [9]
study, which contained 1413 hours of records. Finally, this study
distinguishes itself from the above studies by its longitudinal
follow-up of weeks. This allowed us to update the models for
each device user as the data collection proceeded.

Table 1. Representative literature with relatively large size of data on eating detection.

Weighted accuracy
(%)

F1 score
(%)

Total hoursNumber of
participants

Device
position

Definitions of eatingStudy

81N/Aa44943WristDong et al [7] • Daily meals and snacks

N/A76.1 and
71.3

784.258WristThomaz et al [8] • Laboratory: participants were asked to
use a fork, knife, hand, and spoon to
eat lasagna, popcorn, sandwich,
breakfast cereal, rice, and bean

• Free-living: normal daily meal activi-
ties

75N/A1413104WristSharma et al [9] • A complete meal or snack

N/A95.2b122.310Eyeglass-
es

Zhang and Amft [20] • Participants had no constraints on diet
selection and daily activities.

• They were asked to manually log every
eating event in a diet journal of a 1-
minute resolution.

92.877.532.214EarBi et al [11] • Laboratory: 6 types of food with 3
crunchy types and 3 soft types

• Free-living: daily meal activities

N/A81.6370.120NeckZhang et al [10] • An aggregate of chewing sequences
that occur within a short duration of
time; these chewing sequences are
separated from other chewing se-
quences by a large time gap

N/A87.92310Eyeglass-
es

N/AFarooq et al [19]

This work

7893.83828.2534WristN/A5-minute chunks

8887.73828.2534WristN/AWhole meals in the dis-
covery cohort

87873828.2534WristN/AWhole meals in the val-
idation cohort

aN/A: not available.
bBest.
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Objective
Our objective is to develop a prospective, noninterventional,
observational study that addresses the above challenges in
detecting events of food intake based on passively collected
motion sensor data from wearable devices in free-living
conditions. We also aim to test the performance of the deep
learning algorithms in detecting eating using this data. To this
end, we developed a specialized app that allows the recording
of eating diaries by simply tapping on the smartwatch and
automatic streaming of the accelerometer and gyroscope data
into the cloud computing platform. A total record of 3828.25
hours (1658.98 in the discovery cohort and 2169.27 in the
validation cohort), encompassing 6 types of eating utensils
(forks, knives, spoons, glass, chopsticks, and hands), provided
us with deep data for developing models that infer eating
behavior in the general population. We develop models that
have an area under the curve (AUC) of 0.951 for detecting an
entire meal event. We also show the potential to fine-tune more
accurate personalized models. A prospective, independent cohort
further validated the model. The accuracy of this model supports
its immediate readiness to be deployed in clinical trials such as
connected diabetes care devices and other therapeutic areas.

Methods

Recruitment and Ethics Approvals
The inclusion criteria of participants in the study were as
follows: (1) aged ≥18 years; (2) living in the United States; (3)
an Eli Lilly employee working in a Lilly office in Indianapolis,

United States; (4) willing to wear an Apple Watch, which is
provided for this study and which will be used to collect data
from the device motion sensors and logs of events of food
consumption; (5) owning a Lilly iPhone and willing to pair it
with the Apple Watch provided in this study and to use an app
developed for this study to facilitate transfers of motion sensor
data; (6) having an internet connection with access to a secure
password-protected Wi-Fi at home for the duration of the study;
and (7) willing to not use another wrist-worn personal device
(eg, Apple Watch) for the duration of this study. The exclusion
criteria were as follows: (1) experiencing from hand tremors or
involuntary arm movements, (2) currently being a smoker, (3)
participation in any other study involving wearable devices that
may interfere with the conduct of this study at any point during
participation in this study, and (4) being involved in the planning
or conduct of this study or being a member of the Machine
Learning and Artificial Intelligence team of the Advanced
Analytics and Data Sciences group at Eli Lilly. The study has
been approved by the Eli Lilly Review Board (study number:
2019-8193) and reviewed by the Western Institutional Review
Board (WIRB protocol number 20190878), and all participants
have provided written consent to this study. The informed
consent form is provided in Multimedia Appendix 1.

Instruments
The purpose of this study is to develop a data streaming system
and algorithms that could automatically collect and detect eating
events based on passive monitoring of motion sensor data from
wearable devices in free-living conditions. The terms used
throughout this paper are outlined in Textbox 1.

Textbox 1. Terminology and notations used in the paper.

Terms and explanations

• Window

• A segment from the data used as the model input (typically 5 minutes in this study)

• Moving step

• The size of the stride between 2 consecutive windows

• Session

• A session is a consecutive recording from the watch; a single day can have multiple sessions.

• Region

• A segment of data within a specific time range

• Aggregation

• The methods that we use to determine the inference of a region based on its related windows

• n

• A cutoff helping to determine if a meal region is inferred correctly or if a region is false positive

• False positive regions

• A region containing at least n false positive data windows

• (Hourly) false positive detection rate

• (Number of the false regions–number of the positive regions)/total sample hours
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Our goal is to detect eating activity based on data from motion
sensors embedded in wearable devices to minimize the risk of
privacy invasion. Eating activity in humans involves potentially
distinguishable movements—hand-to-mouth gestures. A total
of two motion sensors—accelerometer and gyroscope—were
used for the position and orientation sensing in digital watches
(Figure 1B). We used the Apple Watch Series 4, which is
equipped with both sensors. We programmed the watch to
extract sensor data using a standard application programming
interface (API), which can be seamlessly paired with an iPhone
to facilitate data flow and retrospective labeling. This study has
been approved by the Eli Lilly Western Institutional Review
Board, and participants’ information was deidentified before
analytic research. Eating dairy is in general recorded by 2 simple
tappings of begin and end on the Apple Watches. Compared
with previous eating diaries, this method facilitates accurate
recordings of the eating region.

Participants were asked to log all events of food intake
regardless of the type of food or beverage consumed or the
manner in which it is consumed (eg, with or without utensils,
sitting down, standing, or walking), except while driving.
Specifically, they were asked to log each region of food intake
if she or he estimated that it would involve >3 bites or sips
(movements to bring the food to one’s mouth) and would last
for >2 minutes. Activities such as taking oral medications, using
chewing gum, or taking a few sips of water did not need to be
logged. Although many people wear a watch on a nondominant
arm, in this study, we asked the participants to wear the study
Apple Watch on the arm that they consider dominant for eating
purposes. This choice is motivated by the available literature
indicating that the food intake detection algorithms using motion
sensor data from the dominant arm provide better performance
than those using data from the nondominant arm, whereas using
sensor data from both arms does not improve performance
significantly [5].

We recruited 2 independent cohorts. The first cohort included
17 individuals, deidentified before data analysis—02CE, 064F,
08A5, 0D51, 0FA7, 11FD, 1453, 16A9, 1B55, 2257, 2BAF,
305B, 32B1, 375 D, 3e5f, 4561, and 47B7—and spanned
between May 29, 2019, and July 7, 2019. The second cohort
included 17 individuals—766F, 7D71, 7FC7, 8473, 94CD, 9979,
A07B, AE7F, B0D5, BED9, C385, CA87, D189, D3DF, DF8D,
E1E3, and E68F—and spanned between November 4, 2019,

and November 25, 2019. For each participant, we longitudinally
collected a maximum of 20 (discovery cohort) and 22 days
(validation cohort) of their daytime activities, with a median of
9 and 11 days, respectively. This provided a total of 1658.98
hours of data in the discovery cohort and 2169.27 hours of data
in the validation cohort (Figure 1A). The discovery cohort
included 162 days of samples in total, where each individual
was allowed to take different numbers of days of experiments
varying from 1 (eg, participant 1453) to 20 (eg, participant 2257;
Multimedia Appendix 2, Figure S1). The validation cohort
included 193 days of samples in total, with the experiment days
varying from 1 (eg, participant A07B) to 22 (eg, participant
CA87; Multimedia Appendix 2, Figure S1).

Data were recorded at a frequency of 50 Hz and were segmented
into individual files by the combination of collection date and
participant ID. It is common to see multiple sessions in a single
file (Figure 1D and Textbox 1), corresponding to consecutive
recording periods in a single day. Approximately 25.3%
(41/162) of the samples contain >1 session in the discovery
cohort, and approximately 68.9% (133/193) of the samples in
the validation cohort have at least two sessions (Multimedia
Appendix 2, Figure S1C). The data are presented in a timewise
fashion of 20 features, including acceleration and rotation rate
(acclx for acceleration at the x-axis, accly for acceleration at the
y-axis, acclz for acceleration at the z-axis, gyrox for gyroscope
at the x-axis, gyroy for gyroscope at the y-axis, and gyroz for
gyroscope at the z-axis), utensils (binary labels of utensils, fork,
knife, spoon, glass, chopstick, and hand), ground truth labels
(tag for all eating tags, tagTimely for eating tags that are done
when eating happens, and tagRetro for retrospectively recorded
taggings), session (sesid), timestamp (ts), and the local time
(tod). We determined whether a positive tag should be
considered in the training by tagTimely, a binary feature
indicating whether the tag is labeled during mealtime.

The data collection platform will also enable the participants
to retrospectively log approximate times of meals if they forget
to log them in a timely manner. The choice of collecting ground
truth classification labels through participants’ logs is also
motivated by the fact that a potential future activity detection
system deployed in real life may collect some amount of
personalized training data to fine-tune the inference model to
individual characteristics.
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Figure 1. Overview of data collection and streaming for meal activity analysis. (A) Data comes from two cohorts: 17 participants in the discovery
cohort with 1658.98 hours of data and 17 participants in the validation cohorts with 2169.27 hours of data. (B) Signals were collected by 2 sets of
sensors, accelerometer and gyroscope, in Apple Watch and paired with iPhone. (C) Z score and centering normalization were conducted for each of the
x, y, and z axes for each window. (D) The gyroscope and accelerometer provide continuous signals on the x, y, and z axes over time. There are 2 modes
to record meal time. The general model recording starts and stops by tapping the button on the Apple Watch. Retrospective mode allows the participant
to type in the rough meal time with the iPhone after having a meal. For each record, we took 5-minute windows with a moving step of 20 seconds. The
windows with >2.5 minutes of mealtime will be labeled as eating activity. Windows belonging to 2 sessions are removed. (E) Two augmentation
methods, quaternion rotation and scaling the signal magnitude, apply to each data window. (F) Deep learning network structure.

Data Cleaning
A couple of noncompliances appeared to have come from the
misunderstandings of the guidance. For example, participant
4561 presented very short sampling regions on June 6, 2019
(Multimedia Appendix 2, Figure S2A). It appears that she/he
recorded only the mealtime. Another noncompliance was
observed in the close-to-zero signals in accelerometer and
gyroscope data for a long region of time; for example,
47B7_2019-06-07 (Multimedia Appendix 2, Figure S2B). This
identification number follows the format of participant ID_date.
It is likely that participants took off their watch during these
time regions. We further removed individuals or days without
eating records (eg, 2257_2019-06-27). Communications with
participants indicated that they were incorrectly annotated.

For the discovery cohort, participants 064F, 1453, and 08A5
were excluded from this study because of an overwhelming
number of retrospectively annotated meals (>50%; Figure 2A),
which indicates potential poor data quality of these days.
Records from these participants are also removed as the
sampling times are <3 hours in a day, as they are possibly not
compliant with the instructions that require wearing the watch
during day time: 4561 (May 30, 2019, and June 6, 2019), 305B
(June 11, 2019), 47B7 (June 7, 2019, and June 1, 2019), 2257
(June 27, 2019), 375 D (June 7, 2019), 32B1 (June 18, 2019),
and 0D51 (June 11, 2019). Of the 17 individuals, 14 (82%)
individuals remained to consider in the model development for
the global model. The personalized models were fine-tuned and
evaluated on the 86% (12/14) of individuals with ≥7 samples:
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02CE, 0D51, 0FA7, 11FD, 16A9, 1B55, 2257, 32B1, 2BAF,
305B, 4561, and 47B7.

For the validation cohort, based on the same exclusion rules,
we also kept 82% (14/17) of individuals and removed

participants 9979 (3/3); 94CD (8/11), who had an overwhelming
number (>50%) of retrospectively recorded meals; and 7D71
(0/0), who failed to label the meal times in all dates. Then, we
removed 15 person days with a total duration of <3 hours and
another 55 person days, which did not contain any meal times.

Figure 2. Summary of the meal regions. (A) Describes the meal number of each individual in the discovery cohorts and the validation cohorts. The
bars are sorted by the total number of the meals and comprise two types of model labeling: label during eating (in-time, the blue bars) and label by
retrospect (retrospective, the orange bars). (B) Summarizes the meal numbers per day excluding the retrospectives. (C) Shows the distributions of the
duration (in minutes) of the meals for the discovery and the validation cohorts, excluding the retrospective meals. (D) Plots the distributions of the
starting times of the meals in these 2 cohorts, and the dashed lines correspond to smoothed curves describing the counts. (E) Distribution of the numbers
of the meals with different utensils in the discovery and the validation cohorts. (F) Statistics of the meal lengths (in hours) for different utensils in the
discovery and the validation cohorts.

Data Preprocessing
All the data were cut into 5-minute (300 seconds) windows with
a moving step of 20 seconds from the start of each date of data
based on the record length. The label for each 5-minute data
window was determined by the proportion of mealtimes: if the
window has >2.5 minutes (150 seconds) labeled as mealtime,
then the label of the window is 1 (positive examples); otherwise,
it is 0 (negative examples). There were 3 additional conditions
that generated −1 labels, which were excluded in both training
and evaluation (Figure 1D). The first one is when the current
window belonged to 2 different sessions; the second is that the
window included the records whose tagRetro (retrospectively
recorded eating) was not 0 or missing, which means these tags
were recalled by the users after their meals. Third, extremely
short periods of eating <3 minutes were excluded as they could
have disrupted the fairness of evaluation. A total of 282,942
windows were generated according to this preparation method

from the discovery cohort, and 13,498 of them were positive.
As the data were highly unbalanced, we applied an
oversampling: we randomly selected N records from the positive
examples with replacement, where the N is the number
difference between the negative examples and the positive
examples.

Model Training and Evaluation
The general training and evaluation strategy was
cross-validation, a commonly used scheme that ensures
sufficient test examples. In each test, we randomly selected 21%
(3/14) of individuals for the test set, 18% (2/11) of individuals
for the validation set, and the rest 64% (9/14) of individuals as
the training set. Models were trained and tuned on the training
and the validation sets, and we evaluated the performances on
the test set. We also trained 5 models for each test, which came
from 5 random splits on the training set and the validation set
while maintaining the 3 final test individuals unchanged. The
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final inference scores for the evaluations were the averaged
ensemble of the 5 models.

We experimented separately based on accelerometer and
gyroscope data, and then we assembled the inference scores
using the 2 types of data by taking the average. Experiments
are organized in the following order: input data, normalization
methods, and augmentations. In each step, we selected the
best-performing model for the next experiment. For the
fine-tuned personalized model, we first trained a model using
all the data in the discovery set, excluding the individual that
was the target of fine-tuning. Then, we fine-tuned the model
for 2 additional epochs on 60% of the days of the target
individual, using another 20% of the days as validation and the
last 20% of the days as the test set. Across all experiments, the
evaluation was conducted on the testing set with the original
class imbalance.

Model Architecture
The backbone of the models is a deep convolutional neural
network, comprising 10 building blocks and a fully connected
layer for the output listed in Multimedia Appendix 2, Table S13
and Figure 1F. Each block contains a convolutional layer, a
batch normalization layer, and a maxpooling layer. The number
of filters grows progressively from 8 to 256
(8,16,16,32,32,64,64,128,128, and 256). The sizes of the filters
follow (11,10,10,8,9,6,7,4,5, and 2). The network receives both
the 3-channel inputs from the accelerometer or the gyroscope
and the 6-channel inputs when using them together. The weights
of the network are trained by an Adam optimizer [21], the most
popular parameter optimizer, with a learning rate of 0.00003
and a binary cross-entropy loss function as the training target
is binary. To combat overfitting, we applied a callback function
to retrieve the weights from the epoch of the best performance
on the validation set. These selected weights were then applied
to the test set to evaluate the model performance. We trained a
total of 5 epochs. The kernel was initialized with Glorot uniform.
The abovementioned parameters were selected empirically and
then searched around the empirical values.

Normalization and Data Augmentation
We tested two normalization methods: centering and z score
normalization (Figure 1C). The outputs of centering were the
subtraction between the original values and the averages, and
the z score normalization required a calculation based on the
following formula, where the µ is the average, and the σ is the
SD.

To combat overfitting, we applied 2 augmentation methods
(Figure 1E). The first was scaling the signal magnitude by
multiplying a randomly selected number from a uniform
distribution in (0.8, 1.2). The second was rotating the signals
by multiplying a quaternion rotation matrix, which mimics the
situations where the same record is taken in different reference
frames. First, we randomly generated a set of coordinates (x, y,
and z) and defined a reference frame by calculating the basis
vectors.

Then, we randomly seeded a rotation angle from (0, 2π), and
calculated as follows:

The rotation matrix, which multiplies to the original acceleration
or gyroscope signals, were then defined as follows:

Evaluation Metrics
The model performances were evaluated on the ensembled
inference scores and by a series of metrics, including the area
under the receiver operating characteristics curve and the area
under the precision–recall curve (AUPRC). Using the
information of true positive TP, true negative TN, false positive
FP, and false negative FN, we evaluated the weighted F1 score
and the relating precision and recall scores [22], where i is the
index of the class, and the wi=number of class i samples/total
sample numbers is the proportion of the class i.

Precisions came from TP/(TP+FP), and recalls came from
TP/(TP+FN). We also calculated weighted accuracy following
the method in the studies by Dong et al [7] and Sharma et al
[9]:

where w is the ratio of the number of negatives over the number
of positives.

All the metrics were calculated by the corresponding functions
in scikit-learn.

Comparison With DeepConvLSTM
We applied DeepConvLSTM [22] based on the official Pytorch
implementation. We used a filter size of 32, and the number of
hidden units in the long short-term memory was 64. Details of
the structure and the parameters are listed in Multimedia
Appendix 2, Table S14. We used the Adam optimizer and binary
cross-entropy loss function.

Statistical Significance Analysis
For model comparison, in each test of inference, we first
calculated the ratio (denoted as R) of the positive (label=1) to
the negative examples (label=0) and then randomly selected
1500 positive 5-minute windows and 1500R negative windows.
We repeated 100 times to estimate the P values.

Code Availability
The code is attached with the submission (Multimedia Appendix
3) and can be runnable with Python 3.6.12 and Keras 2.2.4.

Data Availability
On the basis of consent forms, Eli Lilly can share data with
regulatory authorities (Food and Drug Administration) in the

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27934 | p.686https://www.jmir.org/2022/3/e27934
(page number not for citation purposes)

Zhang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


United States, the ethical review board overseeing this study,
and the researchers at other institutions who wish to analyze
the data in this study.

Results

Deep Learning Accurately Classifies Eating Activity
in 5-Minute Windows on Previously Unseen
Individuals
We first analyzed the data from the discovery cohort. Raw data
were collected from the accelerometer and gyroscope from the
Apple Watch at a frequency of 50 Hz and streamed to Amazon
Web Service [23]. Each time point was labeled with a meal tag
(1 denoted the meal region and 0 denoted non–meal time).
Participants were asked to specify the start and the end of the
mealtime and whether this region was recorded at the time of
the meal or retrospectively. Most (126/162, 77.8%) of the daily
records lasted approximately 8 to 15 hours, representing the
daily activity time when the participants wore the watches
(Multimedia Appendix 2, Figure S1B). The participants are
likely to begin their records from 7 AM to 9 AM (Multimedia
Appendix 2, Figure S1D) and end at 7 PM to 9 PM (Multimedia
Appendix 2, Figure S1E), which is consistent with the expected
daily activity time. A participant could have 1 to 7 eating events
within a day, with the vast majority having between 1 and 4
eating events per day. Approximately 75% of the meals would
last for <20 minutes. The start and peak times of the meal events
were shown at the expected breakfast, lunch, and dinner times
(Figure 2).

With the generated 5-minute windows (Figure 1D), we
constructed a 1D (along the time axis for both input and output)
deep learning model (Figure 1F) with 3 channels as input (x, y,
and z axes of accelerometer or gyroscope; 6 channels when
giving both accelerometer and gyroscope information). On the
basis of the cross-validation described in the Methods section,
our work showed an average AUC of 0.825 (SD 0.073; Figure
3D and Figure 4C) and an average AUPRC of 0.437 (SD 0.096),
with the baseline (same value predictions for all data points) of
0.053 (Multimedia Appendix 2, Figure S3C and Figure 4D).
When including the retrospective meals in prediction, our model
showed stable performances with an average AUC of 0.813 (SD
0.067) and AUPRC of 0.440 (SD 0.077, baseline 0.065). In
comparison, we adapted DeepConvLSTM on this data set [22],
which achieved an average AUC of 0.797 (SD 0.065) and an
average AUPRC of 0.294 (SD 0.072; Figure 3E) on the
nonretrospective meals. This demonstrated that the techniques
integrated into this approach could substantially improve over
a state-of-the-field method.

We identified the factors that affect performance. First, based
on the 5 models trained on the random splits of the training set,
assembling the inference values from the output of the last fully
connected layer, by taking the averages in each test, can
significantly improve the performances in all the experiments
(P<.001; Figure 3B-Figure 3D; Multimedia Appendix 2, Figure
S3A-3C). Second, building the model on gyroscope data can
achieve better performances than using accelerometer data or
both. The average AUC and AUPRC of the gyroscope model
are 0.02 to 0.05 higher than the other alternatives (P values for
AUCs <.001; P values for AUPRCs <.001; Figure 3B and
Multimedia Appendix 2, Figure S3A; Multimedia Appendix 2,
Tables S1 and S2). Third, choosing correct input data
normalization methods may be helpful. Centering normalization
improved the model performance by 0.002 on the AUC and
0.01 on the AUPRC (P values for AUCs=.29; P values for
AUPRCs=.10), whereas, with the z score normalization, which
may compress the original ranges of the signals, the
performances will drop by 0.01 and 0.04 on the AUC and
AUPRC (Figure 3C and Multimedia Appendix 2, S3B;
Multimedia Appendix 2, Tables S3 and S4). This is likely to
reflect the fact that the magnitude of the signal is critical to the
model, whereas the directions of the watch (ie, reflected as the
overall shift of an axis) are not relevant. Fourth, data
augmentation, including the quaternion rotation of the signals
in space and scaling the signal magnitudes, might improve the
model performance. Rotation and scaling can provide >0.01
improvement on both AUCs and AUPRCs for a single model,
although not statistically significant (P values for AUCs=.33;
P values for AUPRCs=.17). When considering the ensemble
model that aggregates 5 models generated using different
random seeds, the magnitude scaling gives better but not
significantly better performance both on AUC and AUPRC (P
values for AUCs=.26; P values for AUPRCs=.88; Figure 3D
and Multimedia Appendix 2, Figure S3C; Multimedia Appendix
2, Tables S3 and S4). Adding in local time did not improve the
performance (Tables S1 and S2).

To retrieve the performances of each individual, including the
previously excluded ones, and generate the baselines for
evaluating the improvements of our following fine-tunings on
the personalized models, we also used the leave-one-subject-out
approach to calculate the AUCs and AUPRCs. For each
individual, the model was trained on all the other data except
the one left out. The average AUC for the ensemble model was
0.818 (SD 0.104), and the average AUPRC was 0.419 (SD
0.162, Figure 4A and Figure 4B; Multimedia Appendix 2, Table
S7). Visualization of the inferences of two dates of records: data
on June 24, 2019, from 0FA7 and data on June 10, 2019, from
3E5F show consistency with the eating and noneating behaviors
(Figure 4E and Figure 4F).
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Figure 3. Evaluation of model performance on 5-minute windows of the discovery cohort. (A) Models were built by gyroscope data only, accelerometer
data only, and gyroscope+accelerometer data. Next, we tested the centering and normalization of each axis of the data. Intensive data augmentation was
applied to the data on the fly. For each method, 5 models were trained by resampling the training and validation data and they were assembled for
evaluation. (B) Presents the performance comparisons of different data selections. (C) Presents the performance comparison of different normalization
methods applied on the gyroscope model. (D) Presents the performance comparisons of the augmentation methods based on the centering model, where
Quart refers to the quaternion rotation augmentation, and Scale refers to scaling the magnitude. (E) Comparison of the performances between
DeepConvLSTM and the method presented in this paper. AUROC: area under the ROC curve; AUPRC: area under the precision–recall curve; CNN:
convolutional neural network; ROC: receiver operator characteristic.
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Figure 4. The evaluations of the selected best model: convolutional neural network backbone trained with the centering normalized gyroscope data
using magnitude scaling. (A and B) show the leave-one-subject-out results of the model on the discovery cohort, evaluated both in the area under the
curves and area under the precision–recall curves. The black points in (B) are the baselines for the individuals. As 1453 does not have any positive
samples after excluding the retrospectives, its value will be empty. (C) is an area under the ROC curve, and (D) is a precision–recall curve for the
cross-validation from the ensemble model, respectively. (E and F) give the inferences of the 2 dates of records, where the blue segments denote the
signals of the non–meal time, and the orange segments are the signals of the mealtime. PR: precision recall; ROC: receiver operator characteristic.

Fine-tuning of the Personalized Model Improves
Performance
This longitudinal data allowed us to explore whether it is
possible to construct personalized models for eating and further
improve model performance (Figure 5A). The global models
served as the fine-tuning starting points for the individuals of
interest (Figure 4A and Figure 4B). This study design mimics
an important utility of the models in real life, where we adopted
an existing model to a previously unseen person and asked
whether we could improve the inference on this individual by
observing some data for this individual.

Comparing the performance of the global model on this
individual versus the fine-tuned model, we found that other than
1 individual (2BAF), the fine-tuned personalized models showed
better performance than directly applying the population models
on the specific individuals. The AUC on average improved for
the fine-tuning model to 0.872 (SD 0.099), with an average
weighted F1 (the average weights were 0.059 and 0.941 for
positives and negatives, respectively) score of 0.938 (SD 0.048),
an average precision of 0.945 (SD 0.045), and an average recall
of 0.934 (SD 0.049; Figure 5B and Figure 5C; Multimedia
Appendix 2, Tables S8 and S9).
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Figure 5. Evaluating fine-tuning to generate individual models on the discovery cohort. (A) For a specific individual under investigation, we first
trained 5 global models using all other individuals by resampling the training and validation set for the deep learning training process. Next, we split
records of the individual of interest by days into training, validation, and test sets and fine-tuned the global model using the training and validation set.
We evaluated the performance by the area under the ROC curve for both the global and the individual fine-tuned models for (B) 5 separated models
and (C) ensemble models. ROC: receiver operator characteristic.

Aggregation of Multiple Windows Reaches
Near-Perfect Detection of Meal Events
We then evaluated the model performance on the original
mealtimes. We conducted three experiments on cross-validation
of the discovery cohort:(1) the prediction for whole meals
(Figure 6A), (2) the prediction within 5 minutes or 10 minutes
after the meal starts (Figure 6B), and (3) the false calls within
an hour (Figure 6C). For all nonretrospectively recorded meal
events, we calculated the average score during each meal event.
For calculating scores for the negative regions, we randomly
selected a series of negative regions whose lengths and numbers
were matched to the meal events. The scores for the negatives
were generated by taking the averages of the windows within
the selected regions. The models achieved an AUC of 0.951
(SD 0.018) by this aggregation, and the corresponding weighted
F1 score (weights were 0.464 and 0.536 for positives and
negatives, respectively), precision, and recall were 0.877 (SD
0.037), 0.8890 (SD 0.027), and 0.879 (SD 0.035), respectively

(Figure 6D; Multimedia Appendix 2, Table S10). Including the
retrospective, meals would result in a similar AUC of 0.951
(SD 0.017), with the corresponding weighted F1 score of 0.858
(SD 0.040, weights for positives and negatives were 0.5).

For prediction on the 10-minute or 5-minute after meal start,
we used the accuracy (ie, how many mealtimes were correctly
inferred) for evaluation (Figure 6E; Multimedia Appendix 2,
Tables S11 and S12). In this case, we were interested in how
we could choose a criterion so that most meals could be detected
within 5/10 minutes. We used a moving step of 10 seconds and
defined a window to be positive if the prediction score was >0.3.
If >3 windows were predicted to be positive in 5/10 minutes,
we alarmed a call. Using these criteria, we reached a recall rate
of 0.889 for 10 minutes, and the result remained robust in the
5-minute test, cutoffs of prediction score between 0.4 and 0.6,
and the number of windows we used to alarm the call.

Next, we calculated the number of false positive predictions per
hour of negative regions. For each hour, we had a total of 360
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chunks (with a moving step of 10 seconds). The corresponding
false positive prediction was 0.172 per hour; that is, 1 to 2 times
of false positives in a whole day of activity. Again, this result

was robust against the cutoff defining a positive window and
the number of windows needed to alarm a call.

Figure 6. The results of the aggregations on the entire meals and on the specific time regions after meal start. (A) Aggregation to produce meal-level
detection performance. (B) A preprocessing step removed meals that were <3 minutes and created 5- or 10-minute windows for positive examples to
evaluate recall rate. (C) Nonmeal regions were used to calculate false positive alarms using the 5-minute windows and the same criteria as what was
used to define positive inferences in calculating the recall rate. The gray areas denote the mealtimes with the 10-minute boundaries at the start and the
end, where the windows are out of consideration. (S) Shows the evaluations of the aggregations on the entire meals. The boxplots comprise the AUCs
from the average inferred scores of the ensemble models in the cross-validation, and the experiments (models) are the same as those in Figure 3A. The
point in each box denotes the corresponding average AUC. (E) indicates the results of the aggregation on the 5- and 10-minute meals after starting and
on the entire negative signals. The lines show how the detection accuracy and the hourly false positive numbers (the black lines) change along with the
cutoffs. The orange lines show the results for the 10-minute meals, and the blue lines are the 5-minute meals. The shape of the points represents the
choice of N, where the circles/solid lines are N=1, and the triangles/dashed lines are N=3. AUC: area under the curve; ROC: receiver operator characteristic.

Generalizability to an Independent Validation Cohort
Collected in a Different Season
Although the first batch of the data was collected in the summer,
we proceeded to collect a second validation cohort in winter, 6

months later, by recruiting 17 new individuals. By splitting the
discovery cohort data into 5 sets of training and validation data,
we first finalized 5 models for the first cohort; then, we directly
applied these models to the validation cohort for inferences.
Next, we applied the scheme of the whole meal predictions to

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27934 | p.691https://www.jmir.org/2022/3/e27934
(page number not for citation purposes)

Zhang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


the validation cohort, both on the data with and without the
retrospective meals. Without any further tuning, the model
achieved a meal-level AUC of 0.941 on the validation cohort
for the nonretrospective meals, with a 0.870 weighted F1 score
(the weights were 0.445 and 0.555 for positives and negatives,

respectively), a 0.878 precision, and a 0.871 recall. With the
retrospective meals, the meal-level AUC and the weighted F1
score were 0.920 and 0.846, respectively (the weights for
positives and negatives were 0.5). The performances of our
work in this study are listed in Table 2.

Table 2. List of the performances in this study.

Weighted F1
score

Area under the preci-
sion–recall curve

Area under the curveExperiments

N/Aa0.4370.825Cross-validation of our model on 5-minute windows

N/A0.4400.813Cross-validation of our model on 5-minute windows, including the predic-
tions on retrospective meals

N/A0.2940.797Cross-validation of DeepConvLSTM [22] on 5-minute windows

N/A0.4190.818Leave-one-subject-out approach of our best model on 5-minute windows

0.938N/A0.872Fine-tuning the personalized model

0.877N/A0.951Cross-validation of our model on the original mealtimes (discovery cohort)

0.858N/A0.951Cross-validation of our model on the original mealtimes, including the
predictions of retrospective meals (discovery cohort)

0.870N/A0.941Predictions of our model on the original mealtimes (validation cohort)

0.846N/A0.920Predictions of our model on the original mealtimes, including the predic-
tions of retrospective meals (validation cohort)

N/AN/A0.889Accuracy of detecting the eating in 10 minutes

N/AN/A0.172False positive detections per hour

aN/A: not applicable.

Discussion

Principal Findings
In this study, we presented a large, in-the-field, digital eating
detection study of eating activity. Deep learning algorithms
experimented with a diverse array of augmentation,
preprocessing, and architectures allowed us to narrow down the
algorithm into one with a performance of AUC of 0.825 to infer
previously unseen individuals for a single 5-minute window.
When evaluated on the entire meal regions, this AUC was 0.951.
We further validated the algorithm in an independently
time-lapsed cohort collected in a different season (6 months
later, winter) and achieved a meal-level performance of 0.941
AUC without further tuning. This design can potentially result
in models that are more or at least similarly generalizable than
data collected consecutively in the same season. This represents
the first study that harbors a validation cohort in this field.

Compared with other studies that focus on population-wise
models [9,13,24-26], the longitudinal weeks of follow-ups of
the data set presented in this study allowed us to further explore
the possibility of personalized models for detecting eating
activity. It is widely recognized that eating motions differ
substantially in a population by gender, culture, and certainly
individual habits. This fine-tuning scheme produced an average
AUC at 0.872, corresponding to a 0.89 success rate in calling
back an eating event within 10 minutes. This substantial
improvement in performance points to the direction toward
personalized eating monitoring in the dietary research field.

Records of the local time, as well as the utensils used for each
meal, also allow us to glean insight into their influences on our
model (Multimedia Appendix 2, Figure S4). We found that food
taken with hands had relatively poor performance (AUC=0.812;
Multimedia Appendix 2, Figure S4B). In addition, we found
that false positive rates are relatively high between 6 AM to 7
AM and 9 PM, indicating potential morning and evening
activities mimicking eating movement (Multimedia Appendix
2, Figure S4C). Future studies incorporating different
characteristics of utensils as well as whole daily activity logs
might have the potential to further improve the performance.

Limitations
We acknowledge several potential limitations of this study.
First, we excluded smoking individuals, for whom the inference
task could become more complicated as the motion of smoking
shares a certain similarity with the motion of eating. Second,
we only included healthy individuals, which may not be
representative of the population of movement disorders such
as ataxia and Parkinson disease. In addition, we did not collect
the data for the nondominant hand. The weaker and noisy signals
may significantly affect our model built on dominant hand data.
Potentially, combined with additional devices such as ear- and
chest-anchored devices and video (Multimedia Appendix 2,
Table S15 [27-31]), in future works, we will be able to combat
such limitations. We used a total of 34 individuals in the study.
Although we observed strong predictions across individuals,
larger collections focusing on more individuals but less
longitudinal follow-up might further complement the
information provided in this study. Furthermore, we used 50
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Hz data in this study for optimizing battery performance in
collecting data. It is yet to be evaluated how higher Hz data
contribute to performance with the development of the devices.

Future Works and Conclusions
This study and the API developed here open several future
directions that are worth exploration. For example, how do
digital indicators differ for populations coming from different
cultural backgrounds? Does handedness affect model
construction and performance? And how much will the model

be affected if one wears the device on his or her nondominant
hand? Answering these questions will need large-scale studies
with a large number of participants, and the API and data
streaming platform developed in this study will become a
convenient tool for this purpose. The accuracy of the models
developed in this study satisfies immediate deployment needs
in clinical settings to monitor eating behavior and give guidance
to treatment regimen adjustment accordingly. We envision the
digital streaming platform will be widely integrated into a
variety of clinical trials in the near future.
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Abstract

Background: Sleep influences moods and mood disorders. Existing methods for tracking the quality of people’s sleep are
laborious and obtrusive. If a method were available that would allow effortless and unobtrusive tracking of sleep quality, it would
mark a significant step toward obtaining sleep data for research and clinical applications.

Objective: Our goal was to evaluate the potential of mobile sensing data to obtain information about a person’s sleep quality.
For this purpose, we investigated to what extent various automatically gathered mobile sensing features are capable of predicting
(1) subjective sleep quality (SSQ), (2) negative affect (NA), and (3) depression; these variables are associated with objective
sleep quality. Through a multiverse analysis, we examined how the predictive quality varied as a function of the selected sensor,
the extracted feature, various preprocessing options, and the statistical prediction model.

Methods: We used data from a 2-week trial where we collected mobile sensing and experience sampling data from an initial
sample of 60 participants. After data cleaning and removing participants with poor compliance, we retained 50 participants.
Mobile sensing data involved the accelerometer, charging status, light sensor, physical activity, screen activity, and Wi-Fi status.
Instructions were given to participants to keep their smartphone charged and connected to Wi-Fi at night. We constructed 1 model
for every combination of multiverse parameters to evaluate their effects on each of the outcome variables. We evaluated the
statistical models by applying them to training, validation, and test sets to prevent overfitting.

Results: Most models (on either of the outcome variables) were not informative on the validation set (ie, predicted R2≤0).

However, our best models achieved R2 values of 0.658, 0.779, and 0.074 for SSQ, NA, and depression, respectively on the training

set and R2 values of 0.348, 0.103, and 0.025, respectively on the test set.

Conclusions: The approach demonstrated in this paper has shown that different choices (eg, preprocessing choices, various
statistical models, different features) lead to vastly different results that are bad and relatively good as well. Nevertheless, there
were some promising results, particularly for SSQ, which warrant further research on this topic.

(J Med Internet Res 2022;24(3):e25643)   doi:10.2196/25643
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mobile sensing; sleep; subjective sleep quality; negative affect; depression; multiverse; multilevel modeling; machine learning;
mood; mood disorder; mobile sensors; sleep quality; clinical applications
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Introduction

Background
Sleep is important for well-being and plays a key role in people’s
mood and their risk for mental health problems such as
depression. Therefore, obtaining a reliable picture of people’s
sleep quality critical for the study, prevention, and treatment of
mood disorders. However, most of the existing methods are
based on obtrusive techniques, either asking participants to wear
dedicated technological devices (in the laboratory or otherwise)
or to self-report their sleep patterns in a sleep diary. Therefore,
both methods are burdensome for individuals and are not
appropriate for long-term monitoring. If a method that is capable
of unobtrusively tracking a person’s sleep quality is developed,
it would mean an important leap forward. One potential solution
is the use of smartphones that have become ubiquitous in today’s
society. Approximately 76% of adults in countries with
advanced economies have a smartphone [1], a device equipped
with several sensors that automatically record user behaviors,
some of which may be considered sleep-related ones. This study
aims to examine to what extent automatically recorded
information with smartphones—known as mobile sensing—can
be used to predict self-reported subjective sleep quality (SSQ),
mood, and the risk of mood disorders in the form of depression.

Sleep quality can be measured either in terms of subjective,
self-reported sleep quality or can be captured with objective
measurements such as polysomnography (PSG) and more
recently actigraphy. Subjective and objective sleep quality are
only weakly related [2-4] because they measure different aspects
of sleep quality, namely physical sleep quality (objective) or a
person’s perception of sleep quality (subjective). However, they
are both predictive of moods [5-7] and mood disorders [8-10].
Given the obtrusiveness of objective measurement methods and
their adversity to use over long periods, we focus on predicting
SSQ. Therefore, the primary outcome of this study is to measure
SSQ with mobile sensing. As a secondary outcome, given the
relevance of sleep quality for moods and mood disorders, we
will examine to what extent mobile sensing is capable of
predicting moods in terms of the daily negative affect (NA) and
risk for mood disorders in terms of depression symptom severity.
Thus, the underlying mechanism (and the underlying data on
which this mechanism relies) is the relation between sleep and
mental health.

Related Work
In most studies, an accelerometer is used to detect smartphone
movements that are seen as synonymous with participant
movements in bed [11-14]. Such movement detection is also
used in commercial sleeping apps, such as Sleep as Android
[15], Sleep Cycle [16], and Apple’s native health app.
Accelerometers can be used for movement detection with and
without instructions to the participants. For example, researchers
can instruct participants to place their smartphone next to or
under their pillows. However, for the sake of ecological validity,
this is usually not recommended. Another seemingly
straightforward feature indicating sleep is whether the
smartphone is being used (ie, screen on/off events) [14,17].
These screen events have proved useful for detecting circadian

rhythms and people’s temporal sleep preferences [18]. A more
contextual feature comes from the light sensor; ambient light
indicates whether a room is dark and thereby helps determine
whether a participant is sleeping [12,19,20]. Similarly, a
microphone can pick up ambient sound, thereby confirming
whether a participant is in a quiet environment [11,14,20].

Early efforts were made, for example, using location (GPS),
contextual (sound and light), physical activity (accelerometer),
and communication data (text and call logs) to infer SSQ
measured with the Pittsburgh Sleep Quality Index [21], divided
into 4 categories [22]. Using these features in a factor graph
model, an accuracy of 78% was achieved. Other pioneering
research on mobile sensing and sleep was conducted by
comparing the quality of a smartphone accelerometer with an
actigraph accelerometer for sleep monitoring [23]. Both devices
showed reasonable agreement with all features except sleep
onset latency. However, on a more critical note, 1 study [24]
found no significant correlation between sleep measured by
PSG and a smartphone app, although the mobile app did have
high sleep-wake detection performance (85.9%) in relation to
PSG. Thus, although mobile sensing for sleep detection has
attained modest success, it is unclear how robust these methods
are to changes in features and how well they describe sleep in
comparison to PSG.

Despite PSG being considered the gold standard for sleep
research, it is being recently rivaled by numerous wearable
devices that feature an integrated accelerometer (among other
sensors). Moreover, a mobile app was developed that achieved
better user experience and lower perceived intrusiveness than
wearables [11]. Using light, phone usage (including screen
state), physical activity, and sound features in a completely
“hands-off” approach, the app had an estimated sleep duration
error of approximately 42 minutes, a slightly worse result than
the other sleep detection methods, with 23 minutes when the
smartphone is on the bed and 10 minutes for wearables.
Subsequently, an app called StudentLife was developed with
which a significant negative correlation among sleep, depression,
and stress was found [19]. By using the same features as those
in an earlier study [11], 95% of bedtimes were predicted with
an error of 25 minutes from the ground truth as measured with
an actigraph (Jawbone UP). Bringing the sensing accuracy of
smartphones on par with that of wearables is significant because
wearables are still not pervasive, thus making smartphones the
least obtrusive solution for now.

A more indirect way of assessing sleep is by dividing a night
into small epochs and predicting whether a participant is asleep
or awake through self-reported bed and wake-up times or
actigraphy. Of course, these sleep-wake states can then be used
to derive other features that may subsequently be used for
predicting sleep proxy measures. For example, 10-minute
segments of sleep-wake states were predicted with 93%
accuracy, but daily sleep quality was predicted with 84%
accuracy [12]. Similarly, 15-minute bins were predicted with
89% accuracy using only screen on/off events [25]. Furthermore,
88.8% accuracy was reported when determining whether a
10-minute segment was a sleep state, whereas using the time
of day alone achieved 86.9% accuracy [26]. Moreover, the
accuracy per participant ranged from 65.1% to 97.3% although
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lower accuracies could mostly be attributed to missing data
reports and misreports. After adjustments, the accuracy was
increased to 91.8%, corresponding to a median absolute
deviation (MAD) of 38 minutes for the sleep start time and 36
minutes for the sleep end time.

This Study
We analyzed data from a 2-week study involving various
smartphone sensors and the experience sampling method (ESM,
also known as ecological momentary assessment) to collect
SSQ in the morning and daily moods in terms of NA, as well
as a 1-time assessment of person-level depression using a
validated depression screening instrument. As mentioned above,
several theoretically and empirically based predictions can be
made regarding what sensors are the most significant for
predicting SSQ and the associated variables of daily moods and
depressive symptom severity. In addition, there are multiple
ways to process the data based on different thresholds and data
combinations, and there are different options to model the
relationship between mobile sensing and the predicted variables.
To examine this variability, we perform a multiverse analysis
[27] in which we compare prediction results across multiple
sensors, extracted features, thresholds, outlier methods, and
prediction models. In other words, essentially all sensible
combinations of these aspects, choices referred to as multiverse
parameters, are evaluated in terms of how they are capable of
predicting the outcome measures. Using this approach, this
study not only aims to predict sleep with mobile sensing but
also to investigate (1) which model, (2) which feature, and (3)
which sensor works best within the context of the study.
Consequently, this method is an analysis of robustness and
transparency because it shows how different choices affect the
outcome.

Methods

Overview of Data Preprocessing
As already mentioned earlier, we focused on the many
seemingly arbitrary choices to be made during data
preprocessing. Consequently, we performed a multiverse study
showing the robustness of these choices. Following this
approach, this section describes each aspect of the multiverse
approach separately. First, various preprocessing steps were
conducted for minimizing the number of participants with faulty
data, namely removing participants with fewer than 10 data
points for a sensor, sensors where all values were 0 (broken
sensor), and 1 participant who had 40,000 times more data points
than the participant with the second highest number of data
points. In this regard, we present preprocessing of the different
sensors in this study and describe when they are considered to
indicate that a participant is sleeping, often having more than
1 threshold. Next, we discuss how features were built. These
features are used in various statistical models. In the context of
a multiverse approach, we experimented with several models
to see which one worked best. Finally, we tried different outlier

removal methods to catch faulty data entry and unlikely data
instances.

Data Collection
Data were collected during a 2-week study in 2018 [28].
Participants installed 2 separate apps on their smartphones, 1
for collecting sensor data and 1 for tracking their moods and
SSQ using ESM. Mobile sensing data were gathered from
specific (software) sensors to account for behavioral and
contextual factors. These sensors are described in Table 1.
Participants were instructed to charge their smartphones at night
and connect to Wi-Fi whenever possible. On the other hand,
data on the participants’ SSQ and NA were collected using
ESM, where they were prompted 10 times per day with a
16-item questionnaire measuring, among other parameters, their
momentary (positive or negative) affect and how they slept if
it was their first survey of the day. Depression levels were
recorded only after the study using the Depression, Anxiety and
Stress Scale questionnaire [29,30]. Katholieke Universiteit 
Leuven’s Social and Societal Ethics Committee, whose
directives are based on the Helsinki Declaration, approved the
study (reference no. G-2018 01 1095). Written electronic
consent from all subjects included in this study was obtained.

In total, 230 people responded to the participant selection
questionnaire posted on social networking sites and other places
frequented by students at the University of Leuven. Participants
were excluded if they (1) did not understand Dutch, (2) did not
have sufficient activity on their devices, (3) did not own an
Android smartphone (except Huawei, Wiko, Medion, or
Xiaomi), and (4) did not grow up with smartphones (ie, below
32 years of age). Among the 114 individuals who participated
in an information session, 69 decided to join; 2 refused to sign
the informed consent, and app installation failed for another 2
individuals. After excluding 5 participants who completed fewer
than 30 ESM surveys, 60 participants remained. Furthermore,
all data were preprocessed such that participants with fewer
than 10 observations in total or only 0s (indicating a broken
sensor) were left out. Single observations were left out if they
were far away in time from any other observations (ie, if there
was a gap in time in the data) using boxplot outliers. Next,
values for each sensor were visually inspected to exclude
participants who had very poor data quality. Participants were
only retained if they had sufficient data for all sensors (ie, more
than 10 observations), resulting in a final data set of 50
participants. Because participants were mainly university
students and advertising was mainly done on social media and
the campus of the faculty of psychology, the majority of the
sample was young and female (14 male and 36 female aged
17-32 years, mean 21.90, SD 2.38 years).

Sensor Data Preprocessing
In this study, we used the following sensors: accelerometer,
charging status, light sensor, Android activity recognition
(AAR), screen activity, and Wi-Fi status. Table 1 gives an
overview of the sensors and how their data were handled to
obtain information on participants’ sleep quality.
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Table 1. Description of sensors used in this studya.

Indication of sleeping when...ConsiderationsDescriptionSensor

Absolute value is less than (0.25, 0.5,

1) m/s2.

Other axes (y and z) not measured ow-
ing to programming error

Acceleration in m/s2 along the x-axisAccelerometer

Battery is charging.Momentary sleep interruptions are un-
likely to be picked up by this sensor.

Indication of whether the smartphone is
charging

As participants were instructed to leave their
smartphone charging at night, a charging
smartphone can mean that the participant is
sleeping.

Charging

Value is less than

(8, 12, 16) lux.

Room with translucent curtains may
simulate a wake-up state.

Smartphone may be upside down.

Illuminance in luxb captured by the light
sensor (usually at the front-top side of the
smartphone)

Light

AAR returns “Still.”Proprietary algorithm obfuscates how
AAR is transformed into discrete activ-
ities.

Category of physical activity as measured

by AARc (ActivityRecognitionApi app)

Physical activity

Screen is off.Duplicate entries (screen off multiple
times without screen on) are frequent.

There is no distinction regarding
whether the app turned the screen on
(eg, notifications) or the participants.

Logs whether the screen has been changed
to on or off.

Screen activity

Connected to Wi-Fi.Unlikely to pick up temporary wake-
up states

Information about whether the smartphone
is connected to Wi-Fi

Wi-Fi

a The considerations column discusses issues that are (likely) associated with the sensors or their implementation. The sleeping when... column indicates
when a sensor decides that a participant is sleeping in a window. Multiple values in parentheses indicate that the same data have been used but with a
different cutoff value.
blux is the SI unit for intensity.
cAAR: Android activity recognition.

One of the core elements in this multiverse study is inspecting
each sensor and applying suitable preprocessing. The
accelerometer was thought to be highly indicative of the sleep
state [14,20]. However, as this sensor was sampled only every
2.9 minutes on average (SD 6.72 minutes with the longest
interval being 15 minutes), only movement at that specific
moment leads to the detection of a nonsleeping state. Additional
problems with this sensor were that owing to a programming
error, only the x-axis data were collected and the sensor in the
participants’ smartphones was uncalibrated. The latter issue led
to some accelerometers not showing 0 acceleration at their
lowest point. To offset this, accelerometer values were centered
per participant, and the absolute values were calculated
subsequently, such that a corresponding sleep or wake state
could be derived from the threshold values specified in Table
1. As the accelerometers were not calibrated beforehand, we
attempted to align them by centering. Moreover, for every
acceleration, there must be an opposite deceleration. Physical
activity is the product of on-the-fly processing by Google’s
AAR [31]. In brief, AAR runs an algorithm that combines
multiple sensors to form discrete activities. In this research,
only the activity “Still” was used because this indicates that the
smartphone is not moving (whereas the other activities indicate
some type of movement).

The screen state software sensor was preprocessed in such a
way that interactions of less than 12 seconds were ignored. This
is necessary because some of the smartphone screens light up
whenever there is a new notification and thus pollute the actual

stream of the screen state. On the other hand, if people use their
smartphone in the middle of the night for, say, checking the
time, this will most likely also be thrown out. For the charging,
light, and Wi-Fi sensors, no further preprocessing was applied.

After cleaning the data, the participant’s nights were divided
into windows of 5 minutes. To avoid a high number of false
positives, only data from 10 PM to 10 AM on the next day were
considered. For each window and sensor, a majority vote
determined whether a participant was sleeping. For example, if
the app sensed that the smartphone was charging twice and that
it was not charging once (within the same window), a majority
vote set the window to sleeping. If there were no data in the
window, the last observations (ie, of the previous window) were
carried forward.

Feature Creation
Several features were extracted from the data that were deemed
indicative of sleep quality. Figure 1 displays a visual example
of all the features explained in this section. The basic building
blocks for most features are the BedTime and WakeUpTime
features that are found by examining 3 to 5 adjacent windows
where a participant is sleeping (BedTime) or not sleeping
(WakeUpTime) according to a sensor. Concretely, for the first
3 to 5 adjacent windows where a participant is sleeping, the
first window of that sequence is the BedTime window. The
opposite is true for WakeUpTime, namely the first window of
the first 3 to 5 adjacent windows where a participant is not
sleeping.
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Figure 1. A fictional example of the features used in this study. This figure only depicts the first and last hours of the windows for illustration purposes,
where the … obscures the rest of the night. Gray bars indicate sleep states, and white ones indicate nonsleeping states. The night starts at 10:20 PM (ie,
before the first sleeping window) because BedTime requires 3 to 5 adjacent windows (4 windows in this example). Similarly, WakeUpTime starts at
9:20 AM because this denotes the start of 3 to 5 adjacent windows, depending on the chosen parameters. Notice how SleepTime is the time between
BedTime and WakeUpTime, whereas TotalSleep is simply the sum of all the sleeping windows. Finally, the number of interruptions is given as the
number of nonsleeping sequences minus the number of sleeping sequences; the interruptions duration feature includes all the nonsleeping windows
within SleepTime.

From the initial features of BedTime and WakeUpTime, several
others could be calculated as well. First, SleepTime was
calculated as the time between BedTime and WakeUpTime.
Second, sleep quality may be impacted when a participant sleeps
unusually longer or shorter than usual. To capture this, we
computed the deviation from each participant’s average
BedTime and WakeUpTime (in hours) for each night
(abbreviated as devAvgBedTime and devAvgWakeUpTime,
respectively). Hours have been recentred such that 10
PM=0,11=1...,10=12. Third, the number and duration of nightly
interruptions (abbreviated as nInterruptions and
InterruptionsDuration, respectively) are calculated as follows:
Every pattern of neighboring wake-up minus the sleeping
windows counts as one interruption, and the total number of
nonsleeping windows forms the total duration (multiplied by
the window size of 5 minutes). Both features are only calculated
within the interval of BedTime – WakeUpTime, also known as
the SleepTime.

As we did not know the validity of BedTime and
WakeUpTime—based on which all features discussed so
far—we added a feature called TotalSleep that is simply the
number of sleeping windows at night (10 PM-10 AM) multiplied
by the window size (ie, 5 minutes). Another feature not based
on sleep or wake-up times but can be useful is the physical
activity of the previous day, as measured by AAR. Concretely,
UserActive is the sum of the time spent walking or cycling
during the previous day.

Modeling Approach
As the purpose of this research was to predict SSQ, which
cannot be measured directly, we used proxy measures to validate
our approach. In particular, we trained models to predict the
SSQ reported each morning, average NA of the next day, and
the participants’general level of depressive symptoms. All these

variables are on a scale of 0 to 100. The input features used
were those described in the previous section (ie, SleepTime,
devAvgBedTime, devAvgWakeUpTime, nInterruptions,
InterruptionsDuration, UserActive, and TotalSleep). For better
understanding the effect of independent variables on dependent
variables, only 1 input feature (eg, SleepTime) per dependent
variable was used. Therefore, 21 combinations of independent
and dependent variables had to be tested. We also attempted
using several models to see which one worked best. We applied
multilevel models (MLMs) [32], k-nearest neighbors (kNN)
[33], support vector machines (SVMs) with a radial kernel [34],
extreme gradient boosting (XGB) [35], and generalized additive
models (GAMs) with smoothing splines [36]. For predicting
depression, linear models (LMs) were used instead of MLMs
because these data do not have a nested structure (ie, every
participant has only 1 data instance). All these models were
trained and tuned using the caret package in the R statistical
software package [37]. Because there were several missing sleep
values (see the Results section), we decided to apply only
generalized and not personalized models because these would
be left with too few observations.

Outlier Analysis
Because of the noisy nature of this type of data, outlier analysis
may be needed to remove unlikely observations. Several
strategies are available to detect outliers, including a strategy
where no outliers are removed. A simplistic method for doing
this is by subtracting a multiple of the SD from the median.
First, the median was chosen because some variable distributions
may be significantly skewed, and secondly, we chose to multiply
the SD by 3 because we only wanted to throw out those
observations that were truly outliers. A slightly adjusted version
of this method is one that does not use the SD but uses the MAD
because this is often a more robust measure of dispersion.
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Finally, a multivariate outlier method was also applied, namely
isolation forests that work by building a decision tree to isolate
anomalies [38,39]. Outlier observational strategies were also
parameters evaluated in this multiverse analysis and are given
in Table 2.

Multiverse
As mentioned earlier, an important aim of this study is to
evaluate the effect of several data preprocessing, sensor, and
modeling choices on the prediction of sleep quality, mood, and
depression via a multiverse study. Table 2 gives an overview
of all the multiverse variables.

Table 2. Multiverse parameters and values considered in this studya.

Number of values (N)Parameter

10Sensors

Sensor thresholds for sensors listed in Table 1

7Features

devAvgBedTime

devAvgWakeUpTime

InterruptionsDuration

nInterruptions

SleepTime

TotalSleep

UserActive

3Outcome variables

Subjective sleep quality

Negative affect

Depression

5Models

Generalized additive models with smoothing splines

k-nearest neighbors

Mixed effects models

Support vector machines

Extreme gradient boosting

4Outlier removal

None

median(x) ± 3σx per participant

median(x) ± 3 × madb(x) per participant

Isolation forests; Liu et al [38]; Cortes [39]

3Feature thresholds

3 to 5 adjacent windows

12,600Total number of combinations

aFor each parameter, N indicates how many values are there so that the total number of combinations is the product of N.
bmad: median absolute deviation.

Because there are 12,600 combinations in this multiverse setup,
overfitting plays an even larger role than usual; that is, simply
splitting the data set into a training and test set would lead us
to choose the model that overfits the training and test sets the
most. Therefore, our workflow to minimize overfitting followed
a hold-out set approach given below [40]:

1. Split the data into training, validation, and test sets.
2. Train all models on the training set.

3. Validate these models on the validation set based on R2.
4. For each outcome variable, choose models (maximum of

5) within 1 SE from the best model (known as the 1-SE
rule) [41,42].

5. Test these best models on the test set using R2.

In this procedure, the training set contains the data of the first
week whereas the validation and test sets contain data of days
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1 to 4 and days 5 to 7 of the second week, respectively.
Alternatively, as we used only 1 data instance per participant
when predicting depression, the data set was split such that 60%,
20%, and 20% of the participant data used for the training,
validation, and test sets, respectively, were stratified by gender.
By doing this, we extracted only the best models based on the
validation set and then used them on the test set to confirm if
they overfitted the test set. Results were measured by their

predicted R2 [43], a performance metric that is calculated as
follows:

where n represents the number of data points, Y is the vector of
the observed values, and is the vector of the predicted values.

In essence, this representation of R2 is a scaled version of the
commonly used mean squared error when applying machine
learning models or cross-validation.

Results

Missing Data
An important consideration in this type of data is missingness.
There are multiple reasons for this. First, participants were

prompted with only 14 beeps asking about SSQ in total, so
missing 1 beep could have led to the loss of valuable data.
Second, preprocessing and outlier removal techniques are
responsible for deleting even more data. This coincides with a
third major reason for missing data; the wake-up time was often
not found for several sensors. This is especially true for the light
sensor possibly because it could not detect enough instances
where the illuminance was higher than the threshold because
the threshold was too high, the phone was upside down, or the
phone disappeared inside the participant’s pocket quickly after
waking up; there could be other reasons as well. In our analyses,
missing data were not imputed but considered as missing at
random.

Descriptive Statistics
To obtain a better understanding of what the features encompass,
Figure 2 presents boxplots for each feature per sensor. The
displayed variation can be interpreted as how the values of the
features change based on what settings (excluding the prediction
model choices) are chosen for the multiverse parameters.
Therefore, this variability is not related to the variability of
features over participants; it purely highlights the robustness of
the features with regard to the multiverse choices.
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Figure 2. Boxplots showing how different settings in this multiverse study (for parameters see Table 2) affect each feature per sensor. The smaller the
range of the boxplot, the more robust a feature is to multiverse choices. The feature for physical activity performed the previous day (UserActive) is
not shown because this value does not vary with any multiverse parameter except in outlier analysis. Observe that the x-axis shows hours except in the
case of nInterruptions, which shows a count. Moreover, avgBedTime and avgWakeUpTime are influenced by the criterion for defining a night, namely
from 10 PM to 10 AM.

In general, the values within the features in Figure 2 vary
considerably, depending on the sensors and other multiverse
parameters. There are many outliers that can either represent
true patterns or that occur because of data anomalies. Because
of the explorative nature of this study and the many
combinations we attempted, we assumed the actual patterns to
be restricted to the boxes and whiskers, with outliers
representing rare behavior or, more likely, data errors. We will
now describe some of the key observations and patterns
regarding specific features.

First, notice that devAvgBedTime and devAvgWakeUpTime
are skewed toward 0. This occurs because these features are the
deviations from the mean bedtime or wake-up time. Deviations
for bedtime are usually not too high, but for the wake-up time,
they seem more problematic. For bedtime, the range for some
sensors is very small and skewed toward 0 (ie, at 10 PM),
indicating that on average, participants went to bed as soon as
the night started or possibly even earlier, no matter what values
the multiverse parameters have. On the other hand, the spread
for wake-up time is rather large, indicating that changing

multiverse parameters substantially impacts this feature. A
second observation is that SleepTime appears to be more stable
than TotalSleep, although this is not true for every sensor (eg,
screen state).

One of the aims of conducting this multiverse experiment was
to consider different thresholds for the light sensor and
accelerometer. The light sensor provides consistent results for
most features (ie, less spread), but this is mostly because almost
all participants’ bedtime is immediately at 10 PM. In other
words, the highest variability appears to stem from a fluctuating
wake-up time. For the accelerometer, a lower threshold
corresponds to a later bedtime, a later wake-up time, and longer
nightly interruptions. Furthermore, SleepTime is similar between
different light and accelerometer thresholds, whereas TotalSleep
is vastly different for the accelerometer but not for light.

Correlations
To better understand how different features relate to each other,
Figure 3 shows significant correlations between features,
between outcome variables, and between features and outcome
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variables. Correlations were extracted from mixed effects
models as the coefficients of fixed effects using standardized
inputs. The P values were calculated using analysis of variance.
All correlations have been corrected for multiple tests [44].
Figure 3 shows that significant correlations between variables
are scarce; for instance, UserActive is not related to any other

variable and the outcome variables NA and SSQ are also
sparingly related to other variables. In fact, NA is only related
to SSQ and the number of interruptions (nInterruptions) whereas
SSQ is also only related to NA, nInterruptions, and the deviation
from the average wake-up time (devAvgWakeUpTime).

Figure 3. Distribution of significant correlations between variables on the y-axis and in the facets. Note that in contrast to Figure 2, this plot does not
show AvgBedTime and AvgWakeUpTime because there is only a single value per participant. SSQ and NA (highlighted in red) are outcome variables
denoting the subjective sleep quality and negative affect, respectively. The variance in the boxplots represents how the correlation changes with different
values for the multiverse parameters (including different sensors). Without the boxplot, there was no significant correlation. This plot is symmetrical,
meaning that every relationship is also shown oppositely. Note that when the boxplot is reduced to a single bar, this likely means there is only a single
value (or less likely that there are multiple values very close together).

For depression, correlations were not extracted from an MLM
(and hence not shown in Figure 3) but rather as Pearson
correlations because there is only a single observation per
participant. For all variables, the mean was used to generate
correlations with depression scores, and multiple testing
correction was subsequently applied [44]. There was 1
significant negative correlation with depression and the feature

SleepTime (r=−0.46) using the accelerometer (1 m/s2), and 7
negative correlations with the outcome variable SSQ (r =−0.46

to −0.51) (0.25 to 1 m/s2). Furthermore, there was 1 significant
positive correlation between depression and NA (r=0.51) using
AAR.

Evaluation
As described previously, the data set was divided into training,
validation, and test sets. To gain a better understanding of how
each sensor and sleep feature relates to the output variables, we
trained separate models for each feature, sensor, and model
combination. By doing so, we could inspect their performance

(measured in terms of R2) on the validation set in relation to the
other multiverse parameters. After doing so, we selected the
best (maximum 5) models within 1 SE from the best model (ie,

the model with the highest R2 on the validation set) and tested
them on the test set to draw definitive conclusions.
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First, we present the results of our predictions of SSQ on the
validation set in Figure 4, where we can see the predictive
performance of different models and the impact of selecting a
specific sensor varying with other multiverse parameters (as
specified in Table 2). In this plot, it is clear that the MLMs
perform the best and the XGB models perform the worst in

terms of the predicted R2 on the validation set. Moreover, the

GAMs and SVMs perform similarly, having an R2 of
approximately 0 with extreme values on either side. The kNN

models show a slightly poorer performance, usually with an R2

below 0. In terms of more general patterns, we can see that the
models have generally overfitted the data; that is, the models

have achieved a higher R2 on the training set than on the
validation set. However, the boxes and whiskers of the boxplots
represent only the majority of the results, and even a single

outlier may represent a model that does not overfit and performs
well. After all, the best models that we selected to be tested on
the test set are probably “outliers” in these figures. As far as
sensors are concerned, the charging sensor seems to perform
slightly better, at least when using MLMs or XGB models but
not for others. The other sensors appear to be approximately
equivalent in performance. As observed in Multimedia Appendix
1, we replaced the sensors on the y-axis with features so that
we could obtain an idea of how different features affect the
outcome. As these boxplots are also separated based on the

models used, they have approximately the same R2 distribution,
as shown in Figure 4. The performances of features are relatively
similar. One might argue that nInterruptions generally performs
slightly better in combination with XGB models and MLMs,
but this effect is small.

Figure 4. "R2" distribution for predicting subjective sleep quality. The spread of the boxplots represents how the "R2" of predictions of subjective
sleep quality change with varying multiverse parameters, namely different sensors, features, models, number of adjacent windows, and outlier methods.
GAM: generalized additive model; kNN: k-nearest neighbors; MLM: multilevel model; SVM: support vector machine; XGB: extreme gradient boosting.

Second, the predictive performance regarding NA on the
validation set is represented visually in Figure 5. Again, for
most models, the MLMs appear to perform best as they show

the highest R2 on the validation set. Nevertheless, as indicated

by the high discrepancy in R2 values between the training and
validation set, models are once again overfitting. Similar to that

observed in the prediction of SSQ, the XGB models perform
the worst followed by the kNN models, and finally GAMs and

SVMs, showing a predictive R2 value of approximately 0. A
notable difference among these models is that there is little
variation among the MLMs, GAMs, and SVMs, meaning that
multiverse parameter choices have less impact than that
observed for the kNN and XGB models.
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Figure 5. "R2" distribution for predicting negative affect. The spread of the boxplots represents how the "R2" of predictions of negative affect change
with varying multiverse parameters, namely different sensors, features, models, number of adjacent windows, and outlier methods. GAM: generalized
additive model; kNN: k-nearest neighbors; MLM: multilevel model; SVM: support vector machine; XGB: extreme gradient boosting.

When predicting NA, choosing a specific sensor does not seem
to matter, except for screen activity and Wi-Fi because these
performed much worse. Indeed, all MLMs using the Wi-Fi
sensor were found to be inoperable, indicating a serious problem
with these models (eg, not enough data, no convergence).
Compared to the rest of the sensors, screen activity and Wi-Fi
also performed much worse when using XGB models. When
finding the best performing feature, Multimedia Appendix 2
shows a trend similar to that of the sensors, meaning that there
is no single feature that is better than all the rest.

Finally, Figure 6 shows the performance distribution when
predicting depression in relation to other multiverse parameters.

Contrary to SSQ and NA, the model performance spread in

terms of R2 for depression is much greater, implying that the
selection of the multiverse parameters influences model
performance. There are considerable differences among sensors
too. For example, charging and AAR appear to perform better
across all models than the other sensors; that is, because their
spread is smaller, models using the charging or AAR sensor are

likely to perform better. On the other hand, the 1 m/s2

accelerometer has a much larger spread and a lower mean R2

than the other sensors.
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Figure 6. "R2" distribution for predicting depression. The spread of the boxplots represents how "R2" values when predicting depression change with
varying multiverse parameters, namely different sensors, features, models, number of adjacent windows, and outlier methods. GAM: generalized additive
model; kNN: k-nearest neighbors; MLM: multilevel model; SVM: support vector machine; XGB: extreme gradient boosting.

Multimedia Appendix 3 presents similar findings about the
features when predicting depression. That is, the predictions
are much worse than those for other outcome variables. The
nInterruptions feature appears to perform slightly better than
the others although this applies only to the spread, implying
that with this feature, models perform better on average but that
there may be models from other features performing much
better.

Although it is important to describe how different sensors and
features impact the outcome variables on average, our ultimate
objective is to find how we can best predict the outcome
variables from the available data. To this end, Figure 7 presents
the results of the best models per outcome variable.

Unsurprisingly, the sensors and features of these best models
are generally also the ones that performed the best on average
for those outcome variables. However, there is a remarkably

large gap between the R2 values on the test set and those on the
training and validation sets. For example, a kNN (k=7) model
for predicting SSQ using the screen state sensor, 5 adjacent
windows, isolation forests, and the feature devAvgWakeUpTime

achieved R2 values of 0.558 and 0.528 on the training and
validation sets, respectively. As this does not show much

overfitting, one would expect the test R2 to be similar. However,

the R2 on the test set is only −0.531, revealing the model to be
less than informative.
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Figure 7. "R2" distribution for predicting depression. The spread of the boxplots represents how "R2" values when predicting depression change with
varying multiverse parameters, namely different sensors, features, models, number of adjacent windows, and outlier methods. GAM: generalized additive
model; kNN: k-nearest neighbors; MAD: median absolute deviation; MLM: multilevel model; SVM: support vector machine; XGB: extreme gradient
boosting.

Figure 7 shows that SSQ can be predicted reasonably well;
MLMs using the charging sensor, 3 adjacent windows, and

isolation forests for detecting outliers achieved a test R2 of 0.303
to 0.348 with nInterruptions, devAvgWakeUpTime, or
SleepTime. All these features were positively related to SSQ,
having a slope of approximately 0.442–0.643 with a high 95%
CI –3.06 to 4.35. However, predicting NA proved to be more

challenging because we obtained a highest R2 of only 0.103 on
the test set, a value that is considerably lower than that obtained
on the training and validation sets. Nevertheless, it is worth
noting that all the best models for predicting NA are MLMs

using the accelerometer with a threshold of 1 m/s2. Of these
models, the ones using InterruptionsDuration and
devAvgBedTime were positively related to NA (slopes of
0.0449-0.279 and 0.427, respectively) whereas userActive was
negatively related (slope of 0.199-1.37). Finally, predicting
depression was the most difficult task because only 1 best model

yielded a barely informative result, namely the LM with an R2

of 0.025. The predictions for SSQ appear better because it is
more closely associated with objective sleep than the other
outcome variables, namely NA and depression.

Discussion

Principal Findings
Although various studies have used different methods and
sensors to successfully track sleep with mobile sensing
[14,25,26], it is not yet clear how these various approaches
impact the results. To this end, this study was designed to
provide a transparent and robust method for tracking sleep with
mobile sensing. By accounting for many choices in a multiverse
study design, we were able to separate and elucidate the various
effects of sensors, features, and models on sleep proxy measures,
thereby providing an important step forward for future
researchers. Principally—and in accordance with previous
research—we showed that it is possible to explain a reasonable
and an interesting proportion of the variance observed in SSQ
(or the related variable of daily negative mood) using mobile
sensing. Moreover, our multiverse analysis indicates which
combinations of multiverse parameters (shown in Table 2) can
do this best, at least in this sample. Although the results in this

study are slightly more pessimistic than those in other studies
concerning mobile sensing and sleep (ie, some studies showing
very high accuracies) [12,25,26], they cannot be compared
directly given that we applied a strict cross-validation plan.

From the outlined results, we can conclude that for predicting
SSQ, the charging sensor is overall the best performing and the
most robust sensor although this sensor has a significant
advantage because participants were instructed to leave their
smartphone charging at night. However, for predicting NA, we
found the accelerometer to be the best sensor despite its
previously noted limitations (ie, low sample rate and
measurements only along the x-axis). Based on previous
research [11,14], this finding suggests that the accelerometer is
a feasible option for sleep detection. Nevertheless, when
predicting person-level depression, we found that the results
varied considerably and were often less than informative. Even

the best performing sensor achieved an R2 of only 0.025 on the
test set, and hence we could not draw any conclusions from this.

Another aspect we accounted for in this study is using multiple
ways of constructing models (ie, we attempted multiple models
to see which one worked best). The results point out that MLMs
are clearly the best performing models for any outcome variable.
However, it should be noted that the analysis is between
participants whereas MLMs also use within-person information
(although large amounts of within-participant data were
missing). Likewise, LMs seem to be the primary choice for
predicting depression as well, suggesting that robustness must
be an important characteristic. Furthermore, GAMs and SVMs
showed reasonably similar performances but much worse than
that of MLMs. Finally, kNN and XGB models seemingly
performed the worst, with XGBs displaying excessive
overfitting.

Although not described in detail, Multimedia Appendix 1

presents the R2 distributions of the results split by feature. We
have already mentioned that no feature appears to be more
important than any other. Another inference supported by Figure
2 is that some features are more robust than others in this
multiverse analysis. Concretely, nInterruptions has less spread
than the other features, indicating that it is a relatively robust
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feature. This could be interesting for future studies in which
researchers have to manually select features.

Limitations
There are a number of limitations that should be considered
when interpreting the results of this study. The results of this
study are generally limited by the relatively small size of the
data set. This limitation poses a drawback because it makes the
models more prone to overfitting, although this risk was
mitigated by an elaborate hold-out set approach. Next, we list
3 distinct limitations that may have impacted the results.

First, we relied on self-reports from ESM as an estimate of
sleep. This, combined with the fact that participants did not
always answer the SSQ item in the morning, may have led to
odd or spotty patterns. Despite trying to minimize the impact
of this factor by predicting several outcome variables known
to be associated with sleep (ie, not only SSQ but also NA and
depression), we cannot be certain about the impact of this factor
on the research results.

The second limitation resulted from several sensor issues during
the trial. The most pressing issue is the low sample rate for the
accelerometer, charging, light, and Wi-Fi, averaging
approximately 1 measurement instance every 2.9 minutes.
Especially for the accelerometer, this is not enough data because
it only allows the sensors to record momentary changes instead
of tracking participants’contextual surrounds for longer periods,
as mentioned earlier. The accelerometer also did not collect the
y- and z-axes data, which further limits its use. Furthermore,
the way in which sensors collected data was directly influenced
by participants’ behavior in that they were instructed to keep
the smartphone charged at night and be connected to Wi-Fi.
This may mean the charging and Wi-Fi sensors are less
ecologically valid.

Finally, we assumed that a normal night of sleep is somewhere
between 10 PM and 10 AM the next day. Although this
assumption is probably true for most people, students may not
always follow a regular sleep schedule. Moreover, because some
sensors are prone to produce many false positives (eg, the light
sensor detecting the smartphone being in a participant’s pocket
as sleep), we felt it was necessary to reduce this at the cost of
cutting off a small portion of the participants’ sleep.

Contributions to Previous Work
Our work complements previous work described in various
ways. First and foremost, this study developed and implemented
a method to unravel the effects of distinct variables as well as
sensors and their thresholds for the prediction of SSQ, NA, and
depression. Such a method can guide future researchers
intending to conduct similar studies to further examine these
effects or help them choose which sensors to select for
estimating sleep. It also provides a tool for researchers when
they have to make choices based on the many different results
that exist when predicting sleep with mobile sensing, such as
the widely varying results in earlier studies [22-26]. Moreover,

it stresses the importance of making considerations and makes
researchers aware that such choices may have a significant
impact on their study, as suggested by the multiverse theory
[27] and previous studies [26]. In addition, this study can help
verify theories that link smartphone-recordable behaviors to
sleep and mood, such as the purported links among sleep,
depression, and stress [19].

Second, we showed that continuous SSQ and NA can be
reasonably predicted from sleep features whereas depression
cannot be predicted. Most studies reduce these features to a
discrete variable with only 1 or 2 categories [12,22], whereas
we took on the challenge to expand this to a continuous variable
between 0 and 100. Naturally, a continuously scaled variable
brings about more variation, but this variation can be
approximated.

Future Directions
When performing such an explorative study where it is not yet
clear how different variables relate to each other, it is important
to at least have enough data to work with. Future studies should
focus on obtaining a sufficiently large sample size to minimize
the necessity of a potential multiverse study or at least minimize
the risk of selecting a nonrepresentative sample. Additionally,
missing data posed a big challenge in this study because
participants did not respond to the first beep of the day.

Although this study has solely relied on SSQ and proxy
measures such as NA and depression, in future studies, it could
be useful to also collect self-reported bed- and wake-up times
to validate these features. After all, several other features were
based on these times; therefore, obtaining a better understanding
of their accuracy also helps in further improving these features.
Moreover, wearable devices are not as reliable as PSG, but they
are considerably less obtrusive and have already been adopted
by a sizable portion of the mainstream population to record
sleep. As such, they can be added in future studies to achieve
an additional high-quality estimate of sleep. Finally, if an
approach could be developed to use mobile sensing data to
estimate sleep (eg, through a multiverse approach), it should be
compared to PSG as a final measure of validation.

Conclusions
Sleep plays an important part in moods and mood disorders but
is difficult to track unobtrusively. Therefore, this study has
shown that it is feasible to track sleep with mobile sensing
although this depends strongly on which sensors, features, and
models are chosen. In fact, our approach demonstrated that most
combinations of multiverse parameters often form
noninformative models. This can be partly attributed to issues
with data collection and not having enough data for developing
personalized models, but further research is needed to validate
these problems. Moreover, SSQ predictions were better than
the other proxy measures (ie, NA and depression severity).
Nevertheless, the findings of this study are promising and
warrant further investigation into the use of mobile sensing for
tracking sleep.
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Multimedia Appendix 1
"R2" distribution for predicting subjective sleep quality. The spread of the boxplots represents how features change with varying
multiverse parameters, namely different sensors, number of adjacent windows, and outlier method.
[PNG File , 194 KB - jmir_v24i3e25643_app1.png ]

Multimedia Appendix 2
"R2" distribution for predicting negative affect. The spread of the boxplots represents how features change with varying multiverse
parameters, namely different sensors, number of adjacent windows, and outlier method.
[PNG File , 194 KB - jmir_v24i3e25643_app2.png ]

Multimedia Appendix 3
"R2" distribution for predicting depression. The spread of the boxplots represents how features change with varying multiverse
parameters, namely different sensors, number of adjacent windows, and outlier method.
[PNG File , 181 KB - jmir_v24i3e25643_app3.png ]
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Abstract

Background: Many prostate cancer (PC) survivors experience disease and treatment-related symptomatology in both the
physical and psychosocial domains. Although the benefits and barriers to using web-based resources for cancer patients are
well-documented, less research has focused on the personal characteristics important for efficient tailoring and targeting of
information that are associated with usage.

Objective: We used the Cognitive-Social Health Information Processing (C-SHIP) framework to guide our exploration of
personal characteristics associated with use of PROGRESS, an informational PC survivorship website that addresses physical,
emotional, interpersonal, and practical concerns relevant for PC survivors.

Methods: PC survivors (N=217) were randomized to the intervention arm (PROGRESS) of a randomized controlled trial. Of
those randomized to the intervention arm, 84 used PROGRESS, and 133 did not use PROGRESS. Multivariable analyses evaluated
demographic and psychosocial characteristics (eg, style of coping, health literacy, self-efficacy, affective states of depression,
anxiety, and fatigue) associated with website use.

Results: A larger proportion of non-Hispanic White (68/160, 42.5%), compared with non-Hispanic Black (9/40, 23%), participants
used PROGRESS (P<.001). Further, PROGRESS users were older in age (P<.001), had a monitoring style of coping (P=.01),
and were less depressed (P=.004), anxious (P=.02), and fatigued (P<.001) than nonusers. Education, income, health literacy,
blunting style of coping, self-efficacy, and treatment type (radiation therapy or surgery) were not significantly related to use. On
multivariable analyses, race (OR 0.28, P<.001), age (OR 1.05, P<.001), monitoring style of coping (OR 1.27, P=.02), and overall
mood (OR 0.98, P<.001) remained significant.

Conclusions: A combination of monitoring and low levels of negative affect were associated with website use. Additionally,
users were older, non-Hispanic White survivors. To ensure that important survivorship-relevant information reaches users, future
efforts need to focus on enhancing patient engagement.

Trial Registration: ClinicalTrials.gov NCT02224482; https://clinicaltrials.gov/ct2/show/NCT02224482

(J Med Internet Res 2022;24(3):e27890)   doi:10.2196/27890
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Introduction

Prostate cancer (PC) is the second most common cancer
diagnosed in men in the United States, with about 1 in 9 men
diagnosed during their lifetime. The American Cancer Society
estimates that, in 2021, there will be 248,530 new cases of PC
in the United States [1]. The 5-year relative survival rate for
localized PC is near 100% [1]. Consequently, the population of
PC survivors is growing, exhibiting specific disease and
treatment-related symptomatology in both the physical (eg,
urinary, bowel, or sexual dysfunction [2,3]) and psychosocial
(eg, high rates of distress, anxiety, reduced quality of life,
depression, adjustment difficulties, fear of cancer recurrence
[4-7]) domains. Further, studies have shown there is a significant
interpersonal impact of PC on patients’ relationships with their
spouses and loved ones, as they struggle with intimacy, sexual
confidence, sense of masculinity, familial cancer risk, and
communicating about their diagnosis, treatment, and symptoms
with friends [8,9].

The rapid development of modern technology has facilitated
the use of web-based resources for individuals dealing with
illness and treatment-related side effects, as is the case for PC
survivors. Web-based resources have been developed and
evaluated for many groups including breast cancer survivors
[10,11], patients with melanoma [12], and families with parental
cancer, as well as to educate nurses on reproductive issues in
cancer patients [13]. Existing web-based resources specifically
for patients with or survivors of PC include education or
decision aids, interventions to reduce distress after treatment,
and physical activity interventions [13-21].

Benefits to using web-based resources include ease of access
at the patient’s own schedule in a private place; ability to access
the intervention through multiple channels (ie, personal
computer, tablet, smartphone); augmented content through
interactive videos, graphics, and testimonials; tailored content
for treatment approaches or specific time points in the recovery
trajectory; access transcending geographical barriers; and
tracking patient recovery in real time [22-28]. Yet, there are
also unique barriers, including lack of internet access,
participants’ privacy concerns, and program costs associated
with developing and maintaining web-based resources [29-32].
In addition, studies have reported challenges engaging patients
for initial access and staying engaged in recommended
programs. A systematic review of adherence to web-based
interventions showed that, on average, only about 50% of
participants engage in software-based interventions, with
variations from 10% to 90% across studies [33].

To increase engagement and persistent use of health-related
software programs, it is therefore important to identify
psychosocial characteristics that go beyond the commonly
known access and demographic variables (eg, younger age,
higher education) [28,29]. Thus, the current study aimed to
identify patient demographic and psychosocial characteristics
associated with use of PROGRESS, a web-based intervention
for PC survivors.

Methods

Conceptual Framework
Our study is guided by the Cognitive-Social Health Information
Processing (C-SHIP) model, a theoretical framework that
identifies 5 cognitive-affective constructs that are associated
with engagement in health protective behaviors [34,35]. These
constructs consist of (1) cancer-relevant interpretations, (2)
beliefs and expectations about cancer treatment and disease
outcomes, (3) cancer-relevant goals and values, (4)
cancer-relevant affective states, and (5) self-regulatory
competencies and skills for generating and maintaining
goal-oriented health-related behaviors. For the purpose of our
analyses, these theoretical C-SHIP constructs were
operationalized with the following patient-level variables:
monitoring styles of coping (ie, the disposition to stand for and
attend to health-relevant cues that entail C-SHIP’s
cancer-relevant interpretations, beliefs, and expectations about
health risks); health literacy (C-SHIP’s skills for generating and
maintaining goal-oriented health behaviors); self-efficacy
(C-SHIP’s self-regulatory competencies); depression, anxiety,
and fatigue (C-SHIP’s cancer-relevant affective states). We
hypothesized that these constructs are significantly and
positively related to patient engagement and usage of the
PROGRESS program.

Patient Recruitment
For the parent randomized controlled trial (RCT), PC patients
were recruited during routine posttreatment follow-up
appointments at 4 mid-Atlantic cancer centers. Recruitment
occurred over the course of 3 years (2013-2016). Patients were
eligible if they were diagnosed with localized PC (T1-T3c
N0M0), were within 1 year of treatment completion, had regular
access to a computer or a tablet with internet either at home or
at another public place, were aged 18 years or older, were able
to give consent, and were able to communicate in English.
Exclusion criteria were presence of another primary cancer or
a cancer recurrence.

Eligible patients who agreed to participate in the study were
enrolled after signing the consent form and completing the
baseline survey. Using block randomization by site, participants
were randomized to either the control group (print materials:
NCI’s Facing Forward: Life after Cancer Treatment and What
You Need to Know about Prostate Cancer) or the intervention
group (PROGRESS + print materials). This manuscript focuses
only on the subgroup of participants that were randomized to
the intervention group, PROGRESS. This study was approved
by the Institutional Review Boards at Fox Chase Cancer Center
(#11‐825), Rutgers University (#0220110092), Northwell
Health (#14‐672), and Mt. Sinai (#11‐01136).

Intervention Condition

PROGRESS Content
PROGRESS is a self-paced, web-based educational program
to address PC survivors’ information needs in 6 specific domains
suggested by prior work of the investigators [15,16,21,36-37],
literature on this population, and formative work to develop the
intervention content. These domains are (1) treatment type and
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expected prostate specific antigen (PSA) changes, which indicate
PC status and progression; (2) physical side effects (eg, urinary
and sexual dysfunction); (3) emotional concerns (eg, fear of
cancer recurrence); (4) interpersonal concerns (eg,
communications with providers and family); (5) practical
concerns (eg, follow-up care, financial needs); and (6) healthy
lifestyle (eg, nutrition, physical activities) [15,38]. Information
is culturally targeted and tailored to different survivorship stages
(eg, short-term vs long-term survivorship needs). PROGRESS
was developed through a 2-phase, qualitative formative research
study. Phase 1 included individual interviews with 5 and group
interviews with 12 early-stage prostate cancer patients to
determine intervention content and interface. Phase 1 employed
iterative user and usability testing (n=12) to finalize the
intervention. Participants expressed interest in action-oriented
content on managing treatment side effects, handling body
image and comorbidities related to overweight or obesity, coping
with emotional and communication issues, tips to reduce
disruption of daily living activities, and health skills training
tools. An extensive readability evaluation was conducted in
order to ensure that the PROGRESS intervention met plain
language standards. To conduct this evaluation, members of the
Office of Health Communications and Health Disparities at Fox
Chase Cancer Center used the software program, Health Literacy
Advisor, to calculate reading grade levels and offer replacement
text for complex terms and long sentences. All text was revised
as needed to conform to an 8th or 9th grade target level reading
range. For more information on the development, preliminary
testing, and efficacy of PROGRESS, see Miller et al [38] and
Tagai et al [39,40].

PROGRESS features include a topics tab (addressing financial
or legal issues; interpersonal communication, emotional and
practical concerns; negative feelings; and side effects); videos
from physicians, patients, and content experts; fields for personal
tracking (of PSA level, health status, weight, sleep, urinary or
erectile dysfunction, medication, living habits, and questions
for upcoming physician appointments); information on the latest
PC findings (in prevention, screening, treatment, and
survivorship); a virtual health center and navigator; theoretically
guided normalizing messages; testimonials from a group of
diverse PC survivors; and technology support (a tutorial program
and a help desk). The software program underwent extensive
usability testing before it was released for study purposes [38].

Translating Theory-Driven Constructs to Practical
Content
The 5 key theoretical constructs were operationalized within
PROGRESS through the program’s components of (1) providing
accurate information, (2) creating realistic expectations and
promoting self-efficacy, (3) exploring the patient’s goals and
values and encouraging behavior consistent with them, (4)
validating feelings and facilitating emotional support, and (5)
providing information and training to maximize self-regulatory
competencies and skills.

Data Collection
Assessments were conducted at baseline and at 1-month,
3-month, and 6-month follow-ups. Data for these analyses were
drawn from the baseline assessment and indication of website

use during the study. Patients completed the assessments via
paper-and-pencil survey, online via REDCap, or telephone
interview. Follow-up telephone calls or emails (based on
participant’s preferred survey completion method) were used
for noncompleted surveys. Participants received a US $20 gift
card for each completed assessment.

Study Measures
Demographics assessed at baseline included race/ethnicity, age,
and education. Comorbidities were captured using the Charlson
Comorbidity Index, a 16-item weighted measure evaluating the
presence or absence, or severity, of illnesses [41]. The Charlson
is scored as a weighted sum of the illnesses, such that a positive
response for certain illnesses (ie, myocardial infarction,
congestive health failure, dementia) adds 1 point each, a positive
response for other illnesses (ie, leukemia) adds 2 points each,
and a positive response for AIDS adds 6 points. The remaining
illnesses, which are scored on a severity scale, are multiplied
by 2, 3, 2, and 6 for diabetes mellitus, liver disease, renal
disease, and malignant solid tumor, respectively. Style of coping
was assessed using the Monitor/Blunter Style Scale (MBSS)
[42]. Health Literacy was assessed using a 3-item screen for
health literacy [43,44]. The 3 items are: “How often do you
have someone help you read hospital materials?”, “How
confident are you filling out medical forms by yourself?”, and
“How often do you have problems learning about your medical
condition because of difficulty understanding written
information?” Response options are on a 5-point Likert scale
ranging from “always to never” or “extremely to not at all.”
Self-efficacy for symptom control was measured using an
author-constructed 12-item scale that asked participants how
confident they were to “manage any treatment-related fatigue,”
“recover your emotional well-being,” and “does your family
know how to support you?” [45]. Depression, anxiety, and
fatigue were assessed with the Profile of Mood States Short
Form (POMS-SF), using the respective depression, anxiety, and
fatigue subscales [46]. Depression was also assessed with the
Center for Epidemiological Studies-Depression subscale
(CES-D) [47]. Undergoing surgery or radiation therapy was
assessed via self-report and confirmed with medical chart
abstraction.

The outcome variable, PROGRESS use, was a binary variable
coded as “use” or “nonuse” and was obtained via Google
Analytics after completion of the participants’ last follow-up
assessments. Participants randomized to PROGRESS were
considered to have used PROGRESS if they clicked beyond
the home page at least once during the study period. Participants
were categorized as nonusers if they did not log in or logged in
but did not click through to any other page beyond the home
page. We were unable to track amount of website use with the
available tracking metrics.

Statistical Analyses
Data were analyzed with SPSS version 19.0 and R version 3.6.
Descriptive statistics were used to characterize the sample
[48,49]. We then used a series of univariable logistic regression
models to test the association between website use and each
variable of interest, using generalized estimating equations with
robust standard errors to account for within-site correlation. We
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also used a multivariable logistic regression model to
simultaneously evaluate the variables’associations with website
use. Significant variables from the univariate logistic regression
analyses, a priori variables of interest, and surgery or radiation
treatment (hormone therapy was excluded due to low number
of patients receiving this treatment) were included in the
multivariable logistic regression model. To avoid collinearity,
the POMS-SF total score was included rather than the individual
subscales. A 2-sided P value <.05 was considered statistically
significant.

Results

Recruitment
A total of 927 participants were assessed for eligibility; 278 did
not meet inclusion criteria, leaving 649 eligible. A total of 431
participants (66.4% of those eligible) consented and were
enrolled and randomized (217 PC survivors were randomized
to PROGRESS, and 214 were randomized to the control
condition), and 218 declined to participate. Of those randomized
to PROGRESS, 73.3% (159/217) completed the 1-month time
point, 54.8% (119/217) completed the 3-month time point, and
47.5% (103/217) completed the 6-month time point. See Figure
1 for a detailed CONSORT (Consolidated Standards of
Reporting Trials) diagram, adapted for this study focusing on
the PROGRESS intervention arm.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram for the PROGRESS intervention arm.

Sample Demographics
Overall, the sample was mostly non-Hispanic White (160/217,
73.7%), married (175/217, 80.6%), and with no comorbidities
(167/214, 78.0%). About half (103/215, 47.9%) had a college
degree or higher, and about half (115/217, 53.0%) endorsed that
they were in the highest income bracket (US $75,001 and
greater). In terms of treatment, about half (112/217, 51.6%) had
surgery. The average age of the sample was 63.79 (SD 6.67)
years. See Table 1 for details.

Participants’ mean scores were 2.46 (SD 2.20) and 1.44 (SD
1.41) on the monitoring and blunting subscales, respectively;
13.12 (SD 2.24) on the measure of health literacy; 8.75 (SD
1.11) on the self-efficacy for re-entry scale; 4.76 (SD 4.32) on
the anxiety measure; and 6.27 (SD 5.05) on the measure of
fatigue. Further, the average scores on the POMS-SF depression
measure and CES-D measure were 3.30 (SD 3.94) and 5.99 (SD
5.27), respectively. See Table 1 for details.
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Table 1. Demographic characteristics of website users and nonusers (controlling for study site).

P valueTotal sample (N=217)Nonusers (n=133)Website users (n=84)Variable

Race/ethnicity, n (%)

refa160 (73.7)92 (69.2)68 (81.0)Non-Hispanic White

<.00140 (18.4)31 (23.3)9 (10.7)Non-Hispanic Black

.8617 (7.8)10 (7.5)7 (8.3)All other races

<.00163.79 (6.67)62.79 (6.27)65.37 (7.03)Age (years), mean (SD)

Educationb, n (%)

ref49 (22.8)33 (25.2)16 (19.0)High school or less

.4063 (29.3)37 (28.2)26 (31.0)Some college

.0855 (25.6)33 (25.2)22 (26.2)College degree

.6048 (22.3)28 (21.4)20 (23.8)Graduate/professional degree

Household income (US $), n (%)

ref36 (16.6)25 (18.8)11 (13.1)<45,000

.3452 (24.0)31 (23.3)21 (25.0)45,001-75,000

.25115 (53.0)66 (49.6)49 (58.3)≥75,001

.3014 (6.5)11 (8.3)3 (3.6)Missing

Marital status, n (%)

ref42 (19.4)30 (22.6)12 (14.3)Never married, divorced, separated, widowed, single, un-
known, refused

.08175 (80.6)103 (77.4)72 (85.7)Married or domestic partnership

.1813.12 (2.24)12.87 (2.39)13.51 (1.94)Health literacy, mean (SD)

.291.44 (1.41)1.31 (1.50)1.65 (1.24)Blunting, mean (SD)

.012.46 (2.20)2.11 (2.29)3.01 (1.93)Monitoring, mean (SD)

.078.75 (1.11)8.70 (1.18)8.83 (0.98)Self-efficacy for re-entry, mean (SD)

.153.30 (3.94)3.56 (4.31)2.89 (3.25)Depression (POMS-SFc), mean (SD)

<.0015.99 (5.27)6.43 (5.84)5.29 (4.17)Depression (CES-Dd), mean (SD)

.024.76 (4.32)5.01 (4.65)4.36 (3.74)Tense/anxiety, mean (SD)

<.0016.27 (5.05)6.61 (5.28)5.72 (4.64)Fatigue, mean (SD)

Charlson Comorbidity Indexe, n (%)

ref167 (78.0)101 (77.1)66 (79.5)0

.5228 (13.1)18 (13.7)10 (12.1)1

.3019 (8.9)12 (9.2)7 (8.4)≥2

Radiation therapy, n (%)

.09148 (68.2)96 (72.2)52 (61.9)No

69 (31.8)37 (27.8)32 (38.1)Yes

Surgery, n (%)

.80105 (48.4)66 (49.6)39 (46.4)No

112 (51.6)67 (50.4)45 (53.6)Yes

aref: reference.
bTotal n=215.
cPOMS-SF: Profile of Mood States Short Form.
dCES-D: Center for Epidemiological Studies-Depression subscale.
eTotal n=214.
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Main Analyses
Of the 217 patients, 84 (38.7%) reported using the website
versus the 133 (61.3%) who reported that they did not use the
website. When controlling for study site, there were significant
differences between those who used PROGRESS and those
who did not use PROGRESS in the following variables:
race/ethnicity, age, style of coping, depression, anxiety, and
fatigue. Specifically, a larger proportion of non-Hispanic White
(68/160, 42.5%), compared with non-Hispanic Black (9/40,
23%), participants used PROGRESS (P<.001; Table 1). Users
of PROGRESS were older in age (mean 65.37, SD 7.03 years
vs mean 62.79, SD 6.27 years; P<.001), higher on monitoring
(mean 3.01, SD 1.93 vs mean 2.11, SD 2.29; P=.01), and less
depressed (mean 5.29, SD 4.17 vs mean 6.43, SD 5.84; P<.001),
anxious (mean 4.36, SD 3.74 vs mean 5.01, SD 4.65; P=.02),

and fatigued (mean 5.72, SD 4.64 vs mean 6.61, SD 5.28;
P<.001). There were no other significant differences between
those who used PROGRESS and those who did not use
PROGRESS.

In the multivariable model, non-Hispanic Black participants
were significantly less likely to use the website than
non-Hispanic White participants (OR 0.28, 95% CI 0.25-0.32;
Table 2). There was no significant difference between
non-Hispanic White participants and those of all other
race/ethnicities (OR 0.77, 95% CI 0.43-1.36). Additionally,
older participants were more likely to use the website (OR 1.05,
95% CI 1.04-1.07), as well as those reporting greater monitoring
style of coping (OR 1.27, 95% CI 1.04-1.56). Finally, those
with a more negative mood state were significantly less likely
to use the website (OR 0.98, 95% CI 0.97-0.98).

Table 2. Multivariable logistic regression analysis (controlling for study site).

UCLcLCLbSEORaVariable

0.320.25.070.28Non-Hispanic Blackd

1.360.43.290.77All other races/ethnicitiesd

1.071.04.011.05Age

1.561.04.101.27Monitoring

1.010.78.070.89Self-efficacy for re-entry

0.980.97.0040.98Mood total

2.070.98.191.42Radiation therapye

2.570.56.391.19Surgerye

aOR: odds ratio.
bLCL: lower confidence limit.
cUCL: upper confidence limit.
dReference group: non-Hispanic White.
eReference group: did not receive treatment.

Discussion

Principal Findings
PROGRESS was more likely to be used by PC survivors who
were high on monitoring style of coping, a coping style to deal
with threat that involves scanning for and magnifying
disease-related cues [42]. Monitors are often more concerned
about their illness, experience more treatment-related side
effects, are more knowledgeable about their medical situation,
feel themselves to be at greater personal risk, and are less
satisfied with and more demanding about the psychosocial
aspects of their care [50]. Notably, they are more often adherent
to medical recommendations and place greater value on
health-related information [50]. The PROGRESS website
offered patients characterized as monitors authoritative
information about PC from providers and testimonials by a
diverse group of survivors who are addressing psychosocial
aspects of the disease. Thus, PROGRESS offers monitors
health-related information that they typically value and that
translated into higher use.

Results also showed that PROGRESS was more likely to be
used by non-Hispanic, White PC survivors, confirming prior
established patterns of internet use. A study conducted by the
Pew Research Center indicated that internet usage is more
common in White compared with non-Hispanic Black
populations [51,52]. Racial disparities in education are
well-documented and favor non-minority populations [53,54].
Patients with higher levels of education are more likely to have
used a computer in the past and would be more apt to use offered
resources, such as PROGRESS.

PROGRESS users’ relatively positive mood (less depressed,
less anxious, and less fatigued) allows them to mobilize in
support of their health, which includes taking advantage of the
information PROGRESS has to offer. Using PROGRESS and
other related health resources may be blunted in patients who
are highly depressed, as depressed patients often cannot
empower themselves to take care of their health. Similarly, high
anxiety may hinder the use of PROGRESS, as these patients
may have anxiety about the information that PROGRESS will
provide. Patients with high levels of fatigue may not feel
energized to a degree necessary to use a web-based resource
such as PROGRESS. Our results also showed that older patients
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were more likely to use PROGRESS. Though this finding was
statistically significant, it was not clinically significant, with an
average age of 65.37 years compared with 62.79 years. It is
encouraging that older men are using this web-based resource,
as PC survivors more generally are an older demographic given
the average age of diagnosis is 66 years old [1]. Analyzing age
as a categorical variable produces the same results. It is possible
that the older participants were more motivated to use the site
or that this finding is due to chance, as the numbers for each
individual group are not that large.

The study findings highlight the need for strategies to increase
patient engagement with web-based tools, as less than 40% of
the intervention group reported that they used PROGRESS.
Engagement needs to go beyond the commonly accepted
development and access strategies, such as ensuring access to
a computer and the internet (eg, providing tablets in clinic during
down time), ensuring comfort with using a computer and the
internet, using language and terminology appropriate for a low
health-literate population, incorporating culturally targeted
material into the program, and prompting use through text
message or email reminders. The value of the recommended
services needs to be clearly communicated, and if possible,
gamification elements, such as badges or virtual competition
with other users, can be incorporated.

Indeed, our study team did engage in a thoughtful, iterative
process to design the PROGRESS website that included
stakeholder feedback. Based on the initial design phase and the
usability testing, the PROGRESS site was very positively
evaluated. We think that this highlights the need for ongoing
usability and acceptability testing, rather than collecting these
data at one time point prior to intervention launch. This
experience has suggested that, for future studies, researchers
should build in a regular review of usage, usability, and
acceptability and devise a plan for how to handle the responses
if certain intervention components are not well-received.
Collecting these data longitudinally during the RCT phase may
not be able to inform the intervention being tested, but it would
be useful to inform future interventions.

Low patient engagement is a threat to efforts to evaluate the
efficacy of web-based tools. Before beginning a research study,
power calculations are needed to ascertain sample size
requirements necessary to detect clinically meaningful
differences. Understanding that all of those enrolled in the
intervention arm may not actually engage with the intervention
may alter researchers’ plans for how many patients to enroll.
On a related note, researchers may, a priori, plan to conduct
their analyses in 2 ways: first, comparing intervention and
control, and second, comparing within the intervention arm,
users with nonusers. In addition, rather than “using website” as
a simple binary variable, future research should employ more
sophisticated website use tracking features that allow
investigators to capture detailed website use, such as time spent
with each page, pages with most views, and number of
downloads.

Limitations
This study is not without its limitations. First, the sample was
highly homogenous and was mostly non-Hispanic White and
high income, and thus, the results may not be generalizable to
other, more diverse patient groups. Second, our “website use”
variable was binary and therefore did not allow us to evaluate
the full continuum of website usage from those who never
logged in to the super-users who used PROGRESS over and
over again. These limitations aside, we believe our study
substantially contributes to the literature characterizing the
patient profile of a web-based resource user.

Conclusions
Our study showed that, compared with nonusers, users of
PROGRESS, a website for PC survivors, were more likely to
be non-Hispanic White (compared with non-Hispanic Black
participants), be older in age, have a higher monitoring style of
coping, and have experienced higher levels of positive mood.
Improved engagement features need to be developed and
evaluated to increase the perceived value to patients.
Additionally, the existence of a user patient profile indicates
the potential to tailor web-based resources accordingly.
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Abstract

Background: Digital technologies have changed how we manage our health, and eHealth literacy is needed to engage with
health technologies. Any eHealth strategy would be ineffective if users’eHealth literacy needs are not addressed. A robust measure
of eHealth literacy is essential for understanding these needs. On the basis of the eHealth Literacy Framework, which identified
7 dimensions of eHealth literacy, the eHealth Literacy Questionnaire (eHLQ) was developed. The tool has demonstrated robust
psychometric properties in the Danish setting, but validity testing should be an ongoing and accumulative process.

Objective: This study aims to evaluate validity evidence based on test content, response process, and internal structure of the
eHLQ in the Australian community health setting.

Methods: A mixed methods approach was used with cognitive interviewing conducted to examine evidence on test content and
response process, whereas a cross-sectional survey was undertaken for evidence on internal structure. Data were collected at 3
diverse community health sites in Victoria, Australia. Psychometric testing included both the classical test theory and item response
theory approaches. Methods included Bayesian structural equation modeling for confirmatory factor analysis, internal consistency
and test-retest for reliability, and the Bayesian multiple-indicators, multiple-causes model for testing of differential item functioning.

Results: Cognitive interviewing identified only 1 confusing term, which was clarified. All items were easy to read and understood
as intended. A total of 525 questionnaires were included for psychometric analysis. All scales were homogenous with composite
scale reliability ranging from 0.73 to 0.90. The intraclass correlation coefficient for test-retest reliability for the 7 scales ranged
from 0.72 to 0.95. A 7-factor Bayesian structural equation modeling using small variance priors for cross-loadings and residual
covariances was fitted to the data, and the model of interest produced a satisfactory fit (posterior productive P=.49, 95% CI for
the difference between observed and replicated chi-square values −101.40 to 108.83, prior-posterior productive P=.92). All items
loaded on the relevant factor, with loadings ranging from 0.36 to 0.94. No significant cross-loading was found. There was no
evidence of differential item functioning for administration format, site area, and health setting. However, discriminant validity
was not well established for scales 1, 3, 5, 6, and 7. Item response theory analysis found that all items provided precise information
at different trait levels, except for 1 item. All items demonstrated different sensitivity to different trait levels and represented a
range of difficulty levels.
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Conclusions: The evidence suggests that the eHLQ is a tool with robust psychometric properties and further investigation of
discriminant validity is recommended. It is ready to be used to identify eHealth literacy strengths and challenges and assist the
development of digital health interventions to ensure that people with limited digital access and skills are not left behind.

(J Med Internet Res 2022;24(3):e32777)   doi:10.2196/32777
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eHealth; health literacy; health equity; questionnaire design; validity evidence; eHLQ; mobile phone

Introduction

Background
Digital technologies have brought fundamental changes to
modern-day life including how we manage our health. We can
quickly search for health information at our fingertips but are
also facing an avalanche of misinformation, as evident during
the COVID-19 pandemic [1]. We can have instant access to our
electronic personal health record, but these digital systems can
be difficult to use or do not meet our expectation [2-5]. In
addition, some people simply do not have or only have limited
access or skills to use technologies for health, leading to the
potential widening of health inequity when people with limited
access or skills are being left behind in the digital age.

To characterize the challenges of accessing and using digital
technologies for health, the concept of eHealth literacy was
coined in 2006 [6]. At that time, it was defined as “the ability
to seek, find, understand, and appraise health information from
electronic sources and apply the knowledge gained to addressing
or solving a health problem” [6]. It is further recognized that
any digital or eHealth strategy or intervention would be
ineffective if the eHealth literacy needs of users are not
addressed [6-8]. For example, in the postevaluation phase of
the now defunct web-based personal health record in the United
Kingdom, the HealthSpace, it was concluded that there was a
mismatch of the system and users’expectations, and some users
seemed to lack the health literacy and digital literacy required
to use the system [2,3].

The eHealth Literacy Questionnaire
To describe and address eHealth literacy needs, Norgaard et al
[9] developed the eHealth Literacy Framework using a grounded
validity-driven approach based on the results of a series of
concept mapping workshops with a diverse range of
stakeholders. Therefore, 7 dimensions of eHealth literacy were
identified, depicting an overarching vision of how people access,
understand, and use technology for health involving skills, health
systems, and interaction between the individual and the systems
[9]. This grounded framework provides a more comprehensive
and contemporary view of eHealth literacy than the original
definition, as it also taps into the role of digital systems and the
interaction between users and systems. The framework was
subsequently used to develop the eHealth Literacy Questionnaire
(eHLQ) as a tool to measure eHealth literacy based on the seven
dimensions:

1. Using technology to process health information
2. Understanding of health concepts and language
3. Ability to actively engage with digital services
4. Feel safe and in control

5. Motivated to engage with digital services
6. Access to digital services that work
7. Digital services that suit individual needs [10]

With the inclusion of eHealth literacy dimensions relating to
user interaction and experiences in using digital health systems,
the eHLQ embraces the real-world experiences of users while
capturing the interactivity and increasing capabilities of digital
technologies. It can provide rich information about the
competencies of individuals as well as the maturity of digital
health systems, as mature systems are likely to be more
responsive to the individual needs of users [10]. As such, the
eHLQ is a useful tool for digital health developers and
implementers to promote equity-driven digital health systems
and eventually contribute to health equity.

The eHLQ was simultaneously developed in Danish and English
to avoid idiom and improve item wording to enhance future
translation of the questionnaire into other languages [10]. The
tool consists of 35 items with 7 scales, each with 4 to 6 items,
and the response option is a 4-point ordinal scale of strongly
disagree to strongly agree. The results are 7 equally weighted
composite scale scores [10]. Initial validity testing of the Danish
version of the eHLQ, based on data collected from 475 people
from community and health care settings in Denmark,
demonstrated the psychometric robustness of the tool. A 7-factor
confirmatory factor analysis (CFA) model using the Bayesian
structural equation modeling (BSEM) approach resulted in a
satisfactory fit. All the 35 items of the tool loaded strongly on
their relevant factors (range 0.36-0.94) with no significant
cross-loadings. Good internal consistency was also demonstrated
with satisfactory composite scale reliability for each of the 7
scales (range 0.75-0.87). In addition to taking the classical test
theory (CTT) approach to the testing of psychometric properties,
the item response theory (IRT) approach was also used. The
results confirmed that the 35 items represented a range of
difficulties and had good discrimination for testing people with
different levels of eHealth literacy ability. Measurement
invariance for age and sex was also demonstrated [10]. Although
the study provided satisfactory validity evidence of the eHLQ
in the Danish setting, evidence for the English version needs to
be established. Described as a pioneer of eHealth in the world,
Denmark has a national, publicly owned eHealth portal that is
used by at least 2.3 million unique users out of their 5.8 million
citizens per month as of 2019 [11,12]. Digital health is part of
the routine for many Danish citizens. Although Australia also
has a national digital health record system, information from
an Australian Senate estimates hearing in 2019 revealed that
only 4% of Australians had logged in to the Australian system
[13]. Therefore, how the eHLQ will perform in settings with
less prominent public use of digital health services is not known.
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Validity Evidence
Validity testing is an ongoing process that involves the
accumulation of 5 sources of evidence based on test content,
response process, internal structure, relations to other variables,
and consequences of testing, according to the authoritative
reference of developing and using of educational and
psychological measurements, the Standards for Educational
and Psychological Testing (the Standards) [14].

Evidence based on test content is used to determine whether
the items represent the content domain and may also include
whether the wordings are easy to read and formats of
administration are easy to use. Response process refers to the
cognitive process of survey participants, that is, whether the
interpretation of the items by participants aligns with the
intended interpretation of items by test developers. It may also
include whether interpretation remains the same across
subgroups or across different formats of administration. Internal
structure is the extent to which items conform to the constructs
and relates to aspects such as factor analysis, reliability, and
measurement invariance. Relations to other variables is the
analysis of the relationship between the scores on another
instrument relevant in the theoretical network of the construct
being measured or other external variables that the scores can
predict, whereas consequences of testing relates to the robustness
of the proposed use of the test scores, including intended
benefits, indirect effects, and unintended consequences such as
construct underrepresentation or construct irrelevance [14-19].
This study focuses on the evidence collected in the Australian
community health setting. Evidence on relations to other
variables in this setting has been described by Cheng et al [20].
The aim of this study is to report and evaluate the evidence on
test content, response process, and internal structure of the
English eHLQ in Australia.

Methods

Data Collection
Methods to collect and evaluate the validity evidence were
guided by the discussion in the Standards and related literature.
A mixed methods approach was used with cognitive
interviewing conducted to examine evidence on test content
and response process, whereas a cross-sectional survey was
undertaken for evidence on internal structure. Cognitive
interviews were conducted in 2017 at a not-for-profit community
health organization in the metropolitan area of Victoria,
Australia. The clients of this site, together with clients from 2
private primary care medical clinics in the metropolitan and
regional areas, were invited to participate in the cross-sectional
survey in 2018.

Eligibility criteria for participation in both activities were clients
aged ≥18 years, with or without any health conditions, and able
to complete the questionnaire in paper-based format, web-based
format, or face-to-face interview. Clients experiencing
significant cognitive or mental health issues, who were too
clinically unwell, and with insufficient English to complete the
questionnaire and who did not have a carer to assist them were
excluded.

Ethics Approval
Ethical approval of the study was obtained from the Deakin
University Human Research Ethics Committee (HEAG-H
146_2017).

Cognitive Interviewing
Cognitive interviewing is commonly used to explore the
cognitive process of how people answer survey items [21-23].
It may shed light on how people construct their answers to
determine if their thinking matches the item as intended by the
test developers, if people experience difficulties when answering
the questions, or if the layouts are suitable. The results can also
be used to identify response differences across sociocultural
groups [17,22,24,25].

Given the qualitative nature of cognitive interviewing, a large
sample size is not required but needs to be representative and
diverse [14,24]. The process took an iterative approach that
involved rounds of testing should issues be identified and the
questions needed to be revised [21], with all items tested at least
five times or until data saturation [26,27].

Participants were recruited with assistance from the health site,
and a plain language information sheet was provided, with
written consent requested. Interviews were conducted after
participants completed the paper-based format. Participant
behavior was observed when they answered the questionnaire.
Upon completion, two questions were asked to gain insights
into the cognitive process: (1) What were you thinking when
you answered this question? (2) Why did you choose this
answer? Participants were encouraged to make any further
comments about the items or the format. They could be
interviewed for all 35 items or part of the questionnaire, mainly
for older participants to avoid fatigue and cognitive overload.

Data analysis was conducted using text summary [24]. Content
analysis was first reviewed against the item intents of the eHLQ
by one of the authors (CC), and further review was undertaken
by another author (RHO). Any issues identified for revisions
were discussed among all the authors until agreement was
reached.

Cross-sectional Survey for Psychometric Testing
For the cross-sectional survey, clients were recruited at the
waiting area and provided with an information sheet. A signed
consent form was not requested with the return of the completed
questionnaire as implied consent as a strategy to facilitate
participation. Apart from self-administration using paper-based
or web-based formats, interviews were included to ensure that
older people or people with low literacy could participate.
Demographic questions including age, sex, postcode, language
spoken at home, education, health status, perceived health status,
and use of digital services were also collected. Further
description of recruitment is described in the study by Cheng
et al [20].

Similar to the Danish eHLQ validity testing [10], this study also
adopted both the CTT and IRT approaches for psychometric
analysis. CTT is the traditional approach based on the assertion
that an observed score comprises a true score and an error score
[28,29]. This approach usually involves the evaluation of
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dimensionality, discrimination, and reliability. However, CTT
has been criticized for being sample dependent and does not
take into account the characteristics of test items and how people
at different levels of the construct of interest perform on those
items, which is the focus of IRT, the modern approach [28,29].
Hence, both approaches were used in this study to strengthen
the collection of evidence.

Statistical Analysis

Overview
Analyses were conducted using three statistical software
programs, namely, SPSS (version 25.0; IBM Corp) [30], Mplus
(version 8.3; Muthén & Muthén) [31], and IRTPRO (Item
Response Theory for Patient-Reported Outcomes; version 4.20;
Vector Psychometric Group) [32]. Descriptive statistics were
generated for the demographic data, eHLQ scores, and floor
and ceiling effects. The presence of floor and ceiling effects
may indicate poor discrimination at the minimum or maximum
values [33], with effects considered significant if over 15% of
participants score in the top (ceiling) or bottom (floor) of a score
range [34,35].

Missing Values
To deal with missing data for the eHLQ scores, the data set was
first examined. If no clear pattern of missingness was found,
that is, the missingness could be regarded as completely at
random, a 2-step approach would be taken. The first step was
to delete cases with more than 50% of missing values to reduce
potential bias. The second step was to replace all missing values
using the expectation-maximization algorithm imputation in
SPSS [30,36,37]. This final data set was used for all
psychometric analyses.

CTT Analysis
Item difficulty is an item property and is usually conducted as
a first step in item analysis in the CTT approach [28,38]. This
parameter was calculated as the proportion of survey participants
who endorsed disagree and strongly disagree against the
proportion of agree and strongly agree [39]. Hence, the higher
the proportion responding to disagree and strongly disagree
indicated a higher level of difficulty.

To measure reliability, internal consistency and test-retest
reliability were evaluated. In addition to the commonly used
Cronbach α for internal consistency, which has been criticized
for producing biased estimates when items do not have equal
factor loadings or in case of correlated item errors [39],
composite scale reliability calculated through structural equation
modeling using Mplus recommended by Raykov [40] was also
evaluated. These 2 estimates are expected to be fairly
comparable when the set of items is unidimensional, has
uncorrelated errors, and has high loadings on the true score
[29,40]. The acceptable range of both estimates is from 0.70 to
0.95, with 0.80 generally regarded as good reliability [41]. For
test-retest, there is no consensus on the optimal length between
time points, and invitations were sent 1 week after the first
completion of the questionnaire. Test-retest reliability was
evaluated using the intraclass correlation coefficient (ICC) [42].
A minimum of 10 participants is considered adequate for

detecting an acceptable ICC of 0.70 with 80% power at a
significance level of .05 [43], and a sample size of 30 was
estimated.

Following the classical item analysis, CFA was conducted,
given that the hypothesized constructs were specified a priori.
Similar to the Danish validity testing, the BSEM approach was
adopted [10] using Mplus. There is no agreement on the sample
size for CFA, which can range from 100 to 400 [33,44], and a
sample size of 500 was estimated. Contrary to the traditional
frequentist approach using the maximum likelihood estimation
procedure, which assumes that measures not related to a latent
factor will have zero loadings on that factor, which can easily
lead to poor model fit and rejection [29,45], the parameters in
BSEM are treated as variables, and this more flexible approach
is described as a better reflection of substantive theories [45].

The different parameter specifications in BSEM at the start of
an analysis are described as priors, which can be diffuse
(noninformative) or informative [45]. Diffuse priors are
hypothesized parameters that are fully estimated from the data,
whereas informative priors are likely parameter values derived
from previous studies, researchers’ theories, or prior beliefs
[45]. Informative priors can be applied to cross-loadings and
residual covariances. For cross-loading priors, a variance prior
of 0.01 means that 95% of the loading variation is within the
range of −0.20 to +0.20, which is considered a small loading.
Inverse-Wishart priors were used for the covariances among
item residuals. The application is to start with a large enough
df of the inverse-Wishart distribution and gradually lowers the
df parameter to produce a more flexible model such that the
residual covariances are not strictly constrained to zero [46].

A sequence of 1-factor models followed by a 7-factor model
(Multimedia Appendix 1) were fitted to the data. Several models
with different parameter specifications, using the Danish study
as a reference [10], were tested and compared to identify the
model of interest, which is a model that is not rejected by the
data and is “closest to the CFA model that fits well enough”
[46]. To evaluate model fit, Mplus produces a posterior
predictive P (PPP) value and 95% CI for the difference between
the observed and replicated chi-square values. A low PPP value
and positive 95% CI indicate poor fit, whereas a PPP value of
around .5 and a value of 0 falling close to the middle of the 95%
CI indicates excellent fit [45]. Furthermore, a nonsignificant
prior-posterior predictive P (PPPP) value, that is, >.05, indicates
that the estimates of the cross-loadings can be considered
approximate zero and are thus negligible [47]. Apart from the
aforementioned estimates, a model comparison can be conducted
by examining the model convergence and information criterion.
The model of interest is the model with quicker convergence,
that is, when the potential scale reduction is consistently less
than 1.05 by the smallest number of iterations, and has a lower
discrepancy information criterion [46].

On the basis of the results of the selected 7-factor model,
discriminant validity was evaluated using the Fornell-Larcker
criteria [48] based on shared variance and average variance
extracted (AVE). Shared variance is calculated by squaring the
interfactor correlation between 2 factors, and the AVE is
generated by the average of the sum of the squared factor
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loadings of the related items [49]. If the AVE is >0.5, the first
Fornell-Larcker criterion that “a factor accounts for more
variance in the observed variables associated with it than
measurement error or similar external, unmeasured influences”
[49] is met. To meet the second criterion about the factor’s
association with other factors in the conceptual framework, the
AVE of any 2 factors both “have to be greater than the shared
variance estimate” between the 2 factors [48,49].

The BSEM approach is further used to test for differential item
functioning (DIF), that is, the stability of measurement across
different groups or grouping variables [50,51]. By using the
multiple-indicators, multiple-causes (MIMIC) model approach,
both DIF and group differences can be detected simultaneously
[52]. This method has been used to test for group differences
among different demographic groups in the same setting and is
described with details in the study by Cheng et al [20]. For this
analysis, administration format (paper-based vs face-to-face

interviews), site area (metropolitan vs regional area), and health
setting (private clinic vs not-for-profit community health) were
included as covariates. The web-based format was not included
for analysis owing to the limited number of participants (13/525,
2.5%) using this format. See Figure 1 for the Bayesian model
for testing DIF with scale 1 as an example. Procedures for model
testing and selection are similar to BSEM described earlier,
except priors were applied to DIF paths instead of
cross-loadings. For the evaluation of DIF, a significant direct
effect indicated the presence of DIF, and a 1-tailed P value of
<.025 was considered significant as no directional hypotheses
were set up. If DIF was identified, the estimates were further
evaluated based on the model selected. For example, if the
model with variance prior of 0.01 was selected and the PPPP
value was nonsignificant, then estimates within the range of
−0.2 to +0.2 could be considered negligible [53]. Group
differences were also examined as supplementary results.

Figure 1. Bayesian multiple-indicators, multiple-causes model for differential item functioning testing with scale 1 of eHealth Literacy Questionnaire
as the example. Output from Mplus: Admin: administration format (0=face-to-face interview, 1=paper format); Area: site area, that is, location of
participating organization (0=metropolitan, 1=regional); Setting: health setting (0=private clinic, 1=community health); UTPHI: eHealth Literacy
Questionnaire scale 1 (using technology to process health information); Q7D1, Q11D1, Q13D1, Q20D1, and Q25D1: eHealth Literacy Questionnaire
items.

IRT Analysis
To perform an IRT analysis, 4 assumptions need to be met. The
assumptions of unidimensionality (items are measuring the same
construct), local independence (each item should not be related
except they are measuring the same construct), and item
invariance (item parameters are the same across subgroups) can
be examined through the CTT methods described in the CTT
Analysis section. The assumption of monotonicity (the
probability of endorsing an item increases as the trait level

increases) is evaluated by examining the test characteristic
curves [54]. The sample size requirement for IRT analysis may
range from 200 to 500 [54]. For this analysis, the generalized
partial credit model, similar to the Danish study, was applied
using IRTPRO. Apart from the test characteristic curves, item
thresholds, item location, item discrimination, and information
functions from the 7 unidimensional IRT models were evaluated.
Item response thresholds were evaluated by inspecting the item
characteristic curves, where the peak of each response category
curve from the lowest (strongly disagree) to the highest (strongly
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agree) should correspond to the lowest to the highest trait level
to demonstrate that an item has an ordered set of response
thresholds. For item discrimination, a steeper curve or slope of
the item characteristic curves indicates better discrimination
between people with different levels of the trait. A higher item
discrimination estimate indicates higher discrimination between
people with differences in ability [55,56]. For item location
estimates, lower estimates represent easier items, as these items
are expected to be endorsed by people with lower ability and
are expected to be similar to the item difficulty estimates in the
CTT analysis [54,57,58]. Finally, an inspection of the
information function curve provided information on where an
item could precisely measure the underlying trait. This
measurement precision is analogous to the reliability in CTT
[14]. It also helps to determine if the items of a scale measure
the full spectrum of the underlying trait.

Results

Cognitive Interviewing
A total of 12 participants were recruited for 2 rounds of
cognitive interviews. Of these 12 participants, 8 (67%) were
women and 4 (33%) were men, with 58% (7/12) of the
participants aged >65 years and 17% (2/12) speaking a language
other than English at home. The sample provided a good
representation of people from a range of different age groups
and cultural backgrounds. The first round with 7 participants
identified the term health technology services used in the 4
items of scale 7 (Digital services that suit individual needs) was
confusing. Most participants could not immediately relate the
term to digital systems as intended. Following the discussion
within the research team, the term was changed to eHealth
systems. The changed term was tested in a second round with

5 participants, and no further issue was identified. Participants’
understanding of the other items was generally similar to the
item intents. For example, for items about using technology to
find, understand, share, or organize health information,
participants could easily link it to the internet, Dr Google, or
anything web based. In the item “I use measurements about my
body...,” participants thought about how they used results of
blood test, body weight, or blood pressure, which was aligned
with the item intent.

Despite the diverse backgrounds of participants, no major
differences in understanding the items were identified, and all
participants found the items easy to read. Recommendations
from participants also led to changes in the introductory page
to provide examples of technology, health technology, eHealth
systems, and health care providers or health professionals. The
completion time of the questionnaire ranged from 3 to <7
minutes.

Psychometric Testing

Participant Characteristics
A total of 530 completed questionnaires were collected. On the
basis of the treatment of missing values described in the
Statistical Analysis section, 5 cases were deleted, leading to a
final sample size of 525 for psychometric analyses. The age of
participants of the cross-sectional survey ranged from 18 to 94
years, and 61% (320/525) of the participants were women. A
total of 33.3% (175/525) of the participants had a university
education, and 30.9% (162/535) spoke a language other than
English at home. Of the 525 participants, 300 (57.1%) reported
having some form of chronic illness. Regarding technology use,
of the 525 participants, 151 (28.8%) did not have a computer
or laptop, and 131 (25%) did not use email or SMS text
messaging (Table 1).
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Table 1. Characteristics of cross-sectional survey participants (N=525).

ValueCharacteristics

56.8 (18.6; 18-94)Age (years), mean (SD; range)

Setting, n (%)

204 (38.9)Site 1: metropolitan private clinic

204 (38.9)Site 2: metropolitan community health

117 (22.3)Site 3: regional private clinic

Administration format, n (%)

399 (76)Paper-based

13 (2.5)Web-based

113 (21.5)Face-to-face interview

Sex, n (%)

320 (61)Female

203 (38.7)Male

Education, n (%)

27 (5.1)Primary school or below

173 (33)Secondary school or below

141 (26.9)Trade certificate or diploma

175 (33.3)Completed university

Language at home, n (%)

363 (69.1)English

161 (30.7)Other

Socioeconomic statusa, n (%)

123 (23.5)IRSDb 1-4

111 (21.1)IRSD 5-6

134 (25.5)IRSD 7-8

140 (26.6)IRSD 9-10

Private health insurance, n (%)

249 (47.4)Yes

267 (50.9)No

Longstanding illness (a participant may have >1), n (%)

225 (42.9)No

115 (21.9)Arthritis

14 (2.7)Cancer

90 (17.1)Heart disease

67 (12.8)Diabetes

41 (7.8)Respiratory condition

69 (13.1)Anxiety

69 (13.1)Depression

89 (17)Other

Perceived health status, n (%)

400 (76.1)Good to excellent

103 (21.5)Fair to poor
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ValueCharacteristics

Ownership of digital device (a participant may have >1), n (%)

374 (71.2)Computer or laptop

459 (87.4)Mobile phone or smartphone

241 (45.9)Tablet

2.1 (0.9; 0-4)Number of devices owned, mean (SD; range)

Use of digital communication platform (a participant may have >1), n (%)

394 (75)Email

398 (75.8)SMS text messaging

266 (50.7)Facebook

30 (5.7)Twitter

104 (19.8)Instagram

51 (9.7)Snapchat

112 (21.3)WhatsApp or WeChat

15 (2.9)Blogging

26 (5)Forum/chat room

2.7 (1.8; 0-10)Number of platforms used, mean (SD; range)

392 (74.4)Looked for web-based information in the last 3 months, n (%)

183 (34.9)Monitored health digitally, n (%)

aSocioeconomic status is classified by IRSD10. This index is based on information provided by the Australian Bureau of Statistics [59]. Postcodes are
divided into 10 ranks with the higher number indicating more advantaged suburbs.
bIRSD: Index of Relative Socio-economic Disadvantage Decile 2016 of Australia.

Descriptive Statistics
The mean scale scores ranged from 2.43 (SD 0.57) for scale 7
(Digital services that suit individual needs) to 2.95 (SD 0.41)
for scale 2 (Understanding of health concepts and language;
Table 2). Missing values for individual items were <5%, another
indication that the items were generally well understood. No
floor effect was found, whereas ceiling effects were found for
8 items (range 16.2%-20.8%). These items were related to the
use of technology and understanding of health knowledge,
suggesting that a substantial proportion of participants were

comfortable in using technology and had good knowledge of
health (Multimedia Appendix 2).

Observation during cognitive interviewing and the main survey
did not identify any issue when people responded to the items
for either the paper-based or web-based format. An inspection
of the comments marked on the 530 completed questionnaires
from the main survey found that 0.03% (15/530) of the
participants put a question mark next to some items, indicating
that they did not understand those items, while 0.10% (55/530)
of the participants provided unclear answers. These results
suggested that the items were generally understood, and the
4-point ordinal scale was acceptable.

Table 2. eHealth Literacy Questionnaire scale scores (N=525; score range 1-4).

Missing dataValue, mean (SD)Scale

02.59 (0.61)1. Using technology to process health information

02.95 (0.41)2. Understanding of health concepts and language

12.65 (0.68)3. Ability to actively engage with digital services

52.83 (0.49)4. Feel safe and in control

02.63 (0.55)5. Motivated to engage with digital services

12.64 (0.45)6. Access to digital services that work

112.43 (0.57)7. Digital services that suit individual needs
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CTT Analysis
A range of item difficulty was found for all scales, reflecting a
spectrum of difficulty levels across the relevant constructs. The
scale with the smallest range of item difficulty was 7 (Digital
services that suit individual needs; range 45%-60%). The widest
range of item difficulty was observed for scale 4 (Feel safe and
in control), ranging from 14% to 52%. Scale 7 was also the
most difficult scale, as the difficulty level of all items was at
least 45%, whereas scale 2 (Understanding of health concepts
and language) was the easiest scale with 4 items <20% and the
hardest item was 37% (Multimedia Appendix 3).

The chosen 1-factor Bayesian models (with informative priors
for residual covariances of df=60) had PPP values that ranged
from 0.19 to 0.24 for the 7 scales with all target loadings
statistically significant, establishing evidence of scale
homogeneity. Factor loadings were all >0.50, except for item
3 of scale 6 (Access to digital services that work) with a loading
of 0.45. Residual variances were <0.50, except for 6 items, with
item 3 recording the highest estimate of 0.80 (Multimedia
Appendix 3).

A subsequent 7-factor model was fitted to the data set with 6
models tested. All models fitted the data well. The model with
priors for the variance of cross-loadings set to 0.01 and
inverse-Wishart df for residual covariances of 150 was chosen
as the model of interest (PPP=.49, 95% CI for the difference

between observed and replicated χ2 values −101.40 to 108.83,
PPPP=.92). No statistically significant cross-loadings were
found for the chosen model, indicating that all items loaded
only on 1 factor (Multimedia Appendix 4). Except for 4 items,
all factor loadings of the chosen 7-factor model were >0.50,
with item 26 of scale 2 (Understanding of health concepts and
language) recording the lowest loading of 0.36. In addition, all
cross-loadings were less than −0.20 to +0.20; that is, they could
be considered approximate zero and negligible (Table 3).

Inspection of the AVE showed that the estimates of 4 scales
met the first Fornell-Larcker criterion, whereas 3 scales were
<0.50 (scales 2, 4, and 6). Given that these AVE estimates were
based on the 7-factor model that allowed for cross-loadings and
residual covariances, AVE estimates from the 1-factor models
were also calculated, and the AVE estimates for the 7 scales
were 0.66, 0.49, 0.72, 0.61, 0.65, 0.47, and 0.74. Hence, the
AVE estimates of scales 2 and 6 were still <0.50. The second
criterion of the factor’s association with other factors was also
not satisfied. On the basis of this criterion, only scale 2
demonstrated good discrimination with scales 4, 6, and 7, and
scale 4 had good discrimination with all scales except scale 6.

Hence, there might not be sufficient discriminant validity among
the scales (Table 4).

For internal consistency, the Cronbach α (range .74-.90) and
composite scale reliability (range 0.73-0.90) estimates were
very similar as expected. All were within the acceptable range,
whereas scales 1, 3, 4, 5, and 7 had estimates >0.80, indicating
good internal consistency. For test-retest, 42 participants
completed the retest and ICC ranged from 0.72 to 0.95,
suggesting good test-retest reliability (Multimedia Appendix
3).

The Bayesian MIMIC models for testing DIF for administration
format, site area, and health setting achieved a good model fit.
The model with a DIF path of 0.01 was chosen as the model of
interest for the 7 scales with PPP ranging from .19 (scale 6) to
.35 (scale 7), and all PPPPs were nonsignificant. No statistically
significant effects of site area and health setting on the items
were found. The administration format was found to have a
statistically direct effect on 5 items, indicating possible DIF.
However, all estimates were within the acceptable range of −0.2
to +0.2 and therefore considered negligible (Multimedia
Appendix 5).

For group differences, no significant differences were found
for site area and health setting, but group differences were
identified for the administration format with the
self-administered paper-based format scoring higher than
face-to-face interviews for scales 1 (Using technology to process
health information), 3 (Ability to actively engage with digital
services), 5 (Motivated to engage with digital services), and 7
(Digital services that suit individual needs; Table 5). Further
analysis using nonparametric tests was undertaken to explore
if the 2 groups had significant differences in terms of age,
education, and technology use, with a significance level set at
<.05. A Mann-Whitney U test indicated significant difference
in age for interview (median 75; n=109) and paper format
(median 51; n=387; U=7881.50; z=−10.00; P<.001), with
participants interviewed being older than those completing the
self-administered paper format. A chi-square test for
independence indicated a significant association between

education and administration format, χ2
1=0.4 (n=503), P<.001.

Among the participants being interviewed, 36.7% (40/109) did
not complete secondary school, whereas only 13.2% (51/387)
of participants completing the paper format did not complete
secondary school. A significant difference in the number of
devices was also found for interview (median 2; n=111) and
paper format (median 2; n=390; U=20,328.50; z=6.86; P<.001),
with more devices for participants using the self-administered
paper format than for participants being interviewed.
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Table 3. Factor loadings of the eHealth Literacy Questionnaire 7-factor Bayesian confirmatory factor analysis model with priors for cross-loadings of

0.01 and residual covariances of 150a.

7. Suit needs6. Access5. Motivated4. Feel safe3. Ability2. Health concepts1. Using technologyItemb

1. Using technology to process health information

−0.06−0.06−0.080.000.020.020.94 cQ7D1

−0.08−0.04−0.02−0.01−0.010.030.89Q11D1

0.050.060.080.02−0.03−0.020.59Q13D1

0.080.060.050.02−0.01−0.030.49Q20D1

0.060.040.030.010.02−0.010.61Q25D1

2. Understanding of health concepts and language

0.010.010.040.000.030.520.06Q5D2

−0.03−0.03−0.020.020.010.700.02Q12D2

0.020.03−0.010.03−0.020.51−0.04Q15D2

−0.02−0.02−0.03−0.01−0.010.67−0.03Q21D2

0.040.040.05−0.02−0.000.360.02Q26D2

3. Ability to actively engage with digital service

0.030.030.030.040.68−0.000.00Q4D3

−0.05−0.04−0.020.030.880.010.02Q6D3

0.030.020.030.010.620.020.03Q8D3

−0.04−0.03−0.03−0.020.88−0.010.00Q17D3

0.070.030.01−0.040.740.01−0.03Q32D3

4. Feel safe and in control

−0.03−0.02−0.010.670.010.000.02Q1D4

0.000.010.040.670.010.020.05Q10D4

0.030.050.050.400.020.050.04Q14D4

0.00−0.01−0.030.86−0.01−0.02−0.03Q22D4

0.040.020.010.740.01−0.01−0.01Q30D4

5. Motivated to engage with digital services

−0.02−0.010.760.02−0.01−0.02−0.04Q2D5

0.00−0.000.71−0.040.020.020.04Q19D5

0.010.020.670.05−0.020.01−0.02Q24D5

−0.02−0.010.740.01−0.010.010.00Q27D5

0.00−0.000.72−0.010.030.000.04Q35D5

6. Access to digital services that work

−0.080.59−0.080.06−0.050.02-0.11Q3D6

0.050.400.05−0.030.08−0.000.13Q9D6

−0.020.65−0.050.05−0.040.02−0.11Q16D6

0.010.610.030.000.01−0.030.05Q23D6

−0.000.610.02−0.01−0.01−0.010.00Q29D6

0.070.480.07−0.070.080.010.12Q34D6

7. Digital services that suit individual needs

0.74−0.03−0.02−0.020.040.020.05Q18D7

0.780.010.030.01−0.02−0.030.00Q28D7

0.850.03−0.040.07−0.050.01−0.09Q31D7
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7. Suit needs6. Access5. Motivated4. Feel safe3. Ability2. Health concepts1. Using technologyItemb

0.85−0.02−0.00−0.040.040.000.02Q33D7

aModel fit: posterior predictive P=0.49, 95% CI for the difference between observed and replicated χ2 values −101.40 to 108.83, prior-posterior predictive
P=.92.
bSee Multimedia Appendix 2 for truncated items.
cItalicized values indicate statistically significant factor loadings (P<.05) with standardized estimates reported.

Table 4. Interfactor correlations (below diagonal), average variance extracted (diagonal), and shared variance estimates (above diagonal) for the 7
eHealth Literacy Questionnaire scales.

7. Suit needs6. Access5. Motivated4. Feel safe3. Ability2. Health concepts1. Use techScale

0.56b0.38b0.84b0.060.90b0.37b0.53a1. Using technology to process health infor-
mation

0.210.250.34b0.220.38b0.32a0.612. Understanding of health concepts and lan-
guage

0.61b0.34 b0.72b0.040.59a0.620.953. Ability to actively engage with digital ser-
vices

0.190.34b0.120.47a0.21c0.470.254. Feel safe and in control

0.69b0.63b0.52a0.350.850.580.915. Motivated to engage with digital services

0.75b0.32a0.800.580.580.500.626. Access to digital services that work

0.65a0.870.830.430.780.460.757. Digital services that suit individual needs

aThese values indicated average variance extracted by each latent variable.
bThese values indicate that latent variable shared variance estimates exceed the average variance extracted of either or both variables.
cStatistically not significant interfactor correlation (P>.05).

Table 5. Estimated effects of administration format, site area, and health setting on the 7 eHealth literacy latent variables.

Health settinga,dSite areaa,cAdmin formata,bScale

0.10 (0.06)0.02 (0.06)0.38 (0.05) e1. Using technology to process health information

0.05 (0.08)−0.00 (0.07)−0.02 (0.07)2. Understanding of health concepts and language

0.07 (0.06)−0.02 (0.05)0.39 (0.05)3. Ability to actively engage with digital services

−0.04 (0.07)0.12 (0.06)−0.03 (0.06)4. Feel safe and in control

0.10 (0.06)0.03 (0.06)0.25 (0.05)5. Motivated to engage with digital services

−0.02 (0.07)0.02 (0.06)0.02 (0.06)6. Access to digital services that work

0.06 (0.07)−0.01 (0.06)0.22 (0.06)7. Digital services that suit individual needs

aStandardized estimates reported; posterior SD for estimates shown in parentheses.
bAdministration format code: 0=interview, 1=paper.
cSite area code: 0=metropolitan, 1=regional.
dHealth setting code: 0=private clinic, 1=community health.
eItalicized values indicate statistically significant differences, significant if P<.025 (1-tailed).

IRT Analysis
The results of the 1-factor Bayesian models with all significant
targeted factor loadings provided evidence of unidimensionality
and local independence. Item invariance was supported by the
testing of DIF for administration format, site area, and health
setting. Measurement invariance across subgroups, including
age, sex, education, language spoken at home, and information
and communication technology use, was also established and
reported by Cheng et al [20]. Hence, the results of the CTT
analysis confirmed 3 of the 4 assumptions for IRT analysis. For

the final assumption of monotonicity, the test characteristic
curves were examined, confirming that the probability of
endorsing an item increased as the trait level increased.

Visual inspection of the item characteristic curves showed
distinct peaks for the response categories along the continuum
of the latent trait for the most likely responses, indicating
ordered thresholds for all items (Multimedia Appendix 6). The
item discrimination parameters demonstrated that items within
each scale had different sensitivities to different levels of ability.
All slopes of the item characteristic curves were steep, with the
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steepest slope observed for item 33 of scale 7 (Digital services
that suit individual needs), which also had the highest item
discrimination parameter of 5.56. The items with lower
discrimination parameters among all items were item 3 of scale
6 (Access to digital services that work; 0.86) and item 26 of
scale 2 (Understanding health concepts and language; 0.88).
However, the item characteristic curves of both items were still
considered steep. The item location parameters also showed
that items had different levels of difficulty within each scale
but were not evenly distributed for scales 2 and 4. Items 15 and
21 of scale 2 (Understanding of health concepts and language)
had very similar item location parameters of −1.19 and −1.18,
respectively. Scale 4 (Feel safe and in control) also had item
location parameters of −0.58 for item 10 and −0.54 for item 22.
The results were generally in line with the item difficulty
indexes from the CTT analysis (Multimedia Appendix 3).
Furthermore, the information function curves were evaluated
for reliability. All items provided precise information at different
levels of the latent trait, except item 14 of scale 4 (Feel safe
and in control), which provided very low information across
all levels of the trait (Multimedia Appendix 6).

Discussion

Principal Findings
This study collected and examined validity evidence based on
test content, response process, and internal structure of the eHLQ
in the Australian community health setting. Items and formats
were easy to read and use, and items were understood as
intended. The Bayesian CFA and IRT analyses confirmed the
robustness of the internal structure. However, discriminant
validity based on estimates of the 7-factor BSEM was not well
established and will require further investigation.

The cognitive interviews were successful in identifying 1
confusing term, which was revised, and the introductory page
of the questionnaire was also improved. The results combined
with observation during interviews and the survey as well as
the limited number of missing values provided a wealth of
information in support of the validity evidence on test content
and response process of the eHLQ.

The final sample size of 525 of the cross-sectional survey
provided an adequate sample size for both the CTT and IRT
analyses. Although the sample had more women and
university-educated participants than the Australian national
averages, the sociodemographic characteristics of the
participants still reflected a generally diverse sample.
Nevertheless, a quarter of the sample did not use email or look
for web-based information, showing that people with limited
use of technology or eHealth were represented in the survey.
This would ensure that the validity testing results of the eHLQ
were also applicable to people with potentially lower eHealth
literacy. In addition, the group differences in the 4 scales
identified in the administration format for paper-based and
interviews further pointed to the results that these 2 groups were
significantly different in terms of age, education, and technology
use. As such, the purpose of an interview option as a recruitment
strategy to include older people or people with lower literacy
was fulfilled. By contrast, evidence of measurement invariance

across the 2 formats confirmed that responses were not
influenced by interviewing bias or social desirability. Given a
separate analysis of this sample found that older people also
scored lower on the same 4 scales [20], the findings of the group
differences between the 2 administration formats are not
surprising. However, future studies may consider examining if
such group differences continue to persist when the interview
option is provided at random. The identified group differences
also imply that the interview option should always be available
such that older people or people with lower literacy are included
in future eHealth literacy research to ensure that they are not
being left behind in the age of digital health.

A rigorous assessment of the internal structure was undertaken
using both the CTT and IRT approaches to ensure that different
aspects of validity and reliability of the eHLQ data were
investigated. For the CTT analysis, the Bayesian approach of
applying informative priors was used. Although this modern
approach may involve more steps in testing model fit, it allows
for the hypothesis of approximate zeros for model parameters.
Instead of being constrained to exact zeros, as in the traditional
structural equation modeling approach, the approach provides
a better approximation of the real world. As such, the seven
1-factor models were found to fit the data well, confirming scale
homogeneity, while factor loadings and residual variances were
acceptable. Estimates of internal consistency reliability were
good for all scales, although scale 2 (Understanding of health
concepts and language) and scale 6 (Access to digital services
that work) were low but still fell within the acceptable range.
Test-retest reliability was also good for all scales, indicating
that the eHLQ produces stable and consistent results.

The characteristics of the test and items in accurately measuring
eHealth literacy were further supported by the IRT analysis.
The test and item characteristic curves demonstrated that
participants with higher eHealth literacy were more likely to
endorse items with agree and strongly agree. The information
function curves indicated that the items could gather reliable
and precise information across different levels of the underlying
trait. Estimates further showed that the items had generally high
sensitivity in discriminating participants with different levels
of eHealth literacy. The item locations also supported the fact
that the items represented different levels of difficulty. This is
further verified with the item difficulty indexes from the CTT
analysis, which showed the 2 estimates displaying very similar
pattern, further strengthening the evidence that the items
generally represented a range of difficulty levels of the latent
factor. The use of MIMIC models also found no or negligible
DIF for administration format, site area, and health setting,
confirming measurement equivalence of the items across formats
and settings.

Although it is noted that the Australian results are generally
similar to the Danish validity testing results reported by Kayser
et al [10], a comparison of the item location results found
otherwise. The 2 results are in contradiction such that the easiest
item in the Australian main sample is the hardest item in the
Danish context for most of the scales. For example, in scale 1
(Using technology to process health information), item 7 is the
easiest item for the Australian sample, but it is the hardest item
for the Danish data set. As the Danish study does not report on
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CTT item difficulty estimates, it cannot be used to calibrate
with the Australian results. This may be due to people’s different
practices in using and accessing digital health between the 2
countries, as Denmark has much more regular users of
web-based health systems than Australia. The real reason behind
the differences is difficult to speculate and future investigation
(eg, using cognitive interviewing specifically focused on the
levels of response to items with contrasting difficulties in the
2 countries) may shed more light on the discrepancy.

Following the 1-factor models, a subsequent 7-factor model
using informative priors for cross-loadings and residual
covariances demonstrated excellent model fit of the factor
structure, as hypothesized by the questionnaire developers. All
target loadings were significant with acceptable factor loadings,
and there was also no significant cross-loading for the chosen
model of interest. Although the chosen model of interest has
informative priors different from the chosen model of the Danish
validity testing, the Australian data analyses generally replicate
the Danish results, strengthening the evidence of the internal
structure of the eHLQ.

A possible weakness in the psychometric properties of the eHLQ
may be its discriminant validity. The AVE estimates suggested
a lack of clear discrimination among all the scales except for
scale 2 (Understanding of health concepts and language) and
scale 4 (Feel safe and in control). Although AVE estimates
were not investigated in the Danish validity testing, the high
interfactor correlations between scales 1 and 5 and scales 6 and
7 in the Danish validity testing also suggested possible
insufficient discrimination among those factors, and it was
speculated that there might be some causal relationships among
these scales [10]. However, the test developers argued that
content analysis of the views of patients and professionals during
development confirmed that these factors were indeed different
constructs and decided to keep the 7 dimensions in the final
model. Further investigation of discriminant validity is
warranted in future validity testing of the tool.

This study provided robust validity evidence of inferences drawn
from the eHLQ when used in the diverse Australian community

health settings. As this study was undertaken before the
COVID-19 pandemic, which sees an increased acceptance and
use of telehealth [60] as well as the widespread of
misinformation and disinformation on social media [1], the
eHLQ will be a useful tool for health care providers, researchers,
digital health developers, and policy makers to better understand
the eHealth literacy needs of individual patients and different
population groups. The insights gained will help develop,
implement, and evaluate digital health interventions that suit
the needs of users to promote health and equity.

Limitations
A possible limitation to the validity evidence is that the sample
involved only participants who spoke and understood English
well. Although the eHLQ is one of the first questionnaires
developed simultaneously in 2 languages to minimize cultural
references, both languages are from Western culture with
generally well-developed national health care systems. How
the psychometric properties perform in other cultural groups
and countries is not clear. Future research on the eHLQ should
include validity testing in cross-cultural settings including in
different contexts and use. The Danish validity testing study
was undertaken in the community setting involving the general
population. However, this study only included people attending
community health services. Future testing of the eHLQ in other
Australian settings may strengthen the validity evidence of the
tool for the general population.

Conclusions
The evidence presented in this study suggests that the eHLQ is
a tool with robust psychometric properties. There is support for
test content, and the items are understood as intended. Although
there are potential weaknesses in discriminant validity, it is
reasonable to suggest that the items can provide valid and
reliable assessment of the 7 constructs of eHealth literacy in the
diverse Australian health settings. The eHLQ is ready to be used
to identify eHealth literacy strengths and challenges and assist
the development of digital health interventions to ensure that
people with limited digital access and skills are not being left
behind.
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Abstract

Background: The 36-Item Short Form Health Survey (SF-36) is a popular questionnaire for measuring the self-perception of
quality of life in a given population of interest. Processing the answers of a participant comprises the calculation of 10 scores
corresponding to 8 scales measuring several aspects of perceived health and 2 summary components (physical and mental).
Surprisingly, no study has compared score values issued from a telephone interview versus those from an internet-based
questionnaire self-completion.

Objective: This study aims to compare the SF-36 score values issued from a telephone interview versus those from an
internet-based questionnaire self-completion.

Methods: Patients with an internet connection and returning home after hospital discharge were enrolled in the SENTIPAT
multicenter randomized trial on the day of discharge. They were randomized to either self-completing a set of questionnaires
using a dedicated website (internet group) or providing answers to the same questionnaires administered during a telephone
interview (telephone group). This ancillary study of the trial compared SF-36 data related to the posthospitalization period in
these 2 groups. To anticipate the potential unbalanced characteristics of the responders in the 2 groups, the impact of the mode
of administration of the questionnaire on score differences was investigated using a matched sample of individuals originating
from the internet and telephone groups (1:1 ratio), in which the matching procedure was based on a propensity score approach.
SF-36 scores observed in the internet and telephone groups were compared using the Wilcoxon-Mann-Whitney test, and the score
differences between the 2 groups were also examined according to Cohen effect size.

Results: Overall, 29.2% (245/840) and 75% (630/840) of SF-36 questionnaires were completed in the internet and telephone
groups, respectively (P<.001). Globally, the score differences between groups before matching were similar to those observed
in the matched sample. Mean scores observed in the telephone group were all above the corresponding values observed in the
internet group. After matching, score differences in 6 out of the 8 SF-36 scales were statistically significant, with a mean difference
greater than 5 for 4 scales and an associated mild effect size ranging from 0.22 to 0.29, and with a mean difference near this
threshold for 2 other scales (4.57 and 4.56) and a low corresponding effect size (0.18 and 0.16, respectively).

Conclusions: The telephone mode of administration of SF-36 involved an interviewer effect, increasing SF-36 scores.
Questionnaire self-completion via the internet should be preferred, and surveys combining various administration methods should
be avoided.

Trial Registration: ClinicalTrials.gov NCT01769261; https://www.clinicaltrials.gov/ct2/show/record/NCT01769261
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Introduction

The 36-Item Short Form Health Survey (SF-36) is a popular
questionnaire for measuring the self-perception of quality of
life (QoL) in a given population of interest [1-3]: a query
exploring the presence of the term SF-36 in the title or the
abstract of PubMed records retrieved 22,184 documents on
September 28, 2021. SF-36 has been made available in 50
different languages, including French [4]. Although the SF-36
was initially developed as a paper-pencil format
auto-questionnaire, the use of telephone interviews has also
been reported for collecting SF-36 data [5-8]. Self-completion
via the internet has been reported as a validated administration
mode by Bell and Kahn [9] in 1996, and since then, with the
spread of the internet and computers, several other computerized
or internet-based formats have been applied in different studies
[10-12].

Several randomized trials compared the SF-36 scores issued
from different administration modes, such as paper versus the
internet [13-17] or telephone versus paper [18-26]. Telephone
interview is a common mode of questionnaire administration
for several reasons, including the potential to increase response
rate [24-26], practical convenience if other data of the study are
already being collected via telephone, and exploring QoL in
some special populations such as older patients. On the other
hand, self-completion via the internet has advantages such as
avoiding any potential response bias related to the interviewer
effect [18], being potentially a simpler organization for
collecting SF-36 data, and being associated with lower costs.
However, and surprisingly, to our knowledge, no study has
compared telephone interview and internet-based
auto-questionnaire methods for collecting SF-36 data to
investigate whether they can be used as alternative methods in
mixed mode data collection procedures according to participant
preferences and minimize the possible selection bias. This study
investigated such questions in detail, owing to the availability
of SF-36 data that had been collected in a multicenter
randomized trial.

The SENTIPAT trial [27] explored the concept of sentinel
patients who would voluntarily report their health evolution on
a dedicated website. Participants enrolled in this trial were
randomized to either the internet or the telephone group; patients
in the internet group were invited to self-complete questionnaires
on their health evolution after their hospital discharge via a
dedicated website, whereas patients in the telephone group were
invited to complete the same questionnaires through telephone
interviews. However, 2 previous studies issued from the
SENTIPAT trial have been reported: the first introduced an
original questionnaire developed in the SENTIPAT study to
investigate the opinion of patients about the organization of
their hospital discharge [28], and the second introduced the
I-Satis questionnaire, a questionnaire that was distributed in

hospitals at a national level in France to investigate patient
satisfaction at the time of the SENTIPAT trial [29]. As the SF-36
questionnaire was also included in the SENTIPAT trial, the
corresponding collected data were a perfect opportunity to
precisely investigate the influence of the mode of administration
of the questionnaire on SF-36 scores. This investigation is the
aim of the ancillary study of the SENTIPAT trial reported here.

Methods

This research was an ancillary study of the multicenter,
randomized SENTIPAT trial [27]. We took advantage of the
trial to investigate the impact of the mode of administration of
the SF-36 questionnaire on SF-36 scores.

Population
Briefly, as previously reported [28,29], participants recruited
consecutively from 5 different volunteer units
(hepatogastroenterology, gastrointestinal enterology and
nutrition, general and digestive surgery, infectious and tropical
diseases, and internal medicine) of the Hôpital Saint-Antoine
were enrolled in the SENTIPAT trial. Patients with internet
access at home, aged ≥18 years, not cognitively impaired and
without a behavioral disorder, speaking French, returning home
after hospitalization, and not opposed to participating in the
trial were eligible for inclusion.

Inpatients were enrolled on the day of hospital discharge by a
clinical research technician of the trial. At that time, the patients
were informed about the study. Eligible patients not opposed
to participating in the study were randomized into two parallel
groups—internet or telephone follow-up (inherently resulting
in an open-label trial)—in a ratio of 1:1. On the basis of
centralized randomization that allocated the eligible patient
either to the internet or to the telephone group through a website
and using an underlying permutation block randomization
stratified by hospital unit, a computer-generated list of
permutations was established by a statistician independent of
the study. At the time of patient inclusion, the technician also
collected baseline variables (length of stay, sex, age, relationship
status, level of education, activity, and type of insurance). The
patient was then informed and discharged with documents
explaining the corresponding questionnaire administration. A
total of 1680 eligible patients (840 randomized in the internet
group and telephone group each) were enrolled in the
SENTIPAT trial between February 25, 2013, and September 8,
2014.

Ethics Approval
The SENTIPAT study was approved by the Comité de
Protection des Personnes Île de France IX (decision CPP-IDF
IX 12-014; June 12, 2012), the Comité Consultatif sur le
Traitement de l’Information en matière de Recherche dans le
domaine de la Santé (decision 12.365; June 20, 2012), and the
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Commission Nationale de l’Informatique et des Libertés
(decision DR-2012-582; December 12, 2012). According to the
French law in force at the time of the study, the formal consent
of participants was waived and replaced by the following:
patients received full information on their participation in the
study, and the nonopposition of each participant in the study
was notified (including date of nonopposition declaration) in
the SENTIPAT study register.

Survey Administration
Patients in the internet group had access to the French version
of the SF-36 questionnaire 40 days after discharge on a website
dedicated to SENTIPAT. Oral and written instructions had been
delivered to these patients for a personal connection to the
SENTIPAT website, and they received 1 reminder email per
week for 3 weeks in case of nonresponse. Patients in the
telephone group were interviewed by telephone approximately
42 days after discharge, and the data were simultaneously
entered into the system by the interviewer using a website
interface identical to that used in the internet group. The
appointments for the telephone interviews of the patients in the
telephone group were scheduled at the moment of patient
inclusion, and up to 3 calls were tried whenever the first call
did not reach the patient.

SF-36 Questionnaire and Score Calculations
The 8 scale scores and the 2 summary scores of SF-36 were
calculated according to the Medical Outcomes Study SF-36
French scoring manual [30]. The main lines of the corresponding
process can be summarized as follows. The SF-36 questionnaire
is composed of 36 items. Completion of the SF-36 questionnaire
consists in choosing one of the proposed precoded answers for
each of the 36 items in the questionnaire. The analysis of 35
items (an item that relates to the evolution of perceived health
is not involved in any score calculation) comprises a structured
calculation of 10 scores corresponding to 8 scales measuring
several aspects of perceived health and 2 summary components.
The eight scales and the corresponding number of questionnaire
items involved are as follows: physical functioning (10 items),
role-physical (RP; corresponding to role limitations because of
physical problems; 4 items), bodily pain (3 items), general health
(5 items), vitality (4 items), social functioning (2 items),
role-emotional (corresponding to role limitations because of
emotional problems; 3 items), and mental health (5 items). The
raw score of each scale was computed by the algebraic sum of
the corresponding item values (the values assigned to each
precoded answer were calibrated) and then normalized to a score
value ranging from 0 (lowest possible) to 100 (highest possible).
According to the recommendations, scale score calculations
were performed only if at least half of the items involved were
answered, and in such a case, missing item data were treated
with a person-specific approach that uses the average score of
the completed items on the same scale. Finally, the two
remaining scores, the physical and mental component summary
scores, were obtained by assigning predefined specific weights
to each of the 8 scale scores.

Statistical Analyses
Bivariate analyses were performed using Fisher exact test or
chi-square test of independence for categorical variables and
the Wilcoxon-Mann-Whitney test for quantitative variables.
The latter test was notably used to compare the SF-36 score
differences between the internet and telephone groups. Several
authors have discussed the task of interpreting observed
differences in terms of clinically meaningful differences [31-33].
In this study, in addition to the abovementioned statistical test,
the differences in SF-36 scores between the internet and
telephone groups were also examined using two popular
approaches: on the one hand, the effect size of the difference
was considered according to Cohen's effect size index with
corresponding small, medium, and large values at 0.2, 0.5, and
0.8, respectively [34]; on the other hand, we considered a
threshold difference of 5 points, as proposed by Ware et al [33]
for defining a clinically and socially relevant difference between
2 compared scores. The internal reliability of the SF-36 was
evaluated by Cronbach's α coefficient calculation for the 8
scales and was considered acceptable if the α value was >.7.
All statistical analyses of the study were performed using R
freeware (version 3.3.3; R Foundation for Statistical
Computing).

The difference between the observed SF-36 score estimates in
responders of the internet group and responders of the telephone
group may be mainly due to two features: (1) the difference in
the mode of administration of the questionnaire, strictly speaking
(self-completion of the patient via the internet vs completion
of a research technician via a telephone interview with the
patient), and (2) unbalanced characteristics of the individuals
in the 2 groups issued from a selection bias of the responders
(an unavoidable situation inherent to the modes of administration
of the questionnaire). Assessing the respective impact of these
2 features on the observed differences between the SF-36 scores
observed in internet and telephone responders is of primary
importance, and to get more insight into this issue, we developed
a procedure in which responders of the internet group were
matched to similar responders of the telephone group according
to their baseline characteristics, and we further examined how
the score differences between the 2 groups changed in this
matched sample, as compared with the score differences
observed in the initial unmatched populations.

Internet responders were matched to telephone responders
according to a propensity score–based procedure, and the R
package MatchIt [35] was used to match each internet responder
to the nearest telephone responder in a 1:1 ratio. The following
baseline variables were included in the logistic regression model
of the propensity score (propensity for being an internet
responder vs being a telephone responder) as independent
variables: age, length of stay, education, employment
(unemployed because of health, retired or unemployed, job
seeker, employed, and student), income, relationship status, and
type of health insurance. We also forced each pair to be strictly
identical according to three additional qualitative variables also
included in the logistic regression model as independent
variables: sex (male or female), type of hospitalization
(conventional, weekly, or day-care hospitalization), and hospital
ward (general and digestive surgery, gastroenterology and
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nutrition, hepatogastroenterology, infectious and tropical
diseases, or internal medicine).

Results

Enrollment of the Participants in the SENTIPAT Study
Figure 1 presents the flowchart of the study. The randomization
of the participants in either the internet or telephone group

yielded the enrollment of 840 participants to the SENTIPAT
study in each arm. Table 1 shows the baseline characteristics
of the patients who constituted the population investigated in
this study in each group and according to the responder or
nonresponder status of the participants.

Figure 1. Flow of participants through the study. SF-36: 36-Item Short Form Health Survey.
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Table 1. Demographic characteristics of responders and nonresponders in the internet and telephone groups (N=1640).

TelephoneInternetFeature

Nonresponders
(n=210)

Responders (n=630)Nonresponders
(n=595)

Responders (n=245)

Sex, n (%)

103 (49)254 (40.3)269 (45.2)109 (44.5)Female

107 (51)376 (59.7)326 (54.8)136 (55.5)Male

Age (years)

43.847.246.649.5Values, mean

41 (30-54)47 (34-58)47 (33-59)50 (37-61)Values, median (IQR)

Length of stay (days)

4.14.04.04.0Values, mean

1 (1-6)1 (1-5)1 (1-5)1 (1-5)Values, median (IQR)

Type of hospitalization, n (%)

91 (43.3)269 (42.7)256 (43)102 (41.6)Conventional

103 (49.1)297 (47.1)285 (47.9)120 (49)1-day stay

16 (7.6)64 (10.2)54 (9.1)23 (9.4)Week stay

Ward, n (%)

44 (21)161 (25.6)138 (23.2)67 (27.3)General and digestive surgery

59 (28.1)147 (23.3)139 (23.4)65 (26.5)Gastroenterology and nutrition

29 (13.8)75 (11.9)75 (12.6)28 (11.4)Hepatogastroenterology

45 (21.4)160 (25.4)150 (25.2)55 (22.4)Infectious and tropical diseases

33 (15.7)87 (13.8)93 (15.6)30 (12.2)Internal medicine

Employment, n (%)

132 (63.2)375 (59.5)353 (59.3)158 (65)Currently employed

15 (7.2)47 (7.5)43 (7.2)17 (7)Job seeker

29 (13.9)101 (16)98 (16.5)47 (19.3)Retired

17 (8.1)48 (7.6)38 (6.4)6 (2.5)Student

11 (5.3)49 (7.8)48 (8.1)11 (4.5)Does not work because of health

4 (1.9)8 (1.3)9 (1.5)2 (0.8)Without work

1 (0.5)2 (0.3)6 (1)2 (0.8)Other

Type of employment, n (%)

0 (0)0 (0)1 (0)0 (0)Farmer

11 (5.3)27 (4.3)25 (4.2)4 (1.6)Self-employed or trader

49 (23.4)159 (25.2)135 (22.7)80 (32.7)Manager

31 (14.8)105 (16.7)91 (15.3)39 (15.9)Intermediate profession

55 (26.3)123 (19.5)135 (22.7)52 (21.2)Middle-class occupation

8 (3.8)25 (4)20 (3.4)5 (2)Employee

22 (10.5)92 (14.6)83 (13.9)42 (17.1)Worker

33 (15.8)99 (15.7)105 (17.6)23 (9.4)No work

Level of education, n (%)

31 (14.8)47 (7.5)58 (9.7)18 (7.3)Primary or less

60 (28.7)178 (28.3)193 (32.4)75 (30.6)High school

33 (15.8)94 (14.9)95 (16)37 (15.1)Superior short time

J Med Internet Res 2022 | vol. 24 | iss. 3 |e29009 | p.745https://www.jmir.org/2022/3/e29009
(page number not for citation purposes)

Açma et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


TelephoneInternetFeature

Nonresponders
(n=210)

Responders (n=630)Nonresponders
(n=595)

Responders (n=245)

85 (40.7)311 (49.4)249 (41.8)115 (46.9)Graduate or postgraduate

Relationship status, n (%)

121 (57.9)293 (46.5)291 (48.9)103 (42)Living alonea

88 (42.1)337 (53.5)304 (51.1)142 (58)Living as a coupleb

Income level (€),c n (%)

10 (4.8)31 (4.9)28 (4.7)6 (2.4)<450

11 (5.3)31 (4.9)37 (6.2)3 (1.2)450-1000

17 (8.1)51 (8.1)61 (10.3)17 (6.9)1000-1500

27 (12.9)78 (12.4)75 (12.6)34 (13.9)1500-2100

25 (12)66 (10.5)70 (11.8)26 (10.6)2100-2800

28 (13.4)108 (17.1)79 (13.3)44 (18)2800-4200

16 (7.7)82 (13)64 (10.8)43 (17.6)≥4200

75 (35.9)183 (29)181 (30.4)72 (29.4)No response

Type of insurance, n (%)

8 (3.8)24 (3.8)26 (4.4)2 (0.8)State medical help or universal health insurance

26 (12.4)43 (6.8)43 (7.2)15 (6.1)Compulsory health insurance

175 (83.7)563 (89.4)526 (88.4)228 (93.1)Compulsory health insurance plus complementary pri-
vate health insurance

aSingle, widowed, divorced, or separated.
bMarried, living together under a civil solidarity pact, or simply living together without legal ties.
c€1 (in 2013)=US $0.71 (in 2022).

Response Rate, Delay of Questionnaire Completion,
and Internal Validity of Questionnaire Completion
The response rate observed in the intervention group (245/840,
29.2%) was significantly lower (P<.001) than that observed in
the telephone group (630/840, 75%). The median (IQR) delay
between hospital discharge and questionnaire completion was
42 (40-46) and 42 (42-46) days in responders of the internet
and telephone groups, respectively.

In terms of internal validity of questionnaire completion,
Cronbach's α values calculated for each of the 8 scales
comprising the SF-36 form in the internet and telephone groups
(Multimedia Appendix 1) were all >.7, which is the threshold
value considered as acceptable.

Assessment of the Procedure Matching the Responders
of the Internet Group With Responders of the
Telephone Group
The matching procedure matched the 245 responders in the
internet group (no individual was dropped) with 245 individuals
in the telephone group. The standardized mean difference of
the global distance between internet and telephone groups was
0.4167 and 0.0215 before and after matching, respectively, with
a corresponding balance improvement of 95%. Figure 2 details
the standardized mean differences between the internet and
telephone groups observed on baseline variables before and
after the matching procedure. The differences between the
internet and telephone groups before matching were globally
dramatically decreased after matching, indicating that the
matching procedure successfully yielded two populations,
internet and telephone, which were highly comparable in terms
of the baseline variables.
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Figure 2. Differences in baseline variables between the internet and telephone responders before and after the matching procedure.

SF-36 Score Differences According to the Mode of
Administration of the Questionnaire
Figure 3 shows the differences between the internet and
telephone groups, before and after matching, for the 8 scales
and the 2 summary measures composing SF-36. Figure 3
indicates that the matching procedure had a limited impact on

the differences observed between the internet and telephone
groups in each of the components of SF-36; regardless of the
value of the difference before matching, the corresponding
difference after matching appeared similar. Importantly, the
means observed in the telephone group were all above the
corresponding values observed in the internet group.

Figure 3. Observed mean score differences (telephone–internet) of SF-36 scales and summary components before and after matching. SF-36: 36-Item
Short Form Health Survey.

Table 2 details the results observed after matching. The mean
difference between the internet and telephone groups was >5

(threshold recommended for declaring that the difference
corresponds to a significant clinical status) for four scales (RP,
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social functioning, role-emotional, and mental health) with an
associated effect size ranging from 0.22 to 0.29, close to the
value of 0.2, which is defined as a small effect size by Cohen.
Moreover, the difference approached this threshold for 2 other
scales (4.57 and 4.56 for physical functioning and bodily pain,
respectively), with small corresponding effect size, 0.18 and
0.16, respectively. The abovementioned 6 differences were all

statistically significant (Table 2). In contrast, the observed mean
difference between telephone and internet was low for the
remaining 2 scales (0.04 and 0.82 for general health and vitality,
respectively) and not significant. When examining the physical
and the mental component summary, the difference was 0.99
and 2.72, respectively, the latter difference being statistically
significant and with an associated effect size at 0.25.

Table 2. The 36-Item Short Form Health Survey scores in the internet and telephone groups after matching (N=245 each).

Score difference (telephone−internet)Score, mean (95% CI)Score, mean (SD)Score, median (IQR)Scale or component summary and
group

Effect sizeMean differenceP value

0.184.57.02Physical functioning

76.08 (72.92-79.08)76.08 (24.56)85 (65-95)Internet

80.65 (77.47-83.71)80.65 (24.93)90 (70-100)Telephone

0.229.39.002Role-physical

51.53 (46.22-56.73)51.53 (41.67)50 (0-100)Internet

60.92 (55.31-66.43)60.92 (44.59)100 (0-100)Telephone

0.164.56.045Bodily pain

66.84 (63.55-70.11)66.84 (26.12)72 (41-100)Internet

71.40 (67.42-75.40)71.40 (32.23)84 (41-100)Telephone

0.000.04.99General health

55.10 (52.57-57.65)55.10 (20.47)57 (42-72)Internet

55.15 (51.96-58.34)55.15 (25.90)57 (37-77)Telephone

0.040.82.57Vitality

48.29 (45.78-50.80)48.29 (20.16)50 (35-65)Internet

49.10 (46.41-51.78)49.10 (21.30)50 (35-65)Telephone

0.297.96<.001Social functioning

71.17 (68.16-74.18)71.17 (24.27)75 (50-100)Internet

79.13 (75.15-82.96)79.13 (31.24)100 (62.5-100)Telephone

0.259.93.002Role-emotional

67.89 (63.13-72.65)67.89 (39.04)100 (33.33-100)Internet

77.82 (72.79-82.59)77.82 (39.84)100 (66.66-100)Telephone

0.265.01.002Mental health

63.56 (61.21-65.91)63.56 (18.77)64 (52-80)Internet

68.57 (65.94-71.10)68.57 (20.20)72 (56-84)Telephone

0.090.99.18Physical component summary

44.48 (43.20-45.75)44.48 (10.04)44.95 (37.27-53.30)Internet

45.47 (44.09-46.82)45.47 (11.05)48.33 (37.81-54.43)Telephone

0.252.72.02Mental component summary

44.68 (43.34-46.01)44.68 (10.62)47.49 (35.37-52.60)Internet

47.40 (46.01-48.76)47.40 (11.15)50.86 (41.81-55.50)Telephone
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Discussion

The Opportunity to Investigate the Influence of the
Mode of Administration of the Questionnaire on SF-36
Scores
To our knowledge, this study is the first reported to date to
compare SF-36 questionnaire data collected either via telephone
interviews or via self-completion on a dedicated internet website.
More precisely, the availability of SF-36 data collected in the
SENTIPAT trial provided a perfect opportunity to precisely
investigate the influence of the mode of administration of the
questionnaire on SF-36 scores. This investigation was the aim
of the ancillary study of the SENTIPAT trial reported here and
constitutes the major contribution of our report. This
investigation has benefited from 3 main strengths. First, the
study is based on a randomized trial with a substantial number
of patients included in both arms. Second, the population under
study had a large patient case mix variability because of the fact
that patients originated from 5 very different hospital wards.
The third strength of the study is the construction of a matched
subsample of comparable responders in the 2 arms according
to baseline variables to mitigate the impact of an unavoidable
selection bias of responders as much as possible.

Principal Findings
Figure 2 shows that the matching procedure highly succeeded
in composing a sample of similar match-paired patients;
however, the very modest impact of this matching procedure
on modifying the initial score differences between the scores
in the internet and telephone groups (Figure 3) highly suggests
that the score differences between internet and telephone groups
are mainly attributable to the mode of administration, strictly
speaking, with a minor impact of selection bias issues. In
addition, and importantly, the scores in the telephone group
were always higher than those in the internet group (Figure 3;
Table 2), likely reflecting another type of bias associated with
the telephone interview mode of administration: the interviewer
effect.

For all but 2 out of 8 scales, the mean difference in scores
between the groups was statistically significant and >4.5 points
(Table 2), and several comments have to be made about this
statement. It is worth recalling that misinterpretations of P
values are very common [36,37]. A statistically significant score
difference was not systematically considered as meaningful by
the authors [38,39], and Ware et al [33] had initially proposed
a 5-point difference between 2 SF-36 scores as a threshold value
for a clinically and socially relevant difference. In our view,
considering effect size is an appropriate approach for examining
the relevance of score differences as such a perspective takes
into account the variability of the measures and not only a rough
mean difference threshold. Interestingly, as shown in Table 2,
even if there were substantial mean score differences between
the 2 different modes of administration in most of the scales,
these differences were all related to a small effect size in 8 scales
and in 2 component summaries of SF-36 according to the effect
size index classification proposed by Cohen [34]. Cohen defined
the small effect size as “noticeably smaller than medium which
represents an effect visible to naked eye of a careful observer

but also not so small as to be trivial.” On the one hand, the effect
size perspective considerably softens the observed differences
between the internet and telephone groups and raises concerns
about the relevance of considering a mean difference of 5 points
as the main critical element of comparison between 2 scores.
Moreover, our analyses also indicate that in studies involving
a substantially variable population, only very large mean
differences in scores would be considered meaningful when
adopting the effect size perspective, highly limiting the
usefulness of SF-36 in such studies. On the other hand, some
mean differences in scores observed in our study and most likely
attributable to the interviewer effect are not negligible. For
example, in patients with chronic hepatitis C, Younossi et al
[40] reported a mean value of the RP scale at 74.4 and 79.6 in
patients with advanced and none to mild fibrosis, respectively
(P=.002). Therefore, the differences for the RP scale, likely
attributable to the SF-36 mode of administration observed in
this study (51.5 and 60.9 in the internet and telephone groups,
respectively; P=.002; Table 2), are at least comparable with
those attributable to substantially different health states reported
in other studies.

Limitations
The main limitation of the study concerns the selection bias
related to responder status in both arms; however, such a bias
is inherent to the 2 corresponding modes of administration, and
this bias is likely different from one mode of administration to
the other. In this study, selection biases were mitigated as much
as possible by conducting a part of the analyses in a matched
subpopulation of responders. A detailed analysis comparing the
scores observed in the whole set of responders (before matching)
and in a subpopulation enhancing the similarity of the compared
individuals (after matching) constitutes an important strength
of the study. Our results evidence an interviewer effect, which
artificially increased SF-36 scores when the questionnaire was
administered through a telephone interview. Therefore, the
telephone interview as a mode of administration of SF-36
cumulates two types of bias: the unavoidable associated
selection bias of responders and the interviewer effect, which
is discussed in more detail in the following sections. In general,
several methods can be used for mitigating the selection bias
of responders as much as possible: one takes advantage of the
distribution of baseline values observed in the responders and
nonresponders to correct initial responder estimates to estimates
more representative of the whole population under study [41].
In contrast, the interviewer effect raises many more concerns
as the corresponding bias cannot be removed.

For the rest, some of the estimates reported here raise concerns
in terms of generalizability and should only be viewed as minor
side results that were required in the global process of the main
goal of the study, which was to investigate the impact of the
mode of administration of the SF-36 questionnaire on the
collected scores. For example, the response rates reported here
should not be considered emblematic of the corresponding
modes of administration of the questionnaires. As detailed below
in the Response Rates According to the Mode of Administration
subsection, response rates reported in any study, including ours,
are hardly generalizable as such rates likely depend on many
characteristics of the survey design. Similarly, the reader should
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keep in mind that the SF-36 scores collected here reflect the
QoL of a particular population of patients admitted in 5
departments of a French university hospital, and these scores
are not generalizable to other populations.

Comparison With Prior Works

Interviewer Effect
To our knowledge, this study is the only one to date that
compared modes of administration of SF-36 on a matched
sample of responders to mitigate—as much as possible—the
inherent lack of initial comparability of responders according
to the mode of administration of the questionnaire. Nevertheless,
our results are in agreement with previous studies that reported
higher SF-36 scores when administered by telephone than those
issued from a mailed paper mode of administration
[18,21,22,24-26]. Similarly, Lyons et al [42,43] reported higher
scores issued from a face-to-face interview administration than
those issued from a mailed paper self-completion of the SF-36
questionnaire. Altogether, our results and those of previous
studies suggest that as compared with patients’ self-completion,
the introduction of an interviewer likely acts as a veil that
somehow embellishes patients’ QoL-reported perception.
Internet self-completion avoids any potential bias of responses
related to an interviewer effect [44], and patients are more likely
to freely express their opinions [45] on websites covering
anonymity than through telephone. Therefore, self-completion
(internet or paper) should be preferred for collecting SF-36 data,
as the involvement of a third party appears to artificially increase
the scores. In any case, our study indicates that an accurate
comparison of different scores requires at least avoiding modes
of administration of SF-36 mixing self-completion and
interview.

Response Rates According to the Mode of Administration
Despite the reminders sent to the patients, the internet group
response rate (245/840, 29.2%) to the survey was dramatically
lower than that of the telephone group (630/840, 75%).
Blumenberg and Barros [46] explored the response rate
differences between web and alternative data collection methods
for public health research; considering the 9 papers comparing
web self-completion with telephone and with a sample size
>100, which were selected in their review, the median and range
of the response rates reported for web and telephone were 23%
and 2% to 68% and 40% and 8% to 71%, respectively. Similarly,
a recent meta-analysis comparing response rates of web surveys
with those obtained with other modes of administration [47]
indicated that the results were stable when compared with a
similar analysis conducted 10 years earlier: web surveys still
yielded lower response rates than other modes, with a mean
difference of 12% and large heterogeneity in the differences
observed. No study compared telephone and internet
administration modes for SF-36; however, the participation
rates reported in studies that compared several modes of
administration of SF-36 substantially varied from one study to
another. For example, the response rate with the telephone was
significantly higher than that with postal mail in the study by
Wettergren et al [26] (77% and 63%, respectively; P<.001), as
well as in the study by Perkins and Sanson-Fisher [24] (85%

and 68%, respectively; P<.001), whereas corresponding response
rates were similar in the study by McHorney et al [23] (65.3%
and 65.1%, respectively; P=.68) and in the study by Bursik et
al [18] (71% and 68%, respectively; P=.48). In addition, the
participation rate observed in our study in the internet group
was close to that of Basnov et al [13], who reported a lower
response rate in the internet group than that observed in the
paper group (23% vs 76%, respectively).

In our view, the numeric value of the difference between the
response rates observed in the 2 modes of administration of the
present survey should be considered as a minor side result.
Indeed, the heterogeneity of the comparisons reported in reviews
[46,47] mostly reflects the fact that the differences between
response rates collected via the internet versus other methods
of administration reported in any survey are difficult to interpret
and are not generalizable at all: the modes of administration
include underlying elements of the whole survey process for
which the impact on participation rate is hardly assessable or
even describable, such as the internet website design in terms
of its attractiveness or convenience or the detailed procedure
for reaching participants by telephone. For example, the
relatively high rate of participation in the telephone group
observed in this study is likely related to the fact that the
schedule of the telephone interview was arranged with each
participant at the moment of his or her enrollment, and
moreover, up to 3 calls were tried whenever the participant was
not reached at the first phone call. In addition, many other
features, such as the age distribution of the target population of
the survey, might influence the observed response rates
according to the mode or modes of administration of the
questionnaire. In the end, internet use and use of telephones
have evolved considerably since the completion of the
SENTIPAT study. Such changes include not only technological
aspects but also the growing importance of the abovementioned
uses for many purposes throughout society. In particular, the
COVID-19 crisis had a substantial impact on such matters
[48,49]. Therefore, these changes are an additional element for
limiting the interest in the intrinsic value of response rates, and
it would be hazardous to consider that the participation rates in
any web and telephone survey made before the COVID-19
period would be replicable whenever a similar survey would
be conducted nowadays.

Conclusions
As compared with the mode of administration based on
telephone interviews, the response rate of volunteer patients
communicating their SF-36 data via the internet was much
lower; however, our study indicates that a substantial proportion
of hospitalized patients volunteered to actively document their
health data via the internet. Most of all, the study indicates that
the telephone interviewer might be viewed as an intermediate
subjective pattern in the collection of patient data, resulting in
a nonnegligible increase in SF-36 scores. Therefore,
self-administration of SF-36 should be preferred, including via
the internet, which is likely a low-cost method. Importantly, the
results of this study also strongly advocate avoiding the
conduction of surveys combining methods of SF-36
administration that mix self-reporting and interviews.
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Abstract

Background: Accurate prediction of survival is crucial for both physicians and women with breast cancer to enable clinical
decision making on appropriate treatments. The currently available survival prediction tools were developed based on demographic
and clinical data obtained from specific populations and may underestimate or overestimate the survival of women with breast
cancer in China.

Objective: This study aims to develop and validate a prognostic app to predict the overall survival of women with breast cancer
in China.

Methods: Nine-year (January 2009-December 2017) clinical data of women with breast cancer who received surgery and
adjuvant therapy from 2 hospitals in Xiamen were collected and matched against the death data from the Xiamen Center of
Disease Control and Prevention. All samples were randomly divided (7:3 ratio) into a training set for model construction and a
test set for model external validation. Multivariable Cox regression analysis was used to construct a survival prediction model.
The model performance was evaluated by receiver operating characteristic (ROC) curve and Brier score. Finally, by running the
survival prediction model in the app background thread, the prognostic app, called iCanPredict, was developed for women with
breast cancer in China.

Results: A total of 1592 samples were included for data analysis. The training set comprised 1114 individuals and the test set
comprised 478 individuals. Age at diagnosis, clinical stage, molecular classification, operative type, axillary lymph node dissection,
chemotherapy, and endocrine therapy were incorporated into the model, where age at diagnosis (hazard ratio [HR] 1.031, 95%
CI 1.011-1.051; P=.002), clinical stage (HR 3.044, 95% CI 2.347-3.928; P<.001), and endocrine therapy (HR 0.592, 95% CI
0.384-0.914; P=.02) significantly influenced the survival of women with breast cancer. The operative type (P=.81) and the other
4 variables (molecular classification [P=.91], breast reconstruction [P=.36], axillary lymph node dissection [P=.32], and
chemotherapy [P=.84]) were not significant. The ROC curve of the training set showed that the model exhibited good discrimination
for predicting 1- (area under the curve [AUC] 0.802, 95% CI 0.713-0.892), 5- (AUC 0.813, 95% CI 0.760-0.865), and 10-year
(AUC 0.740, 95% CI 0.672-0.808) overall survival. The Brier scores at 1, 5, and 10 years after diagnosis were 0.005, 0.055, and
0.103 in the training set, respectively, and were less than 0.25, indicating good predictive ability. The test set externally validated
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model discrimination and calibration. In the iCanPredict app, when physicians or women input women’s clinical information and
their choice of surgery and adjuvant therapy, the corresponding 10-year survival prediction will be presented.

Conclusions: This survival prediction model provided good model discrimination and calibration. iCanPredict is the first tool
of its kind in China to provide survival predictions to women with breast cancer. iCanPredict will increase women’s awareness
of the similar survival rate of different surgeries and the importance of adherence to endocrine therapy, ultimately helping women
to make informed decisions regarding treatment for breast cancer.

(J Med Internet Res 2022;24(3):e35768)   doi:10.2196/35768

KEYWORDS

app; breast cancer; survival prediction model; iCanPredict

Introduction

Accurate prediction of survival will help both physicians and
women with breast cancer to determine the type of surgery and
the adjuvant therapy that are beneficial for these women [1].
Physicians usually make survival predictions and adjuvant
therapy formulations according to the clinical characteristics of
women with breast cancer, such as age, tumor size, clinical
stage, hormone receptor status, and molecular characteristics,
in addition to their own clinical experience [1-3]. The predicted
adjuvant benefit is achieved by calculating the percentage
improvement in the predicted survival rate after adjuvant
treatment [1].

Currently, some survival prediction tools are widely used, such
as PREDICT [1,4] and Adjuvant! Online [5-9]. PREDICT was
developed based on clinical data of women with breast cancer
collected from East Anglia (UK) between 1999 and 2003 [1,4],
and Adjuvant! Online was developed based on data at the
Netherlands Cancer Institute from 1987 to 1998 [5-9]. Studies
have shown that such prediction tools underestimated or
overestimated the survival rate of women with breast cancer,
especially in Asia [10-12]. Differences in access to health care
and the quality of existing health care among countries are
possible reasons [13].

In China, the practice of surgery for breast cancer markedly
differs from that in Western countries. A national survey
reported that breast-conserving surgery accounted for 22% of
surgeries in China [14], in contrast to 64.5% in the United States
[15], despite the similar survival rates of breast-conserving
surgery and mastectomy for women with early stage breast
cancer [16,17]. Furthermore, some recent studies have shown
that breast-conserving surgery has higher breast cancer–specific
and overall survival rates than mastectomy [18]. The insufficient
and unbalanced medical resources, information disparity
between physicians and women with breast cancer, distrust of
breast-conserving surgery by some physicians and women, and
fear of recurrence are important reasons for the low rate of
breast-conserving surgery in China [14]. In addition, for women
with breast cancer in China who had received adjuvant endocrine
therapy, the nonpersistence rates ranged from 5.9% to 22.6%
in years 1-5, and the rate of low compliance ranged from 2.1%
to 11.2% [19]. The low compliance with endocrine therapy may
be partially explained by inadequate information and social
support [19-23]. Therefore, demonstrating the similar survival
rate of different surgeries and the efficacy of adherence to

endocrine therapy may help physicians and women with breast
cancer make better clinical decisions.

In 2020, the popularity of mobile phones in China exceeded 1
per person [24], and 920 million people could surf the internet
using mobile phones [25]. Further, WeChat, a popular mobile
phone platform, has over 1 billion monthly active users in China
[26]. The Mini app, one of the functionalities of WeChat,
provides an easily accessible platform to present the Chinese
survival prediction model for women with breast cancer.

To the best of our knowledge, no prognostic app has been
designed and applied to women with breast cancer in China.
Such survival prediction tools would be beneficial to help
physicians and women with breast cancer obtain and understand
the survival rate of different surgeries and adjuvant therapy,
thereby enabling better clinical decision making. The aim of
this study is to develop and validate a prognostic app to predict
the overall survival of women with breast cancer in China.

Methods

Study Design
A retrospective design was applied. All samples were randomly
divided (7:3 ratio) into a training set for model construction and
internal validation, and a test set for model external validation
[27].

Study Setting and Population
Clinical data collection was conducted at 2 hospitals in Xiamen,
a tertiary hospital and a hospital for women and children health.
Data on death were collected from the Xiamen Center of Disease
Control and Prevention (CDC), which retains all death records
for Xiamen residents.

The inclusion criteria were women with breast cancer (1) who
received treatment including surgery and adjuvant therapy in
these 2 hospitals from January 1, 2009, to December 31, 2017;
and (2) who were Xiamen residents. Women who lacked
surgical and treatment information were excluded from the
analysis.

Sample Size Calculation
The pmsampsize package for Stata and R written by Riley et al
[28] was used to calculate the sample size. The 10-year mortality
rate in women with breast cancer was 0.214, and the median
follow-up was 11.7 years [6]. To target a margin of error in the
estimate of death risk of ≤0.05, a total of 680 samples were
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needed with Cox-Snell R2 statistic of 0.1 [28], assumed outcome
event rate of 0.214, follow-up of 11.7 years [6], timepoint of
interest for 10 years’ prediction, and 8 parameters (variables).

Procedure
The researchers collected clinical data of all patients with breast
cancer who received treatment at 2 participating hospitals from
January 2009 to December 2017. Further, the population
information on death for Xiamen residents from January 2009
to December 2020 was obtained from the Xiamen Center CDC.
The citizen ID number was used as the basis for matching. If
the match was successful, the death dates of those women were
recorded. If not successful, women with breast cancer were
assumed to be alive. Finally, a data set was developed for model
construction and validation.

Ethical Consideration
Ethical approvals were obtained from Research Ethics
Committees at School of Medicine, Xiamen University (number
XDYX2019008), First Hospital Affiliated to Xiamen University
(number XMDY-2020-019), and Women and Children’s
Hospital affiliated to Xiamen University (number
KY-2019-058). To protect the privacy of women with breast
cancer, data collection, entry, and processing were carried out
by 2 professional researchers. During the use of iCanPredict,
the users’ input information can only be accessed by authorized
researchers, who needed to log-in to the iCanPredict website
background thread with the protected account number and
passport. Accordingly, unauthorized personnel was prohibited
from viewing and using the clinical data and users’ input
information.

Data Collected
Outcomes data were obtained from the medical records (January
2009-December 2017) of the 2 participating hospitals including
age at diagnosis, clinical stage (stage 0-IV), molecular
classification (luminal A, luminal B, Her-2 overexpression,
basal-like), operative type (breast conservative surgery,
mastectomy), breast reconstruction, axillary lymph node
dissection, chemotherapy, and endocrine therapy. These 2
participating hospitals used the TNM clinical stages from the
American Joint Committee on Cancer, which are determined
by tumor size (T), lymph node metastasis (N), and distant
metastasis (M) [29].

Xiamen residents’ death information from January 1, 2009, to
December 15, 2020, was collected from the Xiamen Center
CDC. Women’s citizen ID number was retrieved from the
hospital to link women’s medical records to Xiamen residents’
death information at the Xiamen Center CDC.

Outcomes
The 5-year (or 10-year) mortality was defined as the number of
deaths divided by the total number of breast cancer cases from
the diagnosis to 5-year (or 10-year) follow-up. The outcome
event was the death of women with breast cancer from January
1, 2009, to December 15, 2020. The survival of women with
breast cancer at the end of follow-up was considered as a
truncated event [30].

Data Analysis
Data analysis was performed using SPSS version 25.0 (IBM)
[31] and R version 4.0.4 (R Foundation). Demographic data
were summarized using descriptive statistics. Because all
variables satisfied the proportional hazards (PH) assumption,
multivariate Cox regression analysis was used to develop a PH
regression model for time-to-event data (eg, happening of death)
and produce an equation to predict an individual’s outcome risk
on the condition of her values of multiple predictors [28].

Model Construction
The training set was used for model construction. On the basis
of the hazard ratio (HR) of each prognosis factor estimated by
multivariable Cox regression, the survival prediction model was
expressed as

where S(t) indicates the predicted survival rate of women with
breast cancer after treatment, S0(t) represents the baseline
survival rate of women with breast cancer, β is the coefficient
for each prognostic factor in the multivariable Cox regression,

X is the value of the prognosis factor, and is the mean of the
prognosis factor.

Validation
The training set was analyzed for model internal validation and
the test set was analyzed for model external validation. Model
discrimination was evaluated using the receiver operating
characteristic (ROC) curve. In general, the larger the area under
the curve (AUC), the higher the model discrimination. Further,
an AUC greater than 0.7 indicates that the model has a certain
distinctive ability. Model calibration was based on the Brier
score; the lower the Brier score, the higher the calibration
degree. When the Brier score was less than 0.25, the model
could be predicted.

Design of a Prognostic App to Predict Survival
The research team comprised researchers, statisticians, breast
cancer specialists, and app specialists at Xiamen University,
the participating hospitals, and Tung Wah College of Hong
Kong. The Xiamen Quanwu Information Service Company
(Xiamen, People’s Republic of China) undertook the technical
development and maintenance of the iCanPredict app.

iCanPredict is mainly divided into a website background thread
(back end) and the user side (front end). The website background
thread was developed to approve the users’ applications for
registration, run the survival prediction model on the basis of
the users’ input information, and track the app usage frequency
and duration. Only researchers are able to access the website
background thread with protected account number and passport.
The users’ side was developed to interact with users and present
the 10-year survival rate for women with breast cancer.

According to the Technology Acceptance Model proposed by
Davis [32], perceived ease of use and perceived usefulness are
2 decisive variables of the user’s reception of the information
system. Perceived ease of use refers to the degree of difficulty
a user perceives when using an information system [33].
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Perceived usefulness refers to the fact that users can obtain
certain values when using an information system [33]. Perceived
ease of use affects perceived usefulness and further affects users’
actual use behavior by affecting their attitudes and behaviors
[33]. To promote ease of use, the iCanPredict app was
incorporated into the functionality of WeChat, the most popular
mobile phone platform in China. Prior to implementing the
iCanPredict app, the perceived ease of use and perceived
usefulness were tested by women with breast cancer and
surgeons.

Results

Participants’Demographic and Clinic Characteristics
The clinical data of 1686 participants were collected, of which
97 lacked treatment information, leaving data on 1592
participants for model construction and validation. The training
set comprised 1114 individuals and the test set comprised 478

individuals. By December 15, 2020, 147/1592 participants died
(9.23%) and 1445/1592 (90.77%) were still alive. In this study,
the mean follow-up was 6.38 years, ranging from 0.32 to 12.35
years. The mean age at diagnosis was 49.92 (SD 11.59) years,
and most participants were diagnosed with stage II breast cancer
(733/1592, 46.04%). Luminal B-type (1059/1592, 66.52%) was
the most common molecular classification. Only 95/1592
participants (5.97%) underwent breast-conserving surgery, while
1497/1592 (94.03%) underwent mastectomy. A total of
453/1497 participants underwent breast reconstruction,
accounting for 30.26% of the participants who underwent
mastectomy and 28.45% (453/1592) of all participants. Most
participants underwent axillary lymph node dissection
(1143/1592, 71.80%), received adjuvant chemotherapy
(1305/1592, 81.97%), and received adjuvant endocrine therapy
(1007/1592, 63.25%). The demographic and clinical
characteristics of the participants in the training and test sets
are presented in Table 1.
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Table 1. Demographic and clinical characteristics of participants in the training set and the test set.a

Test set (n=478)Training set (n=1114)Total (n=1592)Characteristics

44 (9.21)103 (9.25)147 (9.23)Deaths, n (%)

434 (90.79)1011 (90.75)1445 (90.77)Patients alive, n (%)

6.32 (2.68)6.40 (2.68)6.38 (2.68)Follow-up (years), mean (SD)

50.50 (11.82)49.68 (11.48)49.92 (11.59)Age at diagnosis (years), mean (SD)

Clinical stage, n (%)

5 (1.05)21 (1.89)26 (1.63)0

161 (33.68)363 (32.59)524 (32.91)I

225 (47.07)508 (45.60)733 (46.04)II

82 (17.15)204 (18.31)286 (17.96)III

5 (1.05)18 (1.62)23 (1.44)IV

Molecular classification, n (%)

55 (11.51)160 (14.36)215 (13.51)Luminal A

336 (70.29)723 (64.90)1059 (66.52)Luminal B

64 (13.39)168 (15.08)232 (14.57)HER-2 (+)

23 (4.81)63 (5.66)86 (5.40)Basal like

Operative type, n (%)

27 (5.65)68 (6.10)95 (5.97)Breast-conserving surgery

451 (94.35)1046 (93.90)1497 (94.03)Mastectomy

Breast reconstruction, n (%)

132 (27.62)321 (28.82)453 (28.45)Yes

346 (72.38)793 (71.18)1139 (71.55)No

Axillary lymph node dissection, n (%)

333 (69.67)810 (72.71)1143 (71.80)Yes

145 (30.33)304 (27.29)449 (28.20)No

Chemotherapy, n (%)

386 (80.75)919 (82.50)1305 (81.97)Yes

92 (19.25)195 (17.50)287 (18.03)No

Endocrine therapy, n (%)

300 (62.76)707 (63.46)1007 (63.25)Yes

178 (37.24)407 (36.54)585 (36.75)No

aPercentage=number/group total number.

Initial Model Fit
The training set was used to fit the initial model. The graph
based on the standardized Schoenfeld residual method and the
–ln(–ln[survival]) test indicated that all 8 variables met the PH
assumption. A survival prediction model was constructed for
women with breast cancer (Table 2). Age at diagnosis (P=.002),
clinical stage (P<.001), and endocrine therapy (P=.02) were
identified as significant prognostic factors. The risk of death
increased by 0.031 times per year with an increase in age at

diagnosis for women with breast cancer (HR 1.031, 95% CI
1.011-1.051). When the clinical stage increased, the risk of
death in women increased by 2.044 times per stage (HR 3.044,
95% CI 2.347-3.928). Women with breast cancer receiving
endocrine therapy had a 0.407 (1–0.592) times lower risk of
death than those that did not receive endocrine therapy (HR
0.592, 95% CI 0.384-0.914). The other 5 variables, including
molecular classification (P=.91), operative type (P=.81), breast
reconstruction (P=.36), axillary lymph node dissection (P=.32),
and chemotherapy (P=.84), were not significant.
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Table 2. Hazard ratios and model coefficients for prognostic factors included in the models (n=1114).

P valueHazard ratio (95% CI)Standard errorβPrognostic factors

.0021.031 (1.011-1.051)0.010.031Age at diagnosis

<.0013.044 (2.347-3.928)0.1331.113Clinical stage

.911.017 (0.765-1.351)0.1450.016Molecular classification

.811.136 (0.410-3.145)0.520.127Operative type

.360.728 (0.372-1.426)0.343–0.318Breast reconstruction

.321.521 (0.665-3.478)0.4220.42Axillary lymph node dissection

.840.935 (0.480-1.821)0.34–0.067Chemotherapy

.020.592 (0.384-0.914)0.222–0.524Endocrine therapy

Validation Results
All statistically significant and nonsignificant factors are
included in the prediction model because all factors are clinically
significant. Further, the prediction model including
nonsignificant factors presented model discrimination and
calibration similar to those presented by the prediction model
excluding nonsignificant factors. The AUC and Brier score of
the training and test sets are presented in Tables 3 and 4,
respectively. For internal validation with the training set, the
ROC curve of the training set indicated that the model exhibited
good discrimination for predicting 1- (AUC 0.802, 95% CI

0.713-0.892), 5- (AUC 0.813, 95% CI 0.760-0.865), and 10-year
(AUC 0.740, 95% CI 0.672-0.808) overall survival (Figure
1A,C,E). The Brier scores at 1, 5, and 10 years after diagnosis
were 0.005, 0.055, and 0.103, respectively. For external
validation with the test set, except that the AUC at 10 years
after diagnosis was 0.685, the AUC values 1 and 5 years after
diagnosis were greater than 0.7, indicating that the model has
a certain distinctive ability (Figure 1B,D,F). The Brier scores
1, 5, and 10 years after diagnosis were less than 0.25, indicating
that the model calibration was also good. Therefore, the
prediction model could be used to predict survival.

Table 3. Internal validation and external validation: model discrimination (AUCa) at 1, 5, and 10 years after diagnosis.

External validationInternal validationYear

95% CIAUC95% CIAUC

0.725-0.9880.8570.713-0.8920.8021

0.634-0.8410.7380.760-0.8650.8135

0.580-0.7900.6850.672-0.8080.74010

aAUC: area under the curve.

Table 4. Internal validation and external validation: calibration (Brier) at 1, 5, and 10 years after diagnosis.

External validationInternal validationYear

95% CIBrier score95% CIBrier score

0.004-0.0250.0140.001-0.0100.0051

0.038-0.0750.0570.043-0.0670.0555

0.084-0.1560.1200.083-0.1240.10310
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Figure 1. Receiver operator characteristic (ROC) curves for breast cancer overall survival rates. (A) Training set at 1 year; (B) test set at 1 year; (C)
training set at 5 years; (D) test set at 5 years; (E) training set at 10 years; (F) test set at 10 years.

Development of Preliminary Survival Prediction for
Breast Cancer Survivors
The development of iCanPredict was based on a uniAPP
open-source free framework with separation technology for the
back end and the front end. The back end was developed using
the Java language 8 environment, IntelliJ IDEA for code
development, and Maven for service dependency management.
The front end utilized an Ant-design-VUE component for page
interaction construction under the VUE framework. Each
function in the iCanPredict app was tested multiple times to
ensure usability and stability.

A QR code was generated for the users to scan with their own
WeChat account. After downloading the iCanPredict app into
their WeChat platform, the users need apply for registration.
The researcher will approve the users’ application from the

website background thread. Each user’s mobile phone number
is set up as the unique username and an automated passport is
sent to the user’s mobile phone (changeable later). The users
do not need to pay for the access to the iCanPredict app.

iCanPredict includes 2 function modules: survival prediction
and a personal home page for women with breast cancer. The
purpose and data sources are displayed on the home page with
a statement as follows: “ iCanPredict aims to be used for
scientific research and provide the survival probability of
different treatment options. Neither the model author nor the
relevant hospitals can guarantee the calculation accuracy for
any specific patient. Any decision related to cancer treatment
should consult your physician”. Women need to click the button
“I agree” under the statement before using iCanPredict (Figure
2A).
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Figure 2. Screenshots of the iCanPredict app.

In the survival prediction model module, there are interactive
page and report page. In the interactive page, users need to input
personal information, including the year of birth, the year of
diagnosis, breast cancer clinical stage, and molecular
classification. In addition, users need to choose surgery type
(breast-conserving surgery or mastectomy), whether they will
undergo reconstruction if they choose mastectomy, whether
they will undergo axillary lymph node dissection, and whether
they will receive chemotherapy or endocrine therapy (Figure
2B). In addition, to make it easier and faster for users to learn
how to input information, there are tutorials and concept
explanations beside each concept in the input information
interface. Tutorials and concept explanations can resolve doubts
in the use process. After the completion of information input,
users need to click the button “generate report” at the bottom
of the interactive page.

In the report page, iCanPredict will present the 10-year survival
rates after surgery only, surgery plus chemotherapy, and surgery
plus chemotherapy plus endocrine therapy based on the user’s
input information. The survival rates are presented as tables and
diagrams for women with breast cancer. The tables present 5-
and 10-year survival rates, while the diagrams describe the
continuous survival rates within 10 years after primary
treatment. The predicted benefits of adjuvant chemotherapy and
endocrine therapy are represented by the percentage increase
in the predicted survival rate with differently colored curves in
the diagram for women with breast cancer who received
adjuvant therapy, compared with those who did not receive
adjuvant therapy [1] (Figure 2C).

Users can make different choices on different surgeries and
adjuvant therapies, and the corresponding survival prediction
data will be saved on their personal home page. The personal
home page module includes personal centers, problems

feedback, and history. Personal center refers to the
account-related information (nickname, avatar, basic
information, etc.), which is set up by the users themselves.
Problems feedback is an interactive platform for communication
between users and the iCanPredict developer group. Users can
provide feedback on the problems encountered in the use of
iCanPredict or provide suggestions for app improvement.
History summarizes user input information and survival
prediction data are expressed in tables and diagrams and
arranged in chronological order for users to compare the survival
rates of different surgeries and adjuvant treatments. The
flowchart of the use of iCanPredict is presented in Figure 3.

A total of 6 women with breast cancer and 2 surgeons were
invited to assess the perceived ease of use and perceived
usefulness. Of these, 2 women were aged over 60 years and
were reluctant to use the iCanPredict app. One women got
confused about her own value of molecular classification and
needed to refer to the laboratory test report to input information.
With help from the researchers to download the iCanPredict
app and explain the laboratory test, all 6 women showed great
interest in the prediction model. They appraised the iCanPredict
app’s convenience, ease of use, and ability to provide valuable
information they wanted. The 2 surgeons indicated that it was
easy to use the iCanPredict app. The surgeons expressed surprise
that mastectomy and breast conservative surgery resulted in
similar survival rates. They also suggested to add more
information to predict survivals following other treatment
options, such as immunotherapy or gene therapies. Such
therapies have been emphasized to treat women with breast
cancer in the recent years, but were not commonly applied
before. Both women with breast cancer and surgeons indicated
that it was feasible and acceptable to use the iCanPredict app
in the clinics.
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Figure 3. Flowchart of the use of the iCanPredict app.

Discussion

Principal Findings
In this study, we constructed a well-calibrated prediction model
on the basis of 9 years of clinical and death information for
women with breast cancer in Xiamen. The survival prediction
model was run in the app background thread, and the
iCanPredict prognostic app was designed and developed for
women with breast cancer in China.

iCanPredict was developed on the popular mobile phone
platform in China (WeChat), which is easily accessible and
user-friendly for both physicians and women with breast cancer
[34]. iCanPredict provides individual survival predictions and
calculates the benefits of the corresponding treatments. The
tables display the percentage of predicted survival rates for
physicians and women to compare the predicted results among
different surgeries and adjuvant therapies. The use of colored
diagrams to display the improvement in the predicted survival
rate will facilitate sophisticated and difficult discussions on
corresponding adjuvant therapies for patients [1].

Comparison With Prior Work
In our prediction model, the type of surgery was not an
independent prognostic factor for breast cancer overall survival,
which is consistent with some previous studies [16,17]. When
physicians discuss the choices of breast surgeries with women,
they may input women’s clinical data and attempt different
types of surgery in the iCanPredict app, which presents the
survival prediction rate for different surgeries in an
easy-to-understand manner. In combination with value
preferences, women may thus make better informed decisions
on surgeries [35,36].

In our prediction model, endocrine therapy was a significant
prognostic factor for overall survival, which was also supported
by the literature [37]. iCanPredict will present the benefit of
endocrine therapy based on the percentage of improvement in
the predicted survival rate if physicians or women choose
endocrine therapy. iCanPredict will provide a quick, visual
presentation, such as tables and diagrams, to inform women
about the beneficial effects of endocrine therapy.

For clinical implementation, it is recommended that women
with breast cancer use the iCanPredict together with surgeons
when making decisions on treatments. Further, cautions should
be exercised when using this iCanPredict app to guide the
decision making, considering new therapies that are constantly
emerging in recent years such as immunotherapy [38-41] or
gene-based therapies [42,43], which may affect the survival rate
of women with breast cancer.

Strengths and Limitations
iCanPredict is the first tool of its kind in China to provide
survival predictions to women scheduled to undergo breast
surgeries and corresponding adjuvant therapies. iCanPredict
was proved to have good model discrimination and calibration.
This study had several limitations. First, the sample size was
relatively small to build a prediction model, as there were only
limited number of eligible cases in the 2 participating hospitals,
which may limit the generalization of the iCanPredict app.
Second, death data from the Xiamen Center CDC did not include
specific causes of death; therefore, this study did not have
specific breast cancer survival rates, and only contained overall
survival rates. Therefore, the iCanPredict app may overestimate
the mortality of breast cancer. Third, due to the incomplete
clinical records of adjuvant endocrine therapy and adjuvant
chemotherapy treatment, we can only predict the benefits of
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adjuvant therapy by determining whether adjuvant therapy was
administered (yes vs no). In future studies, the adherence to
adjuvant endocrine therapy should be emphasized to help
clinicians and patients make accurate and individual medical
decisions.

Future Directions
Future studies need to combine the results of this study with
the financial burden of different treatments [44] and patients’
own preferences [35,36] to provide better clinical decision
support. Studies with large sample size and more comprehensive
clinical data, in combination with the medical costs related to

medical treatments and patients’value preference, are warranted
to be conducted in different countries and cultures.

Conclusions
The prediction model had good model discrimination and model
calibration to predict the overall survival of women with breast
cancer in China. iCanPredict will increase women’s awareness
of the similar survival rate of different surgeries and the
importance of adherence to endocrine therapy, ultimately
helping them make informed decisions about treatment for
breast cancer. In the long run, better choice of surgery and
increased adherence to prescribed endocrine therapy may be
attained.
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Abstract

Background: Gestational diabetes mellitus (GDM) is a common endocrine metabolic disease, involving a carbohydrate
intolerance of variable severity during pregnancy. The incidence of GDM-related complications and adverse pregnancy outcomes
has declined, in part, due to early screening. Machine learning (ML) models are increasingly used to identify risk factors and
enable the early prediction of GDM.

Objective: The aim of this study was to perform a meta-analysis and comparison of published prognostic models for predicting
the risk of GDM and identify predictors applicable to the models.

Methods: Four reliable electronic databases were searched for studies that developed ML prediction models for GDM in the
general population instead of among high-risk groups only. The novel Prediction Model Risk of Bias Assessment Tool (PROBAST)
was used to assess the risk of bias of the ML models. The Meta-DiSc software program (version 1.4) was used to perform the
meta-analysis and determination of heterogeneity. To limit the influence of heterogeneity, we also performed sensitivity analyses,
a meta-regression, and subgroup analysis.

Results: A total of 25 studies that included women older than 18 years without a history of vital disease were analyzed. The
pooled area under the receiver operating characteristic curve (AUROC) for ML models predicting GDM was 0.8492; the pooled

sensitivity was 0.69 (95% CI 0.68-0.69; P<.001; I2=99.6%) and the pooled specificity was 0.75 (95% CI 0.75-0.75; P<.001;

I2=100%). As one of the most commonly employed ML methods, logistic regression achieved an overall pooled AUROC of
0.8151, while non–logistic regression models performed better, with an overall pooled AUROC of 0.8891. Additionally, maternal
age, family history of diabetes, BMI, and fasting blood glucose were the four most commonly used features of models established
by the various feature selection methods.

Conclusions: Compared to current screening strategies, ML methods are attractive for predicting GDM. To expand their use,
the importance of quality assessments and unified diagnostic criteria should be further emphasized.

(J Med Internet Res 2022;24(3):e26634)   doi:10.2196/26634
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Introduction

According to the latest Global Diabetes Map (9th edition)
released by the International Diabetes Federation, the number
of patients with diabetes during pregnancy is increasing globally,
with about 20.4 million (15.8%) women suffering from
hyperglycemia; among them, 83.6% of cases were due to
gestational diabetes mellitus (GDM) [1]. GDM, a common
metabolic disease, is usually a transient disorder during
pregnancy that resolves at delivery. Pregnant women with GDM
are at greater risk of adverse pregnancy outcomes that threaten
a normal birth. An oral glucose tolerance test (OGTT) is
typically recommended to screen for GDM between the 24th
and 28th weeks of gestation. Physicians usually measure the
fasting plasma glucose concentration 1 to 2 hours after the
patient ingests glucose [2]. The American Diabetes Association
recommends that women be screened at the first prenatal
examination to aid with the early identification of hyperglycemia
risk. Nonetheless, GDM screening recommendations are
controversial among international organizations regarding four
aspects: (1) universal versus selective screening, (2) early
pregnancy screening (ie, before pregnancy or at the first prenatal
visit versus screening at 24-28 gestational weeks), (3) a one-step
versus two-step approach, and (4) inconsistent diagnostic criteria
(Table S1 in Multimedia Appendix 1) [3].

Machine learning (ML) methods have become favorable tools
for disease prevention and management. For instance, the
multivariate logistic regression (LR) model is a recognized ML
algorithm for predicting diabetes and its complications.
Furthermore, other methods, such as random forest (RF),
extreme gradient boosting (XGBoost), and light gradient
boosting machine (LightGBM), are also applied to
diabetes-related problems. A growing number of studies have
used such methods to identify risk factors of GDM and construct
early prediction models for the disease [4,5]. ML presents a
powerful tool for analyzing large amounts of diverse health care
data and augmenting doctors’ capabilities. However, ML has
limitations that can lead to inaccurate predictions in some
clinical scenarios, and the significance of its assessment was
highlighted in a real-world study [6]. The US Food and Drug
Administration (FDA) has issued guidance on software as a
medical device that explains risk stratification and the analytical
and clinical validation required of artificial intelligence (AI)
tools in health care. IDx-DR, the first FDA-approved ML
application to help make screening decisions, achieved high
sensitivity (87%) and specificity (91%) for diabetic retinopathy
in primary care clinics [7]. Most of the published prognostic
models for GDM also showed acceptable discrimination and
calibration [8], but they vary in quality and perform
inconsistently.

Few systematic analyses of ML models for GDM are currently
available. Here, we conducted a thorough meta-analysis of the
predictive value of ML in GDM using a quality evaluation by
the Prediction Model Risk of Bias Assessment Tool
(PROBAST) and compared ML models with universal and
selective screening methods. Essentially, we wondered if ML
could be a new GDM screening option.

Methods

Research Design
This study was conducted according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (Table S2 in Multimedia Appendix 1) [9].

Search Methods
The PubMed, Web of Science, IEEE Xplore, and China National
Knowledge Infrastructure databases were searched for articles
published in English or Chinese between August 2019 and
October 2020. We built up the search strategy according to the
PICO (population, intervention, control, and outcomes)
principle; for our study, “P” represents GDM populations, “I”
represents ML methods as interventions, “C” represents gold
standards as controls, and “O” represents the outcomes of
prediction and diagnosis, such as sensitivity, specificity, and
accuracy (Table S3 in Multimedia Appendix 1). The details of
the search keywords are listed in Textbox S1 in Multimedia
Appendix 1. Additionally, the reference list of each identified
study was manually searched to identify any additional studies.
NoteExpress 3.2 (Aegean) [10] and EndNote X7 (Clarivate)
[11] were employed to manage the studies and remove duplicate
items.

Inclusion and Exclusion Criteria
All studies included had to meet the following criteria: (1)
published in English or Chinese; (2) included pregnant women
from the general population, with a clear definition for GDM
diagnosis; (3) included ML models for GDM prediction, with
a clear description of the ML models; and (4) showed the
performance of ML models, including sufficient data to enable
the inference of sensitivity and specificity.

Articles in other languages, other types of articles (eg, reports
and reviews), or those that used other measures for GDM
detection were excluded. Four investigators (LY, WH, YW,
and CG) participated in the literature screening to review all
the studies that met the inclusion criteria. Each chosen article
was screened at least twice, and disagreements were resolved
by the reviewer (ZZ). Studies providing the most detailed
information of variables and outcome indicators were kept for
reference.

Data Extraction
Data extraction was performed independently by two
investigators (LY and LZ) according to the existing literature
and the Transparent Reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis (TRIPOD)
standardized protocol [12]. A total of 25 studies were ultimately
selected for the analysis. The following data were extracted
from each study: (1) demographic information (ie, the country
in which the data were gathered, the setting, the data source,
the study design, the prediction temporality, and the outcome
definition); (2) the data division method, the feature selection
algorithms, the features of the model training, the ML prediction
model type, and the model validation and application; (3)
prediction outcomes, including accuracy, sensitivity, specificity,
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and area under the receiver operating characteristic curve
(AUROC); and (4) funding and ethics approval.

Quality and Bias Assessments
The PROBAST [13], which includes a total of 20 signaling
questions in four domains (ie, participants, predictors, outcome,
and analysis), was used as a tool for assessing the risk of bias
and applicability of each included study.

Statistical Analysis
The performance of each ML model was described using the
primary outcome measures of discrimination and calibration.
Model discrimination or concordance index (C-index) is similar
to the AUROC [14] and indicates its diagnostic or prognostic
discrimination ability as none (AUROC ≤0.6), poor (AUROC
>0.6 to 0.7), fair (AUROC >0.7 to 0.8), good (AUROC >0.8 to
0.9), or optimum (AUROC >0.9 to 1). Model calibration is a
metric of goodness of fit that assesses the agreement between
observed and predicted outcomes and reflects the stability of
the model via calibration plots. The diagnostic odds ratio (DOR)
was also calculated via the following equation:

DOR = PLR / NLR (1)

where PLR is the positive likelihood ratio and NLR is the
negative likelihood ratio. The PLR and NLR were calculated
to express how frequently the model predicted GDM among
the individuals with GDM versus among those without GDM
using the following equations:

PLR = Sensitivity / (1 − Specificity) (2)

NLR = (1 – Sensitivity) / Specificity (3)

In this meta-analysis, the Meta-DiSc software program (version
1.4) [15] was used to calculate the pooled estimates of AUROC,
sensitivity, specificity, PLR, NLR, and DOR. It was used to
summarize the data from the included studies and graphically

investigate the homogeneity among the studies. The I2 test was
used to assess the statistical heterogeneity among the included

studies. An I2 value of more than 75% indicated high
heterogeneity among the studies [16]. The analysis of the
included studies was divided into primary and subgroup analyses
to judge the performances of the ML methods in predicting
GDM in different clinical scenarios. Sensitivity analysis,
subgroup analyses, and a meta-regression were also conducted
to gain insight into potential sources of interstudy heterogeneity
due to selector or inclusion criteria bias. The abilities of the
different ML algorithms (eg, LR, Bayesian model, TreeNet,
and GA-CatBoost [genetic algorithm category boosting]) for
predicting GDM are discussed in the Subgroup Analysis section.
The four predictive models with the highest and the lowest
values were excluded from the sensitivity analysis to assess the
impact of outliers on pooled sensitivity and specificity.

Results

Study Selection
A total of 27,071 studies were initially identified; of those, 1256
(4.6%) that discussed GDM were subjected to abstract screening.
A total of 67 studies were subjected to full-text review; of those,
25 (37%) were included in the meta-analysis [17-33]. Figure 1
shows the PRISMA flow diagram of the study selection process.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for study selection. CNKI: China National
Knowledge Infrastructure.

Study Characteristics
The articles’ years of publication ranged from 2004 to 2020;
10 out of 25 (40%) were published in 2020 (Figure S1 in
Multimedia Appendix 1). All studies included women older
than 18 years without a history of heart or cerebrovascular
disease or vital organ dysfunction. Out of 25 studies, 9 (36%)
included patients with a history of GDM, while other studies
excluded those cases with a history of GDM (Tables S4-S6 in
Multimedia Appendix 1). The source data for ML training were
mostly obtained from medical centers and maternity hospitals;
some also included self-administered questionnaires. Out of 25
studies, 9 (36%) were conducted using data from a
population-based prospective cohort or multicenter study. The
sample size of the included studies varied from 134 to 66,687
participants.

Feature selection is an important step for ML training. Xiong
et al [19] developed a prediction model for GDM risk in the
first 19 weeks of gestation with several hepatic, renal, and
coagulation function measures; they observed that a cutoff of
prothrombin time and activated partial thromboplastin time
could reliably predict GDM with a sensitivity of 88.3%, a
specificity of 99.47%, and an AUROC of 94.2%. Maternal age,
family history of diabetes, BMI, and fasting blood glucose were
the four most commonly used features of the established models,
whereas pregnancy-associated plasma protein A, leptin,
lipocalin-2, adiponectin, weight gain, and soft drink intake
during pregnancy were used in only one or two models each.
Table 1 [17-41] summarizes the most frequent features included
in the prognostic models.
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Table 1. The most frequent factors included in risk prediction models for gestational diabetes mellitus.

Factors included in modelsStudy first author, year

hsCRPi

(n=3)
Height
(n=3)

SBPh

(n=3)
HbA1c

g

(n=4)
TGf

(n=5)
Ethnicity
(n=6)

HDe

(n=8)
PBMId

(n=8)
FPGc

(n=11)
BMI
(n=12)

FHDb

(n=14)
MAa

(n=19)

✓✓✓✓✓jGao, 2020 [21]

✓✓✓Liu, 2020 [17]

✓✓✓Miao, 2020 [28]

✓✓✓✓Tan, 2020 [41]

✓✓✓✓Wu, 2020 [18]

Xiong, 2020 [19]

✓✓✓✓✓✓✓Ye, 2020 [20]

✓✓✓✓✓✓✓✓Zhang, 2020 [39]

✓✓✓Snyder, 2020 [40]

✓✓✓Cui, 2019 [25]

✓✓✓✓Zheng, 2019 [24]

✓✓Nombo, 2018 [26]

✓✓✓✓✓Sweeting, 2018 [27]

✓✓✓✓✓✓Xiao, 2018 [38]

✓✓✓✓Huang, 2017 [23]

✓✓✓✓✓Wu, 2017 [22]

✓✓✓✓✓Gabbay-Benziv, 2015
[30]

✓✓✓✓✓✓✓Thériault, 2015 [29]

✓Eleftheriades, 2014 [31]

✓✓✓Pintaudi, 2013 [32]

✓✓Savona-Ventura, 2013
[33]

✓✓Tran, 2013 [34]

✓✓✓✓Teede, 2011 [35]

✓✓✓✓Vanleeuwen, 2009 [36]

✓✓✓Caliskan, 2004 [37]

aMA: maternal age.
bFHD: family history of diabetes.
cFPG: fasting plasma glucose.
dPBMI: prepregnancy BMI.
eHD: history of diabetes.
fTG: triglyceride.
gHbA1c: hemoglobin A1c.
hSBP: systolic blood pressure.
ihsCRP: high-sensitivity C-reaction protein.
jA checkmark (✓) indicates that the factor was included.

The LR model was the most universally used model in the 25
studies (n=17, 68%) for predicting GDM risk, while 5 (20%)
studies assessed the performance of other ML methods (ie,
GA-CatBoost, XGBoost, Bayesian model, TreeNet,
gradient-boosting decision tree [GBDT], adaptive boosting
[AdaBoost], LightGBM, Vote, and RF). For measuring deep

learning performance, AUROC and the Youden index were
most commonly used. AUROC was used in studies that did not
provide the C-index. Out of 25 studies, 2 (8%) did not report
metrics of model discrimination. Of the 25 studies, only 7 (28%)
presented calibration measures. Internal validation was
performed in 13 studies (52%) using random split or k-fold

J Med Internet Res 2022 | vol. 24 | iss. 3 |e26634 | p.772https://www.jmir.org/2022/3/e26634
(page number not for citation purposes)

Zhang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


cross-validation and bootstrapping. Only 4 studies out of 25
(16%) performed external validation.

Quality Assessment
Items from the PROBAST checklists (Multimedia Appendix
2) were used to assess the risk of bias and applicability of the
prognostic prediction model studies. According to the criteria,
the biases of participants in 4 out of 25 (16%) studies
[30,31,33,36] were moderate, mainly due to debatable criteria,
while biases in the other studies were low. Out of 25 studies,
24 (96%) study groups had a low bias of predictors, while 1
(4%) [32] had a moderate risk of bias because the prediction
assessment was created with knowledge of the outcome data.
The bias of outcome in 6 (24%) studies [22,30,33,35-37] was
moderate due to the diagnostic criteria, while the others were
low. A total of 8 (32%) groups had a moderate bias of analysis
[21,23,27,31-33,36,37] and 1 (4%) [30] showed a high risk of
bias due to an unreasonable number of participants with

outcomes. The overall bias rating of 10 (40%) groups
[21-23,27,30,32,33,35-37] was moderate. Overall concerns
regarding the applicability rating of 7 (28%) studies
[21-23,27,29,32,33] were moderate because of excessive
features in models making it difficult to collect data in actual
use, whereas others were low (Table S7 in Multimedia Appendix
1).

Performance of ML Models for GDM Prediction
The overall pooled AUROC for ML models for predicting GDM
was 0.8492 (Figure 2). Additional values were as follows:

sensitivity 0.69 (95% CI 0.68-0.69; P<.001; I2=99.6%; Figure

3); specificity 0.75 (95% CI 0.75-0.75; P<.001; I2=100%; Figure

4); DOR 13.78 (95% CI 9.53-19.94; P<.001; I2=99.1%); PLR

4.02 (95% CI 3.13-5.17; P<.001; I2=99.6%); and NLR 0.31

(95% CI 0.26-0.38; P<.001; I2=98.7%).

Figure 2. The overall pooled area under the receiver operating characteristic curve (AUROC) of machine learning models for gestational diabetes
mellitus prediction. Q*: the sensitivity at the intersection of the SROC curve and the straight line (sensitivity=specificity); SROC: summary receiver
operating characteristic.
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Figure 3. The overall pooled sensitivity of machine learning models for gestational diabetes mellitus prediction. First authors for each study are listed
along the y-axis. The vertical red dotted lines are the 95% CIs of the pooled sensitivity. BYS: Bayesian; DNN: deep neural network; GA-CB: GA-CatBoost
(genetic algorithm category boosting); GBDT: gradient-boosting decision tree; KNN: k-nearest neighbors; LGB: LightGBM (light gradient boosting
machine); LR: logistic regression; SVM: support vector machine; Tnet: TreeNet; XGB: XGBoost (extreme gradient boosting).

Figure 4. The overall pooled specificity of machine learning for gestational diabetes mellitus prediction. First authors for each study are listed along
the y-axis. The vertical red dotted line is the 95% CI of the pooled specificity. BYS: Bayesian; DNN: deep neural network; GA-CB: GA-CatBoost
(genetic algorithm category boosting); GBDT: gradient-boosting decision tree; KNN: k-nearest neighbors; LGB: LightGBM (light gradient boosting
machine); LR: logistic regression; SVM: support vector machine; Tnet: TreeNet; XGB: XGBoost (extreme gradient boosting).

Sensitivity Analysis
After the exclusion of the 4 (16%) models with the lowest and
highest sensitivity and specificity, the random effects
meta-analysis produced estimated pooled sensitivity of 0.73

(95% CI 0.72-0.74; P<.001; I2=98.3%) and pooled specificity

of 0.73 (95% CI 0.72-0.73; P<.001; I2=99.8%). Therefore, the
pooled estimates were deemed insensitive to the exclusion of
outliers (Figure S2 in Multimedia Appendix 1).

Subgroup Analysis
The comparison of the GDM prediction performance results is
shown in Table 2; forest plots are shown in Figures S3-S8 in
Multimedia Appendix 1.

In this study, 19 prediction models were established using the
LR models [17,18,20-23,26-33,35-39], and the overall pooled
AUROC for the LR models for predicting GDM was 0.8151
(Figure 5). The overall pooled AUROC for non-LR models to
predict GDM was 0.8891 (Figure 6), the highest value among
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these subgroups. Further analysis of these non-LR methods
showed that two support vector machine (SVM) models [19,20]
achieved AUROC values of 0.82 and 0.98, respectively (Figure
S9 in Multimedia Appendix 1), while two Bayesian models
[24,34] achieved AUROC values of 0.766 and 0.71, respectively
(Figure S10 in Multimedia Appendix 1). Interestingly, Ye et al
[20] developed eight common ML methods—GBDT, AdaBoost,
LightGBM, LR, Vote, XGBoost, decision tree (DT), and
RF—and two common regression models to predict the
occurrence of GDM with a data set of 822,242 patients. GBDT,

AdaBoost, and LightGBM (AUROC 0.70-0.75) were the top
three models, while DT and RF were the worst models (AUROC
0.5-0.68) in that study. The capabilities of three ML methods
were compared using data from 490 people [21]. The deep
neural network model achieved the highest AUROC of 0.92,
while the SVM and k-nearest neighbors (KNN) models achieved
AUROC values of 0.82 and 0.68, respectively. XGBoost,
LightGBM, GA-CatBoost, and TreeNet were used in 4 out of
25 (16%) studies and achieved AUROC values of 0.742, 0.942,
0.872, and 0.676, respectively [17,19,21,25] (Table 2).

Table 2. The comparison of performance of machine learning models in gestational diabetes mellitus (GDM) prediction applied to different subgroups.

DORd (95% CI)NLRc (95% CI)PLRb (95% CI)
Specificity
(95% CI)

Sensitivity
(95% CI)AUROCa

Models
(N=30), n
(%)Subgroup

13.78 (9.53-19.94)0.31 (0.26-0.38)4.02 (3.13-5.17)0.75 (0.75-0.75)0.69 (0.68-0.69)0.849230 (100)Overall

16.55 (9.52-28.77)0.28 (0.22-0.36)3.89 (2.92-5.19)0.64 (0.64-0.64)0.74 (0.73-0.75)0.866716 (53)0-13 weeks before diagnosis

11.67 (7.59-18.02)0.35 (0.25-0.48)3.90 (2.76-5.53)0.85 (0.84-0.85)0.64 (0.63-0.65)0.836514 (47)14-28 weeks before diagno-
sis

19.82 (11.49-34.13)0.28 (0.18-0.44)5.29 (3.39-8.25)0.85 (0.85-0.86)0.67 (0.66-0.68)0.875911 (37)With GDM history

8.27 (5.14-13.29)0.35 (0.30-0.41)3.12 (2.52-3.86)0.65 (0.64-0.65)0.70 (0.66-0.68)0.833019 (63)Without GDM history

8.73 (5.99-12.73)0.37 (0.32-0.43)3.04 (2.37-3.89)0.67 (0.67-0.67)0.71 (0.70-0.72)0.815119 (63)Logistic regression

31.85 (15.93-63.69)0.24 (0.15-0.38)6.80 (4.45-10.37)0.85 (0.85-0.86)0.66 (0.65-0.67)0.889111 (37)Non–logistic regression

aAUROC: area under receiver operating characteristic curve.
bPLR: positive likelihood ratio.
cNLR: negative likelihood ratio.
dDOR: diagnostic odds ratio.

Figure 5. The overall pooled area under the receiver operating characteristic curve (AUROC) of logistic regression models for gestational diabetes
mellitus prediction. Q*: the sensitivity at the intersection of the SROC curve and the straight line (sensitivity=specificity); SROC: summary receiver
operating characteristic.
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Figure 6. The overall pooled area under the receiver operating characteristic curve (AUROC) of non–logistic regression models for gestational diabetes
mellitus prediction. Q*: the sensitivity at the intersection of the SROC curve and the straight line (sensitivity=specificity); SROC: summary receiver
operating characteristic.

Meta-regression
The meta-regression analysis was conducted due to the high
level of interstudy heterogeneity [42]. Sample size, country
where the data were collected, publication year, ML methods
used, and model quality did not affect diagnostic accuracy
(P=.13). The antilogarithm transformations of the resulting
estimated parameters could be interpreted as a relative DOR of
the corresponding covariate, indicating the change in diagnostic
performance of the test under study per unit increase in the
covariate (Table S8 in Multimedia Appendix 1).

Discussion

Principal Findings
This study was a pilot meta-analysis evaluating the performance
of ML models for predicting GDM. Its overall pooled estimation
of 25 studies showed that ML models achieved high accuracy
in early recognition of GDM patients. ML models could forecast
based on data from 8 to 24 weeks’ gestation. There was even a
model that used prepregnancy features to predict the outcome
up to 28 weeks in advance, suggesting the significance of ML
models for GDM prediction. Compared to the census or existing
screening methods, ML methods have certain advantages.
Universal screening leads to 100% detection for physicians who
usually make decisions based on an OGTT test, which may
place an unnecessary burden on individual women and health
care resources. Current selective screening strategies are based
on a list of risk factors and have fixed sensitivity (±65%) and
specificity (±80%). Although the ML methods do not provide
greater benefit than current available screening strategies, an

advantage is that a preferred trade-off between sensitivity and
specificity can be selected [43]. The choice of statistical method
is more to compute a quantitative measure of existing data than
to predict unknown data in a general and feasible way [44].

According to the subgroup analysis, models created using
non-LR methods achieved the highest AUROC, suggesting that
researchers should test more candidate models. One study aimed
to review and compare the predictive performances of LR and
other ML algorithms for developing or validating a multivariable
prognostic prediction model for pregnancy care; that study also
recommended a reanalysis of existing LR models for several
pregnancy outcomes by comparing them with those algorithms
that apply standard guidelines [45]. Among those non-LR
models, ensemble methods, like LightGBM and GA-CatBoost,
that are composed of multiple weaker models and are
independently trained had a satisfactory result. Variables in the
GBDT model underscored the advantage of identifying nonlinear
relationships. The SVM model also achieved superior outcomes;
that method builds a model that assigns new examples to one
category or the other, making it a nonprobabilistic binary linear
classifier. Methods like KNN, DT, and RF did not perform as
well as the LightGBM and GA-CatBoost methods, which may
be due to the fact that DT classifications are based on a single
condition at the bottom, so small changes can lead to mistakes.
For RF, the high dimension of medical data complicates the
classification and prediction. Similarly, KNN cannot be used
in high-dimensional feature spaces. Some researchers [23] found
that the difference between two methods had no statistical
significance, since LR models are suitable for simple data with
linear relationships between variables and outcomes. Our study
also found that LR models were conducive to achieving more
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stable performance according to the summary receiver operating
characteristic curve. The subgroup of 0 to 13 weeks before
diagnosis achieved the highest pooled sensitivity, while the
subgroup of 14 to 28 weeks before diagnosis achieved the
highest specificity, meaning that ML may assist clinicians
identify more patients in early screening and avoid excessive
misdiagnosis in the second trimester.

The feature selection was also crucial for model performance
and interpretation. Among the 25 studies, maternal age was
used as a feature in 19 studies, as was previously reported and
validated in our study. One of the included studies reported that
the incidence of GDM increases after 25 years of age, the main
reason being that the function of islet β-cells decreases with
age, so the insulin antagonism of older adult pregnant women
is aggravated [46]. Eight models considered GDM history to
be a vital factor for predicting GDM. A DOR value of 21.09
appeared when a GDM history was included as a risk factor for
predicting future GDM. Previous research discovered that
women with GDM were more likely to have a family history
of type 2 diabetes mellitus and a history of GDM, partially due
to overlapping genetic bases between the diseases [18]. The
nonsignificant association of GDM with a GDM history in other
studies was a result of the overwhelming proportion of
nulliparous women in their studies who had no risk of
developing GDM. The association between GDM and blood
lipid indexes, including triglyceride (TG), high-density
lipoprotein, and low-density lipoprotein (LDL), has been
studied, and TG level had the closest relationship with GDM
[47]. Our research also found that although the levels of TG,
total cholesterol, and LDL in the GDM group were higher than
those in normal pregnant women in most included studies, only
TG level was a high-risk factor of GDM after the feature
selection. A novel model that included ultrasound data of
maternal fat distribution and serum inflammatory factors
observed that pregnant women with GDM had greater visceral
fat thickness and subcutaneous fat thickness; the model also
demonstrated that increased subcutaneous and visceral fat may
lead to increased insulin resistance in muscle and adipose tissue
[36]. Sweeting et al [27] observed higher leptin and lipocalin-2
levels and lower adiponectin levels in women who developed
GDM and proposed adipokines as GDM features.

Strengths and Limitations
The main strength of the study is that its methodology was
logical and described in sufficient detail to be reproducible.
Almost all published prognostic models for GDM were included
in this meta-analysis, which enabled their comparison. The data
collection table was based on the characteristics of the GDM
prediction models. Additionally, the novel PROBAST was used
to assess the risk of bias and applicability of prognostic
prediction model studies. The Quality Assessment of Diagnostic
Accuracy Studies (QUADAS) tool is a widely used tool for
estimating the bias and applicability of primary diagnostic
accuracy studies, but is not perfectly suited for predictive models
[48]. An increasing number of researchers prefer the PROBAST
to the QUADAS tool for assessing the bias of AI-based models
in systematic reviews as well as meta-analyses; this is the case
because more details of the model, such as data source,
processing, number of events per variable, feature selection,

model development, and model validation, were checked
intensively [49-52]. We found that 14 development studies had
a risk of bias in methodological quality or applicability, which
may lead to overfitted prediction models. It is noteworthy that
the quality of recent models is higher than that of those
published earlier according to the PROBAST. Some bias could
be prevented if the studies reported their research according to
the TRIPOD initiative [12].

Despite our study’s confirmation that ML models have
promising prediction ability for GDM, there are some limitations
to our research. The main limitations arose from the interstudy
heterogeneity. First, the sample sizes and distributions differed
among studies, affecting each model’s performance and
applicability. There were also a heterogenous variety of feature
selection methods. Some researchers preferred the features that
have a statistically significant association with GDM, while
others included the factors based on existing knowledge from
previously established models in combination with predictor
reliability, consistency, applicability, availability, and cost.
Second, the performance of a low-quality model might be
overestimated when the analysis of the internal bias of the model
is ignored. As some studies have bias to various degrees, the
results of the studies in this analysis must be applied with
caution. It should be noticed that the PROBAST is more likely
to identify bias in prediction models than other tools designed
for conventional diagnostic methods. The other limitation is
that few models underwent external validation to test their
extensibility. However, a previous study [8] performed an
external validation of 12 published GDM prediction models
and suggested that most of the published models showed
acceptable discrimination and calibration, but the author pointed
out possible heterogeneity in these models due to variations in
GDM incidence in different populations.

Clinical Implications
Although several GDM scoring systems have been developed,
none are widely recommended by current guidelines. Based on
the discussion above, several items must be considered in order
to maximize the advantages of ML models for predicting GDM
in clinical practice for model researchers or for decision makers.
For the former, we recommend that the decision concerning
which feature selection methods and ML algorithms to use
should be based on clinical need rather than accuracy. A model
with excess features that are difficult to obtain in routine
medicine is unlikely to be applied broadly. Researchers should
also provide the process of data preprocessing and outcomes of
validation, discrimination, calibration, and classification to
elaborate the performance of models from multiple perspectives.
For decision makers, we recommend that data sources, such as
a population-based cohort designed for GDM research with a
unified international diagnostic criterion, promote the ML
methods in this target. Studies revealed that although electronic
health records provide various data, including time series and
images for novel ML methods, they have inherent biases that
are influenced by the interaction of the patient with the health
care system. In contrast, community-based predictions may
robustly capture more asymptomatic high-risk cases [53]. The
incidence of GDM based on the International Association of
the Diabetes and Pregnancy Study Groups (IADPSG) (22.94%)
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and the National Institute for Health and Care Excellence
(21.72%) is over 3-fold higher than that based on the criteria
from the 7th edition of the Chinese obstetrics and gynecology
textbook (6.08%) published by the People’s Medical Publishing
House [54]. Some experts in China have advocated
implementation of the IADPSG criteria because they believe
that it will guide researchers to better understand the prevalence
of GDM in different regions and ensure that the country’s
standards will be aligned with international ones. Nevertheless,
researchers doubt that the IADPSG findings will apply to all
populations, since those criteria were applied to mainly
Caucasian women. All in all, it would indeed be helpful to unify
the GDM diagnostic criteria as soon as possible. This

meta-analysis reported the advantages of ML models and the
factors requiring attention. A similar meta-analysis of ML
models and deep learning algorithms used to detect patients at
risk of developing diabetes reported that AI-based automated
tools provide substantial benefits for reducing screening costs
and can replace earlier treatments [55].

Conclusions

In conclusion, ML methods demonstrate high performance and
will be a more selective and cost-effective screening method
for GDM. The importance of quality assessment and unified
diagnostic criteria should be further emphasized.
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Abstract

Background: In the physician-patient relationship, patients’ uncertainty about diseases and the lack of trust in physicians not
only hinder patients’ rehabilitation but also disrupt the harmony in this relationship. With the development of the web-based
health industry, patients can easily access web-based information about health care and physicians, thus reducing patients’
uncertainty to some extent. However, it is not clear how patients’ web-based health information–seeking behaviors reduce their
uncertainty.

Objective: On the basis of the principal-agent theory and the perspective of uncertainty reduction, this study aims to investigate
the mechanism of how web-based disease-related information and web-based physician-related information reduce patients’
uncertainty.

Methods: A web-based survey involving 337 participants was conducted. In this study, we constructed a structural equation
model and used SmartPLS (version 3.3.3; SmartPLS GmbH) software to test the reliability and validity of the measurement
model. The path coefficients of the structural model were also calculated to test our hypotheses.

Results: By classifying patients’ uncertainties into those concerning diseases and those concerning physicians, this study
identified the different roles of the two types of patients’ uncertainty and revealed that web-based disease-related information
quality and web-based physician-related information can act as uncertainty mitigators. The quality of disease-related information
reduces patients’ perceived information scarcity about the disease (β=−.588; P<.001), and the higher the information scarcity
perceived by patients, the higher their uncertainty toward the disease (β=.111; P=.02). As for physician-related information,
web-based word-of-mouth information about physicians reduces patients’ perceived information scarcity about the physician
(β=−.511; P<.001), mitigates patients’ fears about physician opportunism (β=−.268; P<.001), and facilitates patients’ trust
(β=.318; P<.001). These factors further influence patients’ uncertainty about the physician. In addition, from the test of mediating
effect, patients’ trust in the physician fully mediates the relationship between their perceived information scarcity about the
physician’s medical service and their uncertainty about the physician. Patients’ trust also partially mediates the relationship
between their fear of the physician’s opportunism and their uncertainty about the physician. As for the two different types of
uncertainty, patients’ uncertainty about the physician also increases their uncertainty about the diseases (β=.587; P<.001).

Conclusions: This study affirms the role of disease-related web-based information quality and physician-related web-based
word-of-mouth information in reducing patients’uncertainties. With regard to the traits of principal-agent relationships, this study
describes the influence mechanism based on patients’ perceived information scarcity, fears of physicians’ opportunism, and
patients’ trust. Moreover, information about physicians is effective in reducing patients’ uncertainties, but only if the information
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enhances patients’ trust in their physicians. This research generates new insights into understanding the impact of web-based
health information on patients’ uncertainties.

(J Med Internet Res 2022;24(3):e25275)   doi:10.2196/25275

KEYWORDS

patient trust; online health information quality; online word-of-mouth; patient uncertainty; principal-agent theory; physician-patient
relationship

Introduction

Background
In a physician-patient relationship, it is always difficult for
patients to evaluate medical services and their physicians
because medical services are typical credence products [1,2].
Patients also lack the specialized knowledge to judge whether
a physician’s treatments would be helpful before the treatments
begin. Therefore, as principals, in this typical principal-agent
relationship, patients face many uncertainties.

Previous research has explored how to achieve better treatment
outcomes by reducing patients’ uncertainty [3-6]. The
uncertainty in this principal-agent relationship is caused by
information problems [7], such as hiding information and hiding
behaviors; therefore, to reduce patients’ uncertainties, it is
important to provide patients with more information. With the
rapid development of patient-centered care [8], the
physician-patient relationship is gradually changing from the
traditional physician-led model to a new type of patient-centered
diagnosis and treatment, with increasing emphasis on the role
of patients [9]. The role of patients is changing from passive
information recipients to active participants in medical
decision-making [10]. The development of the eHealth industry
has led to an increase in the number of patients who become
electronic patients, namely, e-patients [9]. The channels for
e-patients to obtain information about diseases and physicians
have expanded, and this information can enhance
patient-centered care [8]. For example, in a survey by Wong
and Cheung [11], 97.32% (1162/1194) of the respondents used
the internet, of which 87.44% (1016/1162) had used the internet
to find health information. In a survey by Hedges and Couey
[12], 90% of patients used web-based reviews to evaluate their
physicians. By actively acquiring information about diseases
and physicians through electronic information technology,
e-patients can enhance their understanding of their medical
condition and have a sense of control over their health, while
reducing their uncertainties about the consultation processes
and the physicians.

Although web-based information can reduce patients’
uncertainty to some extent, information overload can pose a
major challenge [13], leading to confusion in e-patients.
Incorrect information does not effectively reduce patients’
uncertainty. Moreover, this information may undermine patients’
trust and have a counterproductive effect [14]. Therefore, it is
important to understand how patients’ web-based information
consumption reduces their uncertainty, so that information
providers can improve the design of information to better help
patients. With this as the objective, this study intends to answer
the following research questions: how do patients’ web-based

information-seeking behaviors reduce their uncertainties about
diseases and physicians? In addition, how does web-based
information, such as information related to diseases and
physicians, alleviate problems in this principal-agent relationship
and then reduce patients’ uncertainty?

To address these research questions, based on the framework
of uncertainty mitigator–uncertainty antecedent–uncertainty,
this study explores how web-based health information mitigates
patients’ uncertainty. The contributions of this study are as
follows. First, based on the principal-agent theory and the
uncertainty reduction theory (URT), this study explores the
mechanism of how patients’ web-based health behaviors can
reduce their uncertainty. Second, following the classification
of consumers’uncertainty about products and sellers by Dimoka
et al [15], this study also distinguishes between patients’
uncertainty about diseases and physicians; the influence chain
is also investigated. Finally, this study emphasizes the significant
role of trust. Additional information can help reduce patients’
uncertainty, but only if it can enhance patients’ trust in their
physicians.

Principal-Agent Theory
Originating from the field of enterprise management, the
principal-agent theory describes the relationship in which one
entity (the principal) delegates work to another entity (the agent)
who performs the work under a mutually agreed contract [16].
The relationship between enterprise owners and professional
managers is a typical principal-agent relationship. This
relationship applies to all transactional relationships in
socioeconomic systems where opportunism, information
asymmetry, and limited rationality exist. Owing to the separation
of ownership and management rights of enterprises, the goals
of principals and agents are inconsistent, which will lead to
adverse selection before the contract [17] and the moral hazard
of hidden behaviors after the contract [18].

The physician-patient relationship is also a typical
principal-agent relationship in which the physician acts as an
agent to provide medical services to the patient (the client) under
a contract [19,20]. Patients, as principals, receive diagnoses of
the disease, treatment plans, and medical care services from the
agents (ie, physicians). Physicians and patients have inconsistent
goals and asymmetrical information. Compared with physicians,
patients are always at a disadvantage in information about
diseases and physicians’ medical services. Patients want to
receive superior medical services at a low cost to improve their
health, whereas physicians want to provide medical services at
a higher fee and lower cost (to themselves) to increase their
income and reputation.
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Perceived Information Scarcity
Owing to the principal-agent relationship and the specialization
of medical services, there is natural information asymmetry
between physicians and patients [21]. Compared with
physicians, patients have limited information about diseases
and physicians, leading to patients’ perception of information
scarcity. Previous literature defined scarcity as the limitation
or unavailability of objects (eg, commodity) [22]. In the research
of Wells et al [23], an individual’s degree of prepurchase
information scarcity related to the product of interest is
operationalized as whether a consumer had any prior information
or experience with products offered on web-based shopping
websites. Compared with physicians, patients lack professional
medical education process and clinical experience; therefore,
patients will be aware of the information scarcity regarding
diseases and the physician’s medical service. In this study,
patients’ perceived scarcity of information about diseases is
defined as patients’ perception of their limited information
related to diseases, whereas perceived scarcity of information
about the physician’s medical service information is defined as
patients’ perception of their limited information related to the
physician’s medical service.

In the web-based environment, the emergence of information
systems can help alleviate the principal–agent problem to some
extent. For example, the website and product information can
reduce customers’ information scarcity about products, thereby
reducing customers’ worries about the platform’s opportunism
and their purchase uncertainty [24]; the implementation of
information systems within organizations, such as hospitals,
was also found to be an effective means of improving
information transparency [25]. Similarly, the disease-related
and physician-related information obtained by patients through
web-based searches can respectively help patients understand
diseases and their physicians better. Web-based disease-related
and physician-related information can reduce patients’perceived
scarcity of information about diseases and their physicians.

However, the information quality is unevenly distributed in the
problem of information asymmetry [24], but existing studies
failed to take into account the impact of the information quality
of search behavior, especially because web-based health
information lacks accuracy and credibility [26]. Information
quality is always measured by the perceived information quality,
which represents information receivers’ subjective perception
about four dimensions of information quality, namely, relevance,
adequacy, usefulness, and understandability of the information
[27]. Higher-quality information can lead to better descriptions
about the targets, and it is more useful than lower-quality
information [28]. With a higher quality of diseases information
in the web-based environment, patients will perceive the
information as more relevant, adequate, and useful, thereby
increasing their information about the diseases. As a result, the
higher the quality of disease-related information sought by
patients, the lower the perceived scarcity of information about
the disease, leading to the following hypothesis: web-based
health information quality reduces patients’ perceived scarcity
of information regarding diseases (H1).

In addition to disease-related information, web-based health
information provides patients with physician-related
information, such as web-based word-of-mouth information
about physicians, which represents other patients’ visiting
experiences. In traditional offline hospitals, patients had very
limited access to physicians’medical service information, which
was often confined to the small reach of word-of-mouth
communication, making it difficult to obtain a large amount of
word-of-mouth physician information. Web-based
word-of-mouth information can effectively reduce asymmetries
of products information [29,30]. Web-based word-of-mouth
information can inform later customers about the details of the
products or the service [28,31]. Similarly, physicians’web-based
ratings are also found to reflect their quality perceived by offline
patients [32]. Web-based word-of-mouth information about
physicians obtained by patients before their visit helps patients
to know the physicians better, such as the physicians’ manner,
treatments, and knowledge. Therefore, web-based
word-of-mouth information can reduce patients’ perceived
scarcity of information about their physician’s medical services,
leading to our second hypothesis: patients’perceived web-based
word-of-mouth information about physicians reduces patients’
perceived scarcity of information regarding the physicians’
medical services (H2).

Fear of Physicians’ Opportunistic Behaviors
In the principal-agent relationship, both parties expect to
maximize their own interests [16]. The agents will work to
increase their benefits, but some of their behaviors may even
increase principals’ costs, leading to agents’ opportunistic
behaviors [33]. As principals, patients are concerned about
whether the physicians have opportunistic behaviors because
patients cannot accurately evaluate physicians’ behaviors,
especially in China. Owing to the imperfections of the medical
systems in China, opportunistic behaviors of medical service
providers have caused widespread concerns [34,35], such as
whether physicians receive kickbacks, prescribe high-priced
drugs [36], or ask patients to do excessive or unnecessary
examinations or treatments [36], all of which are beneficial to
physicians’ own interests but harm patients’ interests [37].
Opportunistic behaviors are also harmful to the physician-patient
relationship because these behaviors reduce patients’ trust in
physicians [38].

Patients can not only obtain health information such as diagnoses
and treatments through eHealth data but also browse web-based
reviews about physicians. Compared with offline word-of-mouth
information, web-based word-of-mouth information has a greater
impact on consumers’ behaviors because of its extensive
sources, large coverage, and convenient dissemination [39].
Positive web-based word-of-mouth information can effectively
reduce principals’ concerns about agents’ opportunistic
behaviors [24,40]. Web-based word-of-mouth information about
physicians helps improve the transparency of medical services
and enhance patients’ confidence in medical decisions [41]. It
also reflects the experiences of other patients with similar
diseases [42]. With more web-based word-of-mouth information
about the physicians, patients can evaluate the likelihood of the
physicians’ opportunistic behaviors, and then they can choose
physicians who are less likely to engage in those opportunistic
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behaviors. Therefore, positive web-based word-of-mouth
information helps reduce patients’ concerns about physicians’
opportunism. Physicians’ opportunism, in this study, is defined
as the behaviors of physicians who do not provide good services
but charge high prices, conduct excessive and unnecessary
examinations, and receive rebates to prescribe high-priced drugs
[36]. With better web-based word-of-mouth information about
physicians, patients will be less apprehensive of the physicians’
opportunistic behaviors, leading to the following hypothesis:
patients’perceived web-based word-of-mouth information about
a physician reduces patients’ fear of the physician’s opportunism
(H3).

Trust
In the principal-agent relationship, trust is the most valuable
aspect [43], because if the relationship occurs under ideal
conditions, there is no need for trust [44,45]. Trust is the
expectation that an individual or a group will make an effort of
good faith to behave following commitments (both explicit and
implicit), to be honest, and not to take excessive advantage of
others, even when the opportunity exists [46]. Owing to the
scarcity of patients’ information about clinical diagnoses and
treatments, the asymmetry of physicians’ medical service
information between patients and physicians makes it difficult
for patients to determine whether the physicians are trustworthy
[24]; therefore, in the physician-patient relationship, the
information scarcity of physicians’ medical services impedes
patients’ trust in the physicians, leading to hypothesis 4:
patients’ perceived information scarcity about physicians’
medical service information reduces patients’ trust in physicians
(H4).

In the principal-agent relationship, as agents, patients’ fear of
physicians’ opportunistic behaviors also influences patients’
trust in physicians. Existing research has confirmed that
opportunistic behavior in web-based banking leads to low levels
of trust of users in internet banking [47]. In the e-commerce
environment, fear of sellers’ opportunism also harms buyers’
trust [33]. In the physician-patient relationship, opportunistic
behaviors are also harmful because these behaviors reduce
patients’ trust in physicians [38]. Although physicians’behaviors
are not always immoral, patients still worry about the possibility
of physicians’ opportunistic behaviors because the
principal-agent relationship is favorable for physicians to act
immoral behaviors. This worry will be enhanced if the
possibility of the physicians’ opportunism is high. Physicians’
opportunistic behavior benefits their own interests but harms
the interests of patients, which also impedes patients’ trust in
them. Patients cannot monitor physicians’ behaviors, and they
worry that their physicians will act opportunistic behaviors;
thus, the fear of physicians’opportunism reduces patients’ trust,
leading to hypothesis 5: the fear of physicians’ opportunism
reduces patients’ trust in physicians (H5).

Web-based word-of-mouth information is an important factor
affecting potential customers’purchase intentions and behaviors
[48,49], because web-based word-of-mouth information reflects
previous consumers’ evaluation of the products. In medical
situations, some studies have also explored the impact of
web-based physician reviews on patients’ decision-making

behavior. For example, higher web-based ratings of physicians
increase patients’ intention to consult them [50]. Web-based
word-of-mouth information about physicians also increases
physicians’ offline visits [51]. Acting as the previous patients’
evaluation cue, physicians’ web-based word-of-mouth
information serves as an important reference for the selection
of physicians by patients. The better the patients perceive
web-based word-of-mouth information about the physicians,
the more favorable it is for the patients to trust in the physicians,
leading to the following hypothesis: patients’ perceived
web-based word-of-mouth information about physicians
increases patients’ trust in the physicians (H6).

URT Overview
In the principal-agent relationship, uncertainty arises because
the principal cannot fully monitor the agent’s behavior, resulting
in adverse selection [17] and the moral hazard of hidden
behaviors [18]. It is important to understand how to reduce
uncertainty in this relationship. For example, reducing
uncertainty can increase consumers’purchase intention and lead
to an actual purchase [24]; reducing uncertainty can also increase
users’ trust in the web-based world so that they can effectively
use a tool [52]. Originating from the field of interpersonal
communication, the URT posits that uncertainty occurs when
people cannot predict the future behavior of others or when they
do not meet their own expectations [52,53]. URT is widely used
in fields such as organizational behavior and information
systems, among others [52]. For example, Srivastava and
Chandra [52] considered 3 ways to reduce users’ uncertainty to
enhance their trust and use intention in the web-based world.
The three ways include acquiring information passively through
observation, acquiring information actively through third-party
search, digital signatures, and third-party authentication, and
acquiring information from interactions, such as direct
interaction with the target object [52].

In the medical scenario, patients’ uncertainties, that is, their
inability to accurately predict the state of their disease because
of a lack of information, exist in every aspect of their diagnoses
and treatments. Uncertainties in the principal-agent relationship
are caused by specific information problems (eg, hiding
information and hiding behavior), and these problems can be
alleviated by the use of information systems [24]. In the
physician-patient relationship discussed previously, the
disclosure of information comes from the agent (eg, medical
information provided by the physician), and it reduces only a
few uncertainties of patients, but with the development of
technology, medical and health information is no longer only
in the hands of the medical providers (agents). The client can
actively acquire medical and health information from a third
party [20], enabling patients to overcome the restrictions of time
and space and actively obtain information about the causes of
diseases, treatments, and reputations of physicians and hospitals
through the internet. With the active information acquisition
method [52] to reduce uncertainty, patients’ web-based search
behavior can help actively reduce uncertainty, but the influence
mechanism of how web-based information acquired by patients
reduces uncertainty is not yet clear.

J Med Internet Res 2022 | vol. 24 | iss. 3 |e25275 | p.786https://www.jmir.org/2022/3/e25275
(page number not for citation purposes)

Dong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Patients’ Uncertainty
Uncertainty in the medical context refers to a cognitive state in
which the meaning of medical events cannot be determined
[3,4]. Uncertainty, as a medical experience characterized by
unpredictability, unfamiliarity, and ambiguity, is associated
with poor medical outcomes and psychological states (eg, fear,
stress, and loss of control) [43]. Existing research on
uncertainties in the medical field has mainly focused on
information uncertainty related to diseases, diagnoses, and
treatments [5]. Uncertainties regarding illness can be divided
into the medical providers’ uncertainty about diseases and the
patients’ uncertainty about diseases. Previous research has
mainly focused on the physician’s uncertainty of expressing
disease-related information during patients’visits and its impact
[54]. The latter, that is, patients’ uncertainty about diseases, is
the focus of this study.

Patients’ uncertainty means that the patients are unable to
determine the meaning of disease-related events or accurately
predict the outcomes of such events [5,6]. In the uncertainty in
illness theory presented by Mishel [3], the antecedents (eg,
symptom stimulus, patients’ cognitive abilities, and physicians’
information authorities), the appraisal process, the coping
mechanism, and the adaptation outcomes of patients’uncertainty
in diseases are concluded, and the scale of patient uncertainty
about illness is developed. This theory is effective in guiding
interventions to manage patients’ uncertainty [55].

In web-based markets, as sellers cannot fully describe the
product or predict the products’future performances, consumers’
uncertainty about products and sellers should be distinguished,
between which the former uncertainty is related to the
description and performance of products, and the latter
uncertainty is related to sellers’ adverse selection and moral
hazard [15]. The uncertainty about sellers also increases
uncertainty about products, and the two types of uncertainties
reduce price premiums [15]. Similarly, in the physician-patient
relationship, as physicians cannot fully describe the diseases or
predict the effectiveness of treatments, patients’ uncertainty in
the process may be not only about the diseases but also about
the physicians. Owing to the traits of principal-agent
relationship, patients, who are the inferior party because of the
scarcity of information, tend to question the rationality of
physicians’advised medical treatments. However, in the medical
context, few researchers have focused on patients’ uncertainty
about physicians. Given this, considering the principal-agent
relationship between physicians and patients, we follow the
classification of customers’ uncertainties about sellers and
products by Dimoka et al [15] to distinguish between patients’
uncertainty about diseases and patients’ uncertainty about
physicians. In this way, this study can contribute to research on
patients’ uncertainty.

In the principal-agent relationship, how much information
principals have played a key role in their uncertainty [23,24].
The lower the availability of product information, the greater
the consumers’ uncertainty about the product quality [23];
therefore, in our context, patients’ perception of scarcity of
disease information can increase patients’ uncertainties about
the diseases, and we hypothesize the following: patients’

perceived information scarcity about diseases increases patients’
uncertainty about the diseases (H7).

Owing to information scarcity, it is difficult for patients to judge
the quality of physicians’ medical services. Less information
about physicians’ medical services leads to patients’ stronger
sense of uncertainty about physicians. According to research
on the uncertainty of patients regarding disease [3], the causative
factors include event familiarity. When patients have more
knowledge about the physicians’ medical services, it helps to
reduce their uncertainty about the physicians’medical services,
leading to the following hypothesis: patients’ perceived
information scarcity about physicians’ medical services
information increases patients’uncertainty about the physicians
(H8).

Trust can overcome uncertainty, and trust is necessary only
when the environment is uncertain [45]. When patients trust
their physicians, they can predict their physicians’ behaviors
based on their belief in the physicians’ integrity, benevolence,
and competence under uncertain circumstances. They believe
that their physicians are honest and have great capabilities.
Therefore, this study believes that a patient’s trust in a physician
will help reduce the patient’s uncertainty about the physician,
leading to hypothesis 9: a patient’s trust in a physician can
mitigate the patient’s uncertainty in that physician (H9).

Because of the internally inconsistent goals between physicians
and patients, physicians’opportunistic behaviors are inevitable,
such as physicians taking kickbacks to prescribe expensive
drugs, unnecessary tests, and overtreatment. Patients often lack
professional information to judge the rationality of physicians’
treatment plans and examination procedures, which leads to a
sense of uncertainty about the rationality of physicians’
treatment behaviors. In China, concern about physicians’
opportunistic behavior is an important factor that leads to
patients’ sense of uncertainty [37,56]. Possible opportunistic
behavior of vendors’ drug prescription also leads to more
uncertainty for buyers [45], and thus we hypothesize the
following: patients’ fear of the physician’s opportunism
increases patients’ uncertainty in the physician (H10).

Consumers’ uncertainty about sellers is distinct from the
uncertainty about products, between which the former
uncertainty can increase the latter uncertainty [15]. The process
of patient consultation entails providing a series of examinations,
diagnoses, and other services by the physician to identify the
disease and determine other relevant treatments for the patient.
If patients are uncertain about the rationality of the medical
services provided by physicians and doubt the rationality of the
physician’s examination and treatment plans, it will be
detrimental to patients’ certainty about the disease; therefore,
we hypothesize the following: patients’ uncertainty about the
physician increases patients’ uncertainty about their diseases
(H11).

In summary, based on existing literature, this study uses the
principal-agent theory and the URT to develop a research model
to explain the mechanism of how web-based information search
by patients can reduce their uncertainties, as shown in Figure
1. In the context of patients’ active information acquisition, we
hypothesize that two types of web-based health information (ie,
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web-based disease-related information quality and web-based
physician-related information) as uncertainty mitigators to
reduce patients’ uncertainty. When identifying the antecedents
of uncertainty and its consequences, we followed the
descriptions by Pavlou et al [24] and Srivastava and Chandra
[52] on the use of unique and specific variables related to
customers’ uncertainty. Principals’ perception of information
scarcity and principals’ concern about agents’ opportunistic

behaviors are the causes of the principals’ uncertainty.
Principals’ trust in the agents acts as a mediator when the
uncertainty antecedents reduce principals’ uncertainty.
Following the classification of customers’ uncertainty about
sellers and products by Dimoka et al [15], we classified patients’
uncertainties into uncertainty about diseases and uncertainty
about physicians. Our research model is depicted in Figure 1.

Figure 1. Research conceptual model. H: hypothesis.

Methods

Ethical Considerations
An ethics review was not applicable for this study because the
online survey measured the subjects’ perceptions and did not
influence their perceptions or attitudes.

Data Collection
This study adopted the survey method to collect data. A total
of 108 questionnaires were collected for the pilot test before
the formal survey. The wording of some items and typesetting
in the questionnaire were modified according to the feedback
of the participants. A professional survey company
(Wenjuanxing) was responsible for collecting the formal data.
The survey started in May 2020 and lasted for a month. Each
questionnaire corresponding to a separate IP address provided
a reward of RMB 14 (US $2.20). The questionnaire was also
set to ensure that valid respondents should answer all the
questions before submitting. At the beginning of the
questionnaire, the background of the survey was introduced,
and screening questions were set to meet the 3 requirements for
the survey. Only those who might have a certain disease and
have seen a physician offline within 3 months, who had engaged
in web-based disease information search behavior, and who had
read the web-based word-of-mouth information of the visited
physicians were eligible.

Specifically, our questionnaire first used 3 questions to exclude
invalid respondents. The first question was “Did you suffer a

certain disease and have any experience of offline medical
treatments in the past three months?” The respondents who
answered “Yes” proceeded to the next question, and the
respondents who answered “No” were regarded as invalid
respondents, and their questionnaires were terminated. Then,
at the top of each page, there was a statement “Please recall the
most recent experience of seeing a physician within the past
three months, and based on this experience, answer the following
questions.” The second question to screen out the invalid
respondents was “Before the consultation, have you searched
for disease-related information on the internet for this
consultation?” Similarly, respondents who answered “No” were
prompted to end answering the questionnaire, and those who
answered “Yes” continued to the next question. The third
screening item was “Do you know the evaluation of the
physician (based on the most recent visit within three months)
on the Internet?” Only respondents who answered “Yes”
continued to answer the questions about the perception of
web-based word-of-mouth information, and respondents who
answered “No” were prompted to end answering the
questionnaire.

To ensure that the respondents responded seriously, the question
regarding the evaluation of physicians’ medical services
appeared twice in different places in the questionnaire.
Questionnaires with completely inconsistent answers (eg,
strongly disagree and very agree) were excluded. A total of 40
invalid respondents were screened out, and the final sample size
was 337. This sample size meets the requirement that the sample
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size should be 5-10 observations for each estimated parameter
[57,58].

Measurements
All items in this study are from mature scales, as shown in Table
1. Web-based information quality is a formative construct and
the measurements were from Zahedi and Song [59]. The
modified scale for perceived web-based word-of-mouth
information about physicians was derived from Collins and
Stevens [60]. As mentioned previously, there is a filter
item—“Do you know the evaluation of the physician (based on
the most recent visit within three months) on the
Internet?”—which asked the respondent whether he or she had
browsed through the web-based word-of-mouth information
about the physician from those who had previously consulted
that physician. With this filter item, we could ensure that the
respondent’s answers to web-based word-of-mouth information
and other items were for the same physician. The measurement
of perceived information scarcity about disease and physicians’
medical service was derived from Wells et al [23], who
developed reflective measures to assess individuals’ degree of
prepurchase information scarcity about products. The
measurement of fear of physicians’ opportunism was from the
measurement of fear of sellers’ opportunism [24,40], which
referred to patients’ concerns about the rationality of the visited

physicians’ treatment behaviors (eg, excessive examination and
high-priced drugs). Patients’ trust measurement was modified
from that suggested by McKnight et al [61] and Zhou et al [62].
Patients’ uncertainty about diseases was measured using the
community scale of uncertainty in illness (Mishel Uncertainty
in Illness Scale–Community form) [3]. Patients’ uncertainty
about physicians was modified from the perceived uncertainty
scale [63], which referred to patients’ uncertainty about the
rationality of medical services provided by physicians.
Respondents in this study are native Chinese speakers; therefore,
all items were translated into Chinese. We conducted
translation–back-translation procedure to ensure the validity of
our questionnaire. Specifically, the translated questionnaire was
evaluated by 2 doctoral students with relevant research
backgrounds. Some adjustments were made to the wording and
expression of the questionnaire based on their feedback. Items
of constructs (ie, perceived web-based word-of-mouth
information about physicians, perceived information scarcity,
fear of the physician’s opportunism, perceived uncertainty, and
trust) were measured by a 5-point Likert scale ranging from
complete disagreement (1) to complete agreement (5). Items of
the 4 dimensions of information quality were measured by the
extent to which the internet health information conforms to the
description in the item (eg, 1 point for a very low level and 5
points for a very high level).
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Table 1. Construct measurement.

ItemConstruct, label, and source

IQa [59]

For your health information needs, to what degree do you believe the internet health information provided by the
website was applicable to your needs?

Relevance1

For your health information needs, to what degree do you believe internet health information provided by the
website was related to your needs?

Relevance2

For your health information needs, to what degree do you believe internet health information provided by the
website was pertinent to your needs?

Relevance3

For your health information needs, to what degree do you believe internet health information provided by the
website was relevant to your needs?

Relevance4

For your health information needs, to what degree do you believe internet health information provided by the
website was clear in meaning?

Understandability1

For your health information needs, to what degree do you believe internet health information provided by the
website was easy to read?

Understandability2

For your health information needs, to what degree do you believe internet health information provided by the
website was easy to comprehend?

Understandability3

For your health information needs, to what degree do you believe internet health information provided by the
website was understandable?

Understandability4

For your health information needs, to what degree do you believe internet health Information provided by the
website was sufficient?

Adequacy1

For your health information needs, to what degree do you believe internet health information provided by the
website was complete?

Adequacy2

For your health information needs, to what degree do you believe internet health information provided by the
website was adequate?

Adequacy3

For your health information needs, to what degree do you believe internet health information provided by the
website contained the necessary topics or categories?

Adequacy4

For your health information needs, to what degree do you believe internet health information provided by the
website was informative?

Usefulness1

For your health information needs, to what degree do you believe internet health information provided by the
website was valuable?

Usefulness2

For your health information needs, to what degree do you believe internet health information provided by the
website was helpful?

Usefulness3

For your health information needs, to what degree do you believe internet health information provided by the
website was useful?

Usefulness4

PWOMb [60]

In online reviews, the physician is very popular and many patients come to see the physician.PWOM1

In online reviews, patients who visited the physician had a good experience.PWOM2

According to online reviews, the physician is a good physician.PWOM3

According to online reviews, the physician has a good relationship with patients.PWOM4

PSDc [23]

I have a good idea of the disease-related information (eg, symptoms, causes of disease, treatment methods, etc).PSD1

I have sufficient information about the disease (eg, symptoms, cause of disease, treatment, etc).PSD2

I possess adequate knowledge about the disease-related information (eg, symptoms, causes of disease, treatment
methods, etc).

PSD3

PSPMSd [23]

I have a good idea of the medical services of the physician whom I visited this time.PSPMS1

I have sufficient information about the medical services of the physician for this visit.PSPMS2

I possess adequate knowledge about the medical service information of the physician whom I visited this time.PSPMS3
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ItemConstruct, label, and source

FPOe [24]

In this visit, the physician might not have provided good service but charged a high price.FPO1

In this visit, the physician might have overexamined, unnecessarily examined, or overtreated me.FPO2

In this visit, the physician might have received a rebate for prescribing an overpriced drug (eg, imported drug).FPO3

In this visit, the physician might have breached formal or informal agreements to his or her benefit.FPO4

Tf [61,62]

The physician is sincerely concerned about my medical issuesT1

The physician is honest in his or her medical practicesT2

I believe that the physician does a very good jobT3

I feel that I can count on the physician to help me with my medical problemsT4

MUISg [3]

I don’t know what is wrong with meMUIS1

I have a lot of questions without answers.MUIS2

It is difficult to know if the treatments or medications I am getting are helping.MUIS3

Because of the unpredictability of my illness, I cannot plan for the future.MUIS4

The effectiveness of the treatment is undetermined.MUIS5

PUh [63]

I think the rationality of the medical services provided by the physician involves a high degree of uncertainty.PU1

I think the rationality of the medicine prescribed by the physician is uncertain.PU2

I think the rationality of the disease examination and treatment plan is uncertain.PU3

The rationality of the services provided by the physician is uncertain (ie, the service I received may not be exactly
what I wanted).

PU4

I feel the uncertainty associated with the rationality of the medical services provided by the physician is high.PU5

TDi [64]

I generally trust other people.TD1

I generally have faith in humanity.TD2

I feel that people are generally reliable.TD3

I generally trust other people unless they give me reasons not to.TD4

aIQ: web-based health information quality.
bPWOM: perceived web-based word-of-mouth information about physicians.
cPSD: perceived information scarcity about the diseases.
dPSPMS: perceived information scarcity about the physicians’ medical services.
eFPO: fears of physician’s opportunism.
fT: patients’ trust in the physician.
gMUIS: patients’ uncertainty about diseases.
hPU: patients’ uncertainty about the physician.
iTD: trust tendency.

To reduce other possible influences on our model, we considered
control variables in 3 ways, although these variables are not our
interest in this study. To reduce the possible influence of
individual differences, demographic information, such as gender,
age, education level, income per month, and occupation, is
controlled. To reduce the possible influence of the impact of
medical treatment, health-related and medical experience-related
factors are also controlled, such as the respondent’s health status,

the physician’s title (an official certification of a physician’s
quality by the government) [65], and the hospital’s level (an
official certification of a hospital’s quality by the government)
[65]. To reduce the possible influence of the respondent’s
characteristic of trust, the respondents’ trust tendency was also
controlled. For example, with the same word-of-mouth
information about a physician, some patients may easily trust
the physician, whereas others may still doubt the physician.
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Trust tendency [64] was also measured by a 5-point Likert scale
ranging from complete disagreement (1) to complete agreement
(5).

Results

Overview
As the model measured in this study has a formative construct,
partial least squares (PLS) structural equation modeling is
suitable for data analysis. SmartPLS (version 3.3.3, SmartPLS
GmbH) software was used in this study. In addition, PLS is also
widely used in information systems research owing to its relaxed
requirements for the normal distribution of samples, its ability
to process data with small sample size, and its applicability to
development theory rather than test theory [66]. We first used
SmartPLS (version 3.3.3, SmartPLS GmbH) software to test

the reliability and validity of the measurement model and then
tested the path coefficients of the structural model.

Descriptive Statistics
The respondents’ demographic information, health-related
information, and medical experience–related information are
shown in Table 2. More respondents were female (231/337,
68.5%). In terms of age distribution, age groups 21-30 years
(165/337, 49%) and 31-40 years (117/337, 34.7%) were the
most represented. Education level was relatively high, with high
school and below accounting for only 4.5% (15/337). The
monthly income distribution was relatively even. The surveyed
samples were mainly working people, with enterprise employees
accounting for 68.2% (230/337). The physicians’ titles and
hospitals’ levels are also relatively high.

Table 3 lists the descriptive statistics of the constructs involved
in the model.
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Table 2. Demographic profile, health-related information, and medical experience–related information (N=337).

Value, n (%)Characteristic

Gender

231 (68.5)Female

106 (31.5)Male

Age (years)

23 (6.8)18-20

165 (49)21-30

117 (34.7)31-40

32 (9.5)41-50

Education

25 (7.4)Postgraduate or above

246 (73)Undergraduate

51 (15.1)3-year college

11 (3.3)High school

4 (1.2)Middle school or below

Monthly income (RMB [US $])

55 (16.3)≤3000 (471.60)

40 (11.9)3000-5999 (471.60-943.20)

87 (25.8)6000-8999 (943.20-1414.80)

85 (25.2)9000-11,999 (1414.80-1886.40)

43 (12.8)12,000-14,999 (1886.40-2358)

27 (8)≥15,000 (2358)

Occupation

46 (13.6)Student

230 (68.2)Enterprise worker

39 (11.6)Civil servant

15 (4.5)Individual operator

7 (2.1)Others

Health status

14 (4.1)Excellent

56 (16.6)Very good

124 (36.8)Good

134 (39.8)Fair

9 (2.7)Poor

Physician’s title

103 (30.6)Assistant physician

123 (36.5)Associate physician

87 (25.8)Chief physician

24 (7.1)Not sure

Hospital’s level

52 (15.4)Primary hospital

72 (21.4)Intermediate hospital

203 (60.2)Senior hospital
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Value, n (%)Characteristic

10 (3)Not sure
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Table 3. Descriptive statisticsa.

Mean (SD)Maximum valueMinimum valueConstruct and item

PWOMb

4.04 (0.66)52PWOM1

4.16 (0.80)51PWOM2

4.08 (0.88)51PWOM3

4.09 (0.85)51PWOM4

PSDc

2.38 (0.83)51PSD1

2.62 (1.03)51PSD2

2.48 (0.97)51PSD3

PSPMSd

2.24 (0.76)51PSPMS1

2.25 (0.90)51PSPMS2

2.23 (0.87)51PSPMS3

FPOe

2.44 (1.04)51FPO1

2.40 (1.19)51FPO2

2.06 (1.07)51FPO3

1.90 (1.08)51FPO4

Tf

4.03 (0.76)51T1

4.12 (0.78)52T2

4.02 (0.79)51T3

4.10 (0.81)51T4

MUISg

2.27 (0.94)51MUIS1

2.70 (1.12)51MUIS2

2.60 (1.15)51MUIS3

2.35 (1.14)51MUIS4

2.64 (1.05)51MUIS5

PUh

2.63 (1.04)51PU1

2.28 (1.13)51PU2

2.32 (1.18)51PU3

2.43 (1.13)51PU4

2.34 (1.08)51PU5

TDi

3.73 (0.74)51TD1

3.91 (0.78)51TD2

3.72 (0.90)51TD3

3.78 (0.91)51TD4
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aThe web-based health information quality is a formative construct; therefore, the details of this construct are described in the Measurement Model
section.
bPWOM: perceived web-based word-of-mouth information about physicians.
cPSD: perceived information scarcity about the diseases.
dPSPMS: perceived information scarcity about the physicians’ medical services.
eFPO: fears of physician’s opportunism.
fT: patients’ trust in the physician.
gMUIS: patients’ uncertainty about diseases.
hPU: patients’ uncertainty about physicians.
iTD: trust tendency.

Common Method Variance
As with all self-reported data, we should examine the potential
common method variance. We follow the suggestions of
Podsakoff et al [67] to minimize potential common method
biases. First, we tried procedural remedies of Podsakoff et al
[67]. To reduce respondents’evaluation apprehension and avoid
their answers being socially desirable, at the beginning of the
questionnaire, we reminded them that their answers are
anonymous and there are no right or wrong answers to our
questions. All items in the questionnaire were designed in a
random order to ensure that the measurement of predictor and
criterion variables are psychologically separated for respondents.
To ensure that the scale items are specific, concise, and clear,
we also conducted the pilot test before the formal survey. We
modify the wording according to the feedback of the participants
to reduce ambiguity.

Second, the Harman single-factor test was conducted to diagnose
whether the common method bias is a problem [68]. We ran an
exploratory factor with all variables included [23]. The results
showed that more than one factor can be extracted from the
unrotated solution, and the variance contribution rate of the first
factor was not more than 50% (23.7%), so there was no one
single major factor that can reflect the majority covariance of
all items, indicating that common method bias was not serious
[57].

Moreover, based on our survey context and the suggestions of
Podsakoff  e t  a l  [67] ,  we  conduc ted  a
single-common-method-factor approach by controlling for the
effects of a single unmeasured latent method factor to control
the common method variance. Following Liang et al [69], we
included in the PLS model a common method factor whose
indicators included all the indicators of the constructs in this
study. We calculated each indicator’s factor loadings and
variances substantively explained by the construct and by the
method factor. Multimedia Appendix 1 provides the detailed
procedure and results [67,69,70]. As shown in Table S1 in
Multimedia Appendix 1, most factor loadings of the method
factor are insignificant. The average substantively explained
variance of the indicators is 0.594, whereas the average
method-based variance is 0.002. The ratio of substantive
variance to method variance was 297:1, indicating the variance
of each observed indicator explained by its substantive construct

is substantially greater than the variance explained by the
method factor. Therefore, based on the studies by Liang et al
[69] and Williams et al [70], we further conclude that common
method bias is not a serious problem in this study.

Measurement Model
First, we tested the reliability and validity of the formative
indicators (ie, web-based information quality). As web-based
health information quality is a second-order formative construct,
this study follows the method suggested by Wetzels et al [71].
In the structural equation model, four first-order reflective
constructs (ie, information relevance, understandability,
adequacy, and usefulness) point to the second-order constructive
variable (information quality). A total of 16 items in the first
order are taken as the measurement items of second-order
constructs. PLS and Bootstrap were used to test the reliability
and validity of the model and the outer weight of second-order
formative constructs. First, the results of reliability and validity
test of first-order reflective constructs showed information
relevance (Cronbach α=.641; composite reliability [CR]=0.786;
average variance extracted [AVE]=0.480), information
understandability (Cronbach α=.726; CR=0.830; AVE=0.551),
information usefulness (Cronbach α=.699; CR=0.816;
AVE=0.526), and information adequacy (Cronbach α=.868;
CR=0.910; AVE=0.717) all have good reliability and validity.
Then, we tested the reliability and validity of the information
quality of the second-order formative index, and the weight of
the information quality (0.263, 0.314, 0.293, and 0.463) was
>0.2 and significant at the level of P<.001, which passed the
reliability and validity test of the formative construct. The
variance inflation factors among all items were <2, satisfying
the multicollinearity test, and the outer weight was significant
and >0.2 [72].

Second, reflective indicators of this model were tested. We
followed the methods suggested by Lewis et al [58] and Straub
et al [73] to test the reliability and validity of the measurement
model. The results are listed in Table 4. First of all, we tested
the reliability of the constructs. The results show that the
component reliability of each construct is >0.7 with good
internal consistency [74,75]. The average variance extraction
is also >0.5, which has good convergent validity [76]. In most
cases, Cronbach α is >.7, and in all cases, the values are >0.6,
which are within the acceptable range [66].
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Table 4. Construct reliability and validity.

AVEbCRaCronbach αItem loadingConstruct and item

0.5000.793.653PWOMc

0.703PWOM1

0.695PWOM2

0.712PWOM3

0.689PWOM4

0.6580.852.740PSDd

0.797PSD1

0.832PSD2

0.805PSD3

0.6200.830.695PSPMSe

0.758PSPMS1

0.784PSPMS2

0.820PSPMS3

0.6920.900.852FPOf

0.821FPO1

0.811FPO2

0.863FPO3

0.831FPO4

0.6940.919.890PUg

0.861PU1

0.828PU2

0.828PU3

0.803PU4

0.844PU5

0.5540.861.797MUISh

0.663MUIS1

0.772MUIS2

0.790MUIS3

0.706MUIS4

0.783MUIS5

0.5540.832.731Ti

0.710T1

0.759T2

0.805T3

0.699T4

0.5800.846.760TDj

0.834TD1

0.796TD2

0.740TD3

0.666TD4
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aCR: composite reliability.
bAVE: average variance extracted.
cPWOM: perceived web-based word-of-mouth information about physicians.
dPSD: perceived information scarcity about the diseases.
ePSPMS: perceived information scarcity about the physicians’ medical services.
fFPO: fears of physician’s opportunism.
gPU: patients’ uncertainty about physicians.
hMUIS: patients’ uncertainty about diseases.
iT: patients’ trust.
jTD: trust tendency.

As shown in Table 5, we also tested the discriminant validity
of the measurement model. The square root of the AVE (ie,
italicized number on the diagonal line) for each factor in the
table is larger than the correlation coefficient between the factor

and other factors, so this measurement model has good
discriminant validity [76]. Therefore, all the reflective constructs
of this measurement model have good reliability and validity.

Table 5. Discriminant validity analysisa.

PSDiMUIShFPOgTfPWOMePSPMSdPUcIQbConstruct

————————jIQ

——————0.833−0.323PU

—————0.7880.258−0.506PSPMS

————0.700−0.511−0.3360.405PWOM

———0.7440.532−0.473−0.5390.379T

——0.832−0.380−0.2680.1180.711−0.154FPO

—0.7440.507−0.497−0.2790.3010.678−0.365MUIS

0.8110.2960.068−0.334−0.2730.4870.255−0.588PSD

aThe italicized values represent the square root of the average variance extracted for each construct.
bIQ: web-based health information quality.
cPU: patients’ uncertainty about the physician.
dPSPMS: perceived information scarcity about the physicians’ medical services.
ePWOM: perceived web-based word-of-mouth information about physicians.
fT: patients’ trust in the physician.
gFPO: fears of physician’s opportunism.
hMUIS: patients’ uncertainty about diseases.
iPSD: perceived information scarcity about the diseases.
jNot applicable.

Construct Model and Results
We used PLS to test the hypotheses of this model and the
Bootstrap method to test the significance of path coefficients
[77]. The results are shown in Figure 2, and the path coefficients
and T values are shown in Table 6. The control variables were
also included in the model as predictors of the finally dependent
variable (ie, patients’ uncertainty about the diseases). From

Figure 2, the R2 of this model for patients’ uncertainty in
diseases is 0.515. Both the disease- and physician-related
uncertainty mitigators have significant effects on the uncertainty

antecedents. Specifically, web-based health information quality
can reduce patients’ perceived information scarcity about
diseases (β=−.588; P<.001), supporting H1. Patients’ perceived
web-based word-of-mouth information about physicians can
reduce patients’ perceived information scarcity about the
physician’s medical service (β=−.511; P<.001) and fears of
physicians’ opportunism (β=−.268; P<.001), thus supporting
H2 and H3. Patients’ perceived web-based word-of-mouth of
physicians also increases patients’ trust in the visited physician
(β=.318; P<.001), supporting H6.
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Figure 2. Structural equation model results. H: hypothesis.

Table 6. Hypotheses test results.

ResultP valuePath coefficient (SD)PathHypothesis

Supported<.001−.588 (0.035)IQa→PSDH1

Supported<.001−.511 (0.045)PWOMb→PSPMScH2

Supported<.001−.268 (0.048)PWOM→FPOdH3

Supported<.001−.279 (0.062)PSPMS→TeH4

Supported<.001−.262 (0.050)FPO→TH5

Supported<.001.318 (0.068)PWOM→TH6

Supported.02.111 (0.045)PSDf→MUISgH7

Rejected but fully mediated by patients’ trust in the physician.22.051 (0.045)PSPMS→PUhH8

Supported<.001−.288 (0.043)T→PUH9

Supported and partially mediated by patients’ trust in the
physician

<.001.596 (0.047)FPO→PUH10

Supported<.001.587 (0.043)PU→MUISH11

aIQ: web-based health information quality.
bPWOM: perceived web-based word-of-mouth information of the physician.
cPSPMS: perceived information scarcity about the physicians’ medical services.
dFPO: fears of physician’s opportunism.
eT: patients’ trust in the physician.
fPSD: perceived information scarcity about the diseases.
gMUIS: patients’ uncertainty about diseases.
hPU: patients’ uncertainty about the physician.

Patients’ perceived information scarcity about the physician’s
medical service reduces their trust in the visited physician
(β=−.279; P<.001), supporting H4. Fear of physicians’
opportunism reduces patients’ trust in the visited physician
(β=−.262; P<.001), supporting H5. Patients’ perceived
information scarcity about the diseases increases patients’
uncertainty in diseases (β=.111; P=.02), supporting H7.

However, patients’ perceived information scarcity about
physicians’ medical services has no significant influence on
patients’ uncertainty in the visited physician (β=.051; P=.22),
thus rejecting H8. Patients’ trust in the visited physician can
reduce patients’ uncertainty in the visited physician (β=−.288;
P<.001), supporting H9. Fear of physicians’ opportunism has
the most significant positive effect to increase patients’
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uncertainty about the physician (β=.596; P<.001), supporting
H10. Finally, uncertainty about the visited physician can
increase patients’ uncertainty in diseases (β=.587; P<.001),
supporting H11.

Besides respondents’ perception about their health status, other
control variables have no significant influence on the model.
Health status has a significantly negative impact on the model,
which means that compared with patients who feel their health
status is poor, patients who feel they are healthy perceive a
higher level of uncertainty about the diseases.

To further explore the possible explanation of the rejection of
H8, we conducted the Sobel test [78,79] to investigate the
mediation role of trust in the relationship between the
uncertainty antecedents and patients’ uncertainty about the
physician. From the results in Table 7, after introducing patients’

trust in their physicians, the relationship between patients’
perceived information scarcity about physicians and their
uncertainty about the physicians becomes nonsignificant,
indicating that patients’ trust in their physicians fully mediates
the relationship of H8; therefore, the direct relationship of H8
is rejected, and only when more information can increase
patients’ trust, their uncertainty about physicians can be reduced.
Moreover, increasing physicians’ medical service information
can be effective in reducing patients’ uncertainty about their
physicians. The relationship between patients’ fear of the
physician’s opportunism and their uncertainty about the
physician is still significant, indicating patients’ trust in their
physicians partially mediates the relationship of H10. The Sobel
test statistics [80] are also significant, which further confirms
that patients’ trust in their physicians plays the role of mediation.

Table 7. The Sobel test of the mediating effect of patients’ trust in the physician.

P valueSobel test statisticPath coefficient (SD)Hypothesis and path

<.0016.5734N/AbHypothesis 8a

PSPMSc→PUd

.02N/A.120 (0.054)Without mediator

.29N/A−.055 (0.052)With mediator

<.001N/A−.476 (0.053)PSPMS→Te

<.001N/A−.492 (0.051)T→PU

<.0015.2280N/AHypothesis 10f

FPOg→PU

<.001N/A.656 (0.040)Without mediator

<.001N/A.579 (0.047)With mediator

<.001N/A−.380 (0.047)FPO→T

<.001N/A−.281 (0.041)T→PU

aFully mediated.
bN/A: not applicable.
cPSPMS: perceived information scarcity about the physicians’ medical services.
dPU: patients’ uncertainty about the physician.
eT: patients’ trust in the physician.
fPartially mediated.
gFPO: fears of physician’s opportunism.

Discussion

Principal Findings
This study investigated the mechanism of how web-based health
information search behavior reduces patients’ uncertainty. Our
empirical test results supported most of our hypotheses, except
H8. Patients’ perceived web-based word-of-mouth information
about physicians and the quality of web-based health
information can effectively reduce patients’ uncertainty about
diseases and physicians. The uncertainty reduction effect is
achieved by affecting the antecedent factors of patients’
uncertainty, including patients’ fears of physicians’opportunism,

patients’ perceived information scarcity, and patients’ trust,
which are all the traits of principal-agent relationship.

Specifically, the higher the possibility of the physician’s
opportunism and information scarcity perceived by patients,
the greater their uncertainty. Among the antecedents of patient
uncertainty, patients’ fear of physicians’ opportunism has the
most significant impact on patients’ uncertainty about
physicians. By segmenting patients’ uncertainty, this research
discussed the relationship between patients’ uncertainty about
the diseases and patients’ uncertainty about physicians. The
results show that patients’ uncertainty about physicians has a
significant positive impact on patients’ uncertainty about
diseases.
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In addition, this study also demonstrated the significant role of
patients’ trust in physicians. Patients’ perceived web-based
word-of-mouth information about physicians can enhance
patients’ trust in physicians. Patients’ having more information
and less fear of physicians’ opportunistic behaviors also
increases patients’ trust. However, from the result of the
mediation test, only when the information can increase patients’
trust in their physicians, patients’ uncertainty about physicians
can be reduced; thus, increasing physicians’ medical service
information can be effective in reducing patients’ uncertainty
about their physicians. Patients’ trust in their physicians fully
mediates the relationship between their perception of
information scarcity about the physicians’ medical service and
their uncertainty about their physicians.

Theoretical Contributions
First, on the basis the principal-agent theory and from the
perspective of reducing patient uncertainty, this study is the
first to explore the influence mechanism of web-based
disease-related information quality and web-based
word-of-mouth information received by patients on patients’
uncertainty. It is to be noted that information can reduce
uncertainty, but the mechanism of how information reduces
uncertainty is not clear. Therefore, we propose our uncertainty
mitigators–uncertainty antecedents–uncertainty framework to
explore the mechanism. On the basis of the URT, web-based
information quality and web-based word-of-mouth information
of physicians effectively reduce the antecedents of patients’
uncertainty, including perceived information scarcity, fears of
physicians’ opportunism, and trust. Thus, patients’ uncertainty
about the disease and the physician are reduced.

Second, this study enriches the literature on patients’uncertainty
by classifying patients’ uncertainties into patients’ uncertainty
about the diseases and patients’ uncertainty about their
physicians. Following the classification of consumers’
uncertainty about sellers and products by Dimoka et al [15], we
also found that patients’ uncertainty about diseases and
physicians should be distinguished. In particular, we explored
the role of patients’ uncertainty about physicians, which has
been rarely studied in the existing literature. Reducing patients’
uncertainty about their physicians can further reduce their
uncertainty about diseases.

Third, this study emphasizes the significant role of patients’
trust. As an important factor in principal-agent relationships,
trust is the most valuable aspect [43]. We also found that without
trust, just increasing patients’ information does not help reduce
their uncertainty about their physicians. This result further
supports the fact that building trust is crucial to address the
principal–agent problem.

Practical Contributions
First, this study found that the better the web-based
word-of-mouth information of a physician and information
quality obtained by patients, the better the reduction in patients’

uncertainty. Therefore, for physicians in the internet era,
attention should be paid to the role of web-based health
information. More authoritative, more reliable, and
higher-quality web-based platforms should be provided to meet
patients’demands for health information. In addition, physicians
should encourage offline patients to participate in web-based
word-of-mouth evaluations, maintain their own web-based
word-of-mouth information, and provide more information
about their services to potential patients [81]. Web-based
word-of-mouth information can reach a wider audience and has
a greater impact than offline word-of-mouth information.
Web-based word-of-mouth information can effectively nudge
physicians to improve their service quality and help patients
acquire relevant information about physicians, thereby reducing
patients’ uncertainty [39].

Second, from the full mediator role of trust, web-based
information is effective only when this information can help
build patients’ trust in their physicians. This suggests that
web-based platforms that provide information (ie, web-based
word-of-mouth information about physicians) should strictly
check the quality of the information. More importantly,
platforms can provide some cues to inform patients that the
information is trustworthy, such as third-party certifications and
guarantees. Only when patients can trust their physicians through
this information can it help reduce their uncertainties.

Limitations and Future Directions
First, as for the sample composition, there are 3 prerequisites
for this study. Only those who might have a certain disease and
had seen the physicians offline within the past 3 months, read
the web-based word-of-mouth information about physicians,
and engaged in web-based disease information search behaviors
were eligible, which resulted in a large overrepresentation of
younger people in our sample. More than 90.5% (305/337) of
our respondents were aged <40 years, so the sample had possible
self-selection bias and a bias of young age. Second, regarding
the collection time of data, the research data were collected in
May 2020 after the COVID-19 epidemic in China. The external
validity of the results may be jeopardized. Then, this study only
considered the influence mechanism of web-based
word-of-mouth information about physicians on offline patients’
trust. Future studies can further consider the situation of
web-based health consultation and investigate the possible
differences in web-based health information on the
physician-patient relationship in different channels. Moreover,
because the focus of this study is the information about diseases
and physicians, the respondents’ health status is controlled, and
the result shows that respondents’ perception of their health
status influences their uncertainty. Future studies can further
discuss and explain the effect of health status. Finally, the study
data were cross-sectional subjective data, which were provided
by the same subjects at the same time, and future studies can
use longitudinal analysis or experiments to better test the causal
relationships in the model.
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Abstract

Background: Innovative surveillance methods are needed to assess adherence to COVID-19 recommendations, especially
methods that can provide near real-time or highly geographically targeted data. Use of location-based social media image data
(eg, Instagram images) is one possible approach that could be explored to address this problem.

Objective: We seek to evaluate whether publicly available near real-time social media images might be used to monitor
COVID-19 health policy adherence.

Methods: We collected a sample of 43,487 Instagram images in New York from February 7 to April 11, 2020, from the following
location hashtags: #Centralpark (n=20,937), #Brooklyn Bridge (n=14,875), and #Timesquare (n=7675). After manually reviewing
images for accuracy, we counted and recorded the frequency of valid daily posts at each of these hashtag locations over time, as
well as rated and counted whether the individuals in the pictures at these location hashtags were social distancing (ie, whether
the individuals in the images appeared to be distanced from others vs next to or touching each other). We analyzed the number
of images posted over time and the correlation between trends among hashtag locations.

Results: We found a statistically significant decline in the number of posts over time across all regions, with an approximate
decline of 17% across each site (P<.001). We found a positive correlation between hashtags (#Centralpark and #Brooklynbridge:
r=0.40; #BrooklynBridge and #Timesquare: r=0.41; and #Timesquare and #Centralpark: r=0.33; P<.001 for all correlations).
The logistic regression analysis showed a mild statistically significant increase in the proportion of posts over time with people
appearing to be social distancing at Central Park (P=.004) and Brooklyn Bridge (P=.02) but not for Times Square (P=.16).

Conclusions: Results suggest the potential of using location-based social media image data as a method for surveillance of
COVID-19 health policy adherence. Future studies should further explore the implementation and ethical issues associated with
this approach.

(J Med Internet Res 2022;24(3):e24787)   doi:10.2196/24787
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Introduction

Innovative surveillance methods are needed to assess adherence
to COVID-19 recommendations [1], especially methods that
can provide near real-time or highly geographically targeted
data [2,3]. Social media, phone mobility data, and digital tracing
apps have been discussed as potential data sources to use to
better understand and track COVID-19–related behaviors and
policy adherence [4-8]. However, no known COVID-19 or other
research has examined whether social media images posted on
a location hashtag (eg, #Centralpark) might inform regional
surveillance and intervention efforts. Understanding these trends
in local adherence to emergency public health orders could help
inform public health and clinical needs. Accordingly, in a pilot
study, we evaluated whether publicly available images might
be used as a low-cost, near real-time method to monitor
adherence to COVID-19 health policies.

Methods

Instagram is the most popular photo-sharing application in the
United States. It allows users to take pictures of their current
activities and environment, and share them with others in real
time. Pictures can have location tags where users can post
pictures to a specific topic thread (eg, pictures taken in Central
Park, New York). Approximately 37% of US adults use
Instagram, with 75% of use among those 18-24 years of age,
57% among those 25-29 years of age, 47% among those 30-49
years of age, 23% among those 50-64 years of age, and 8%
among people 65 years and older [9].

We built a Python web crawler to collect Instagram images and
corresponding user information and metadata. Specifically, the
Beautiful Soup package was used to parse the original HTML
files. The keywords, with hashtags such as #brooklynbridge,
were used to identify relevant data. The images were only
collected from public accounts, which led to a sample of 43,487
Instagram images in New York from February 7 to April 11,
2020, during a timeline throughout which New York
COVID-19–related public health recommendations shifted from
no recommendations (March 1, 2020, the first confirmed case
within New York; March 5, 2020, Mayor de Blasio reports that
fears should not keep New Yorkers off the subway), to
heightened awareness (March 7, 2020, Governor Cuomo
declares a state of emergency), to statewide stay-at-home orders
for all nonessential activities, including limiting all outdoor
activities with a possibility of coming into close contact with
others (March 22, 2020). For example, as part of the
stay-at-home order, New Yorkers were instructed that all
nonessential gatherings of individuals of any size for any reason
should be canceled or postponed. They were also informed that
individuals should limit outdoor recreational activities to
noncontact and avoid activities where they come in close contact
with other people [10].

Images were only collected from location hashtags known for
nonessential activities or crowded spaces where it would likely
be difficult for people to socially distance (#Centralpark;
n=20,937), #Brooklyn Bridge (n=14,875), and #Timesquare
(n=7675). These data were collected to attempt to describe the

changing response to stay-at-home orders within these locations.
We excluded images that might have been posted by the same
person by only retaining up to 1 image per day per username.
We also excluded images if we were unable to verify location.
The final sample of images were manually reviewed by 23
graduate students to attempt to visually verify that the
individuals in the pictures were at the hashtag locations (eg,
images posted to #Brooklynbridge were excluded if they
appeared to be indoors). Intercoder reliability was assessed by
having students each label a subset of the sample of pictures to
determine consistency. These students then reviewed the labels
to resolve inconsistencies. This process occurred on the final
sample.

We counted and recorded the frequency of valid daily posts at
each of these hashtag locations over time (trend in frequency
of posts at each hashtag location), as well as rated and counted
whether the individuals in the pictures at these location hashtags
were social distancing (ie, whether the individuals in the images
appeared to be distanced from others vs next to or touching each
other). As an additional metric for assessing the
reliability/consistency of findings, we also measured the
correlation between the location hashtags in their frequency of
posts over time using data from the entire sample of individuals
associated with these locations. The graduate students rating
the pictures were provided with guidance on how to conduct
the rating and reviewed for agreement, including instructing
them to estimate social distancing based on individuals in the
photos not touching or being directly next to other individuals
(ie, not posing with, standing, or sitting next to each other).

We used R software (R Foundation for Statistical Computing)
to conduct regressions analyzing the number of images posted
over time and to calculate the correlation between trends among
hashtag locations (eg, the correlation between frequency of daily
images posted to #Centralpark and #Brooklyn Bridge). For
illustration purposes, we calculated the average number of
images posted before versus after the first New York case
(March 1, 2020). Logistic regression was used to estimate
changes in the proportion of posts exhibiting social distancing
over time. City University of Hong Kong research ethics
committee (#2-25-202001-01) and the University of California,
Irvine Institutional Review Board approved this study.

Results

The final sample included 37,447 manually verified images:
#Centralpark (n=17,761), #Brooklynbridge (n=13,459), and
#Timesquare (n=6227). A total of 100 randomly selected images
were reviewed by 4 of the 23 labelers to assess intercoder
reliability that individuals in the pictures were at the reported
hashtag locations (kappa=0.64). We found a statistically
significant decline in the number of posts over time across all
regions, with an approximate decline of 17% across each site
(P<.001; Figure 1 and Table 1). We found a positive correlation
between hashtags (#Centralpark and #Brooklynbridge: r=0.40;
#BrooklynBridge and #TimesSquare: r=0.41; and #Timesquare
and #Centralpark: r=0.33; P<.001 for all correlations). The
logistic regression analysis showed a mild statistically significant
increase in the proportion of posts over time with people
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appearing to be social distancing at Central Park (P=.004) and Brooklyn Bridge (P=.02) but not for Times Square (P=.16).

Figure 1. Number of images posted to the location hashtags over time, New York, 2020. Trendlines are estimated by a third-order polynomial function.

Table 1. Change in mean number of daily Instagram images for each location, New York, 2020.

P value95% CISlope
Number of daily posts after March
1, 2020, mean (% change)

Number of daily posts be-
fore March 1, 2020, meanLocation

<.001–2.89 to –0.62–1.76282.2 (–13.7)342.8Central Park

<.001–2.61 to –0.71–1.66218.3 (–17.7)252.9Brooklyn Bridge

<.001–1.45 to –0.62–1.0399.2 (–17.2)119.8Times Square

Discussion

Results suggest that publicly available image data might be
incorporated into public health surveillance methodologies as
an additional tool for monitoring people’s adherence to public
health guidelines, such as for the COVID-19 pandemic. We
collected more than 40,000 images throughout a 10-week study
period, which provided potential information about people’s
locations and adherence to stay-at-home orders. Sample data
were a small subset of available images, and for only 1 city,
suggesting that this approach could be scaled and automated
with artificial intelligence to assist with near real-time regional
health surveillance. Although this is a pilot study to explore this
new approach for surveillance, it provides an opportunity for
future researchers to explore expanding these methods using
artificial intelligence and to assess the potential
cost-effectiveness of this approach.

There are a number of potential public health and emergency
clinical applications of this research. First, health officials might

use social media image data to better understand trends in
adherence to COVID-19 prevention and other health policies.
Second, using similar methods as other areas of health
informatics, social media image data could be analyzed in health
prediction models alongside other data sources, including case
diagnoses, health services use, and demographic information,
to learn how social media images might predict future
COVID-19 cases within a specific region or county [11,12].
Finally, by providing data on where, when, how, and who are
adhering or not adhering to health recommendations within a
specific region, these data might help inform both the need for
and ability to craft education and behavior change campaigns
that are tailored to specific demographic or regional audiences
[13,14], as well as trends in potential future local emergency
department visits related to COVID-19 [15].

Although the number of posts decreased by approximately 17%
throughout the study period, on average, 600 posts continued
per day after issuance of stay-at-home orders, supporting the
continued need for behavior change interventions. Although
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we found a correlation between locations, the percentage
reduction in images posted was greatest for #Timesquare and
least for #Centralpark. This may be because Times Square is
primarily a tourist location (and tourist activity substantially
diminished), while people may have continued to use Central
Park to exercise.

This study was limited by a New York focus and inability to
verify the exact location, time of photo, or demographic
information (eg, race, sex, or home city) about the users and a
biased sample of Instagram users. Future research may help to
address these questions by incorporating survey data into the
current types of methods. Instagram’s younger demographic
[9] might help to explain the relatively small reduction in images
posted after issuance of stay-at-home orders due to the common
desire for independence and reduced risk perception among this
age group. In addition, there are limitations with the social
distancing measure (eg, it would code household members
sitting together in the park having a picnic as not adhering to
social distancing, when household members sitting together is
appropriate, and we were unable to verify the specific number
of feet individuals were from each other). We are also unable
to identify why people were in these locations. As restrictions
lessened over time to allow certain recreational activities, it
would be helpful in future research to develop tools (eg, through

artificial intelligence) that could help to identify the specific
types of activities participants are doing to better understand if
they were adhering to policy recommendations. Despite being
publicly accessible data and social media–based public health
surveillance research being supported by government agencies
(eg, Centers for Disease Control and Prevention) [12,16-18],
privacy and ethics-related concerns need to be further explored
before implementation [19]. Relatedly, in the future, it is
possible that people would intentionally choose to alter their
behavior due to demand characteristics or surveillance efforts
[20], including deciding to not post to certain location hashtags
if they thought this method might be used for surveillance
efforts. However, we believe it is unlikely that people would
alter their behavior in this way as people continue to publicly
share large amounts of personal health information (eg, sexual
risk behaviors and drug use) on social media despite ongoing
monitoring of social media and digital data [21].

As states and local health departments continue to issue public
health orders, a large number of surveillance tools and
approaches are needed to control the growing COVID-19
pandemic. Results from this pilot study suggest that image data
might be explored and integrated with traditional epidemiology
approaches to help address and better inform local health and
emergency department efforts.
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Abstract

Background: The treatment of many chronic illnesses involves long-term pharmaceutical therapy, but it is an ongoing challenge
to find effective ways to improve medication adherence to promote good health outcomes. Cardioprotective medications can
prevent the enlargement of harmful clots, cardiovascular symptoms, and poor therapeutic outcomes, such as uncontrolled high
blood pressure and hyperlipidemia, for patients with coronary heart disease. Poor adherence to cardioprotective medications,
however, has been reported as a global health concern among patients with coronary heart disease, and it is particularly a concern
in China.

Objective: This study aimed to evaluate the efficacy of a mobile health (mHealth) intervention using 2 mobile apps to improve
medication adherence and health outcomes.

Methods: A randomized, placebo-controlled, 2-arm parallel study was conducted in a major university-affiliated medical center
located in Chengdu, China. Participants were recruited by flyers and health care provider referrals. Each participant was observed
for 90 days, including a 60-day period of mHealth intervention and a 30-day period of nonintervention follow-up. The study
coordinator used WeChat and Message Express to send educational materials and reminders to take medication, respectively.
Participants used WeChat to receive both the educational materials and reminders. Participants in the control group only received
educational materials. This study received ethics approval from the Duke Health Institutional Review Board (Pro00073395) on
May 5, 2018, and was approved by West China Hospital (20170331180037). Recruitment began on May 20, 2018. The pilot
phase of this study was registered on June 8, 2016, and the current, larger-scale study was retrospectively registered on January
11, 2021 (ClinicalTrials.gov).

Results: We recruited 230 patients with coronary heart disease. Of these patients, 196 completed the baseline survey and received
the intervention. The majority of participants were married (181/196, 92.4%), male (157/196, 80.1%), and lived in urban China
(161/196, 82.1%). Participants’ average age was 61 years, and half were retired (103/191, 53.9%). More than half the participants
(121/196, 61.7%) were prescribed at least 5 medications. The mean decrease in medication nonadherence score was statistically
significant at both 60 days (t179=2.04, P=.04) and 90 days (t155=3.48, P<.001). Systolic blood pressure and diastolic blood pressure
decreased in the experimental group but increased in the control group. The mean decrease in diastolic blood pressure was
statistically significant at both 60 days (t160=2.07, P=.04) and 90 days (t164=2.21, P=.03). The mean decrease in systolic blood
pressure was significantly different in the groups at 90 days (t165=3.12, P=.002).
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Conclusions: The proposed mHealth intervention can improve medication adherence and health outcomes, including systolic
blood pressure and diastolic blood pressure.

Trial Registration: ClinicalTrials.gov NCT02793830; https://clinicaltrials.gov/ct2/show/NCT02793830 and ClinicalTrials.gov
NCT04703439; https://clinicaltrials.gov/ct2/show/NCT04703439

(J Med Internet Res 2022;24(3):e27202)   doi:10.2196/27202
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Introduction

Coronary heart disease (CHD) is a heart and blood vessel disease
related to atherosclerosis in which plaque builds up in the walls
of the coronary arteries, narrowing the arteries and restricting
the flow of blood [1]. CHD is the world’s leading cause of death
[2], accounting for over one-third of all deaths in individuals
over the age of 35 [3]. Approximately 4 out of 5 global deaths
caused by CHD occur in low- and middle-income countries [4],
and the burden of CHD is anticipated to increase in these
countries [5]. By the year 2030, CHD is projected to cause more
than 9 million deaths yearly [6]. China is the world’s largest
low- or middle-income country [7,8], and in China, CHD is the
second leading cause of death, accounting for over 1.5 million
deaths per year [9,10]. CHD has been an enormous economic
burden on Chinese society in terms of health care costs and loss
of productivity, and the mortality rate of CHD is increasing
[11,12]. The administration of cardioprotective medications is
a key treatment modality for CHD and a preventive measure
against cardiovascular events [13,14]. Cardioprotective
medications, including antiplatelet drugs, beta-blockers, calcium
channel blockers, statins, and angiotensin-converting enzyme
inhibitors can reduce the mortality rate of CHD [15-17].

In China, however, poor adherence to cardioprotective
medications has been reported as a public health concern [18],
contributing to increased health care costs and a high mortality
rate for cardiovascular diseases [14,19-21]. For example, studies
in China have shown that 18.2% to 38% of patients with CHD
did not adhere to their statin medications [22,23], and only 49%
consistently used beta-blockers after hospital discharge [16,21].
The vast majority of highly qualified health care providers in
China practice in large urban hospitals; for serious illness, such
as CHD, patients prefer to utilize large hospitals rather than
local primary health care clinics [24,25]. Under this
treatment-focused health care utilization model, many patients
with CHD in China receive prescriptions and medication-related
education without a primary care clinician to monitor their
medication-taking behavior [20]. Consequently, after being
discharged from the hospital, patients often do not receive proper
follow-up care or information regarding medication-taking
behavior [19,23]; therefore, it is important to develop innovative
interventions to address this issue. Mobile health (mHealth) is
defined as the use of portable electronic devices with software
applications to provide health care services and manage patient
information [26-28]. China has 1.3 billion mobile phone users
[29]; mobile technology is booming, with 97% of netizens using
mobile phones to access the internet [30]. Pilot studies
conducted in China have shown that it is feasible and acceptable

to implement an mHealth intervention to improve medication
adherence among patients with CHD [19].

After these pilot studies, mobile phone–based mHealth
interventions have been conducted in the field of cardiovascular
medicine in China [31-34], but none of them has been
specifically aimed at improving medication adherence among
patients with CHD, nor has any of them tested mHealth
interventions that integrate 2 mobile apps. For example, in
Shanghai, Dorje et al [31] conducted an mHealth intervention
using social media to send participants educational materials to
promote cardiac rehabilitation and secondary prevention, but
the educational materials were not specifically about medication
adherence. Also, reminders to take medication were not a
primary intervention in this study; only participants whose blood
pressure was outside the target level received reminders. In
Guangzhou, Li et al [34] evaluated an mHealth intervention
that aimed to improve blood pressure and self-management
behavior in people with hypertension, but this intervention was
neither specifically designed to improve medication adherence
nor focused on patients with CHD. These studies indicate that
although using mHealth interventions to improve medication
adherence is a promising approach, more evidence is needed to
examine the effect of mHealth intervention on improving
medication adherence and clinical outcomes among patients
with CHD [35]. The aim of this paper was to assess if our mobile
phone–based mHealth intervention could improve medication
adherence and relevant health outcomes (ie, systolic blood
pressure, diastolic blood pressure, and heart rate) among patients
with CHD in comparison to a control group that received general
educational materials over a period of 60 days. The pilot phase
of this study was registered in ClinicalTrials.gov
(NCT02793830) on June 8, 2016, and the current, larger-scale
study was retrospectively registered (NCT04703439) on January
11, 2021. This was because we wanted to make the study more
accessible to the public and also because we believed that this
would better reflect the continuousness of our mHealth
intervention, from the initial evaluation of its feasibility and
acceptability (ie, the pilot phase) to the later evaluation of its
efficacy (ie, the larger-scale phase).

Methods

mHealth Technologies
This study used 2 mobile apps: WeChat (Tencent Inc) and
Message Express (Bluemobile.zt). WeChat is the most widely
used messaging app in China [36]. Message Express (also
known as “Xiao Xi Su Di” in Chinese) is a message saving and
delivery app that can send personalized messages to a WeChat

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27202 | p.812https://www.jmir.org/2022/3/e27202
(page number not for citation purposes)

Ni et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/27202
http://www.w3.org/Style/XSL
http://www.renderx.com/


account. It can be integrated with WeChat to deliver reminders
to take medication from a message library. After saving a library
of reminders to Message Express, a clinician can easily choose
personalized reminders in Message Express and send them to
a participant’s WeChat. BB Reminder is a third-party app with
similar functions to Message Express that we used in the pilot
study, but it became unavailable after April 2018. Thus, in this
study, our study coordinator used WeChat and Message Express
to send educational materials and reminders to take medication,
respectively. Participants used WeChat to receive both
educational materials and reminders. At baseline, we assessed
the mobile phone literacy of participants by recording the length
of time they had been using WeChat, their frequency of WeChat
use, and their educational level. To protect participants’ data
and privacy, we followed the patient privacy policies of West
China Hospital and Duke University and used an encrypted
cellphone to send messages. Participants’ data were stored in a
secure database (REDCap, Vanderbilt University). No data were
stored in WeChat or Message Express.

Study Design and Participants
This unblinded, 2-arm, parallel randomized controlled trial was
conducted between May and December 2018 at the Cardiology
Department of West China Hospital, located in Chengdu. West
China Hospital is a major university-affiliated hospital that
serves more than 10,000 outpatients a day [37]. A total of 230
participants were recruited for this study using flyers and health
care provider referrals [19]. The sample size was determined
by a statistical power analysis (Gpower 3.1), with an α of 0.05,
power of 0.80, and effect size of 0.35. The effect size was
calculated using Cohen’s criteria based on data from phase II
of the pilot study [38,39]. Written consent was obtained from
participants, and they were randomly assigned to the
experimental group using stratified randomization by gender
with a permuted block size of 4. The random allocation sequence
was generated using SAS software version 9.4 by the first author
(ZN), who also enrolled participants and assigned participants
to interventions. Each participant was observed for 90 days,
including a 60-day period of mHealth intervention and a 30-day
period of nonintervention follow-up. The mHealth intervention
was developed and tested in a pilot study with 2 phases, in 2016
and 2017 [19]. In the pilot study, we found it was feasible to
conduct an mHealth intervention by integrating 2 apps to remind
patients with CHD to take medications. The apps that we chose
to use in this study were based on the results of the pilot study.
Participants were included in this study if they satisfied the
following criteria [19]: (1) they had a medical diagnosis of
CHD; (2) they were aged 18 years or older; (3) they had an
antihypertensive medication regimen that would last for 90 days

or more after enrollment; (4) they were able to read messages
through a mobile phone; (5) they had a mobile phone that could
receive messages from WeChat and reminders from Message
Express; (6) they were capable of giving consent; and (7) they
had an electronic blood pressure cuff to check blood pressure
and heart rate.

Ethics Approval
This study received ethical approval from the Duke Health
Institutional Review Board (Pro00073395) and West China
Hospital (20170331180037).

Interventions
The interventions were refined based on the pilot study [19].
Once a participant completed the baseline questionnaire, they
received the allocated intervention. Participants in the
experimental group received reminders to take medication and
educational materials from Message Express and WeChat,
respectively (Figure 1). Participants in the control group only
received educational materials from WeChat. The educational
materials were sent every 5 days at a random time between 8
AM and 9 AM. The educational materials sent to the 2 groups
were different. Materials sent to the experimental group were
specifically related to CHD and medication adherence and
included information on the function of cardioprotective
medications, potential negative consequences of not taking these
medications daily, and some common reasons why people with
CHD fail to take them. Materials sent to the control group
contained general medical information that was not specifically
related to CHD or medication adherence. For example, some
of the materials were related to population aging in China and
age-related health problems, such as hearing loss. All
educational materials were retrieved from the website of the
World Health Organization [40,41] and were screened by a
cardiologist and a nurse to ensure their accuracy before being
sent to participants. In addition to educational materials,
participants in the experimental group received reminders to
take medication every morning at a random time between 7 AM
and 8 AM. (The reminders included phrases such as “Please
remember to take today’s medications” and “It is time to take
today’s medications. Do not stop taking your medications
without consulting a cardiologist.”) The time participants
received the reminders was selected based on feedback that we
collected in the pilot study. The educational materials and
reminders were sent through Message Express on an encrypted
external device (an iPhone 5 borrowed from Duke University
that was used specifically for this study). The intervention lasted
for 60 days for each participant. After the intervention,
participants were observed for 30 days.
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Figure 1. Brief description of the 2 apps.

Data Collection and Variables
Participants’ demographic characteristics were recorded,
including age, gender, ethnicity, weight, height, marital status,
job status, education, medical insurance status, living area,
number of prescribed medications, and family income. A
REDCap survey hyperlink was sent to each participant to collect
their demographic characteristics and track their health outcome
variables at 7 time points: enrollment (ie, baseline); 15, 30, 45,
and 60 days after enrollment (ie, at the end of the intervention);
and 75 and 90 days after enrollment (ie, at the end of follow-up).
Health outcome variables included medication nonadherence
score, heart rate (HR), systolic blood pressure (SBP), and
diastolic blood pressure (DBP). The primary outcome (ie,
medication nonadherence score) was measured using a validated
3-item, 5-point Likert scale, the Voils Extent Scale [42]. To
calculate the total nonadherence score, the responses to the
relevant 3 items of the survey were added up. A lower score
indicated better medication adherence. If a participant did not
complete a survey, the study coordinator sent them a WeChat
message as a reminder. If there was no reply after 2 such
attempts, the study coordinator called the participant. If there
was still no answer, the participant was treated as lost to
follow-up. Participants who deleted the study coordinator’s
WeChat account were treated as having withdrawn from the
study.

Data Analysis
All analyses were performed using SAS 9.4. Categorical
variables such as gender, ethnicity, marital status, job status,
medical insurance, and living area were reported as frequency

(n) and percentage (%). Numerical variables including age,
weight, height, and number of prescribed medications were
reported as mean (SD). The chi-square test and independent t
tests were used to determine between-group differences at
baseline. The Fisher exact test and Wilcoxon 2-sample test were
used as alternatives when a chi-square test was not applicable
due to small expected values in some cells or when a 2-sample
t test assumption was not met. All statistical tests were
nondirectional (2-tailed) and the significance level was set at
P=.05. If a difference in a baseline characteristic was significant,
the baseline variable was included as a covariate in the modeling
stage.

The mean (SD) for all outcome variables (ie, medication
nonadherence, HR, SBP, and DBP) in each group was computed
and graphed to show trends at the 7 time points described above.
Differences in outcomes between the experimental and control
groups at the critical time points (ie, baseline, 60 days, and 90
days) were determined using the t test. Both the control and
experimental groups contained individuals with extremely low
or high blood pressure and HR, and calculating the mean of
these abnormal values was likely to produce values that were
misleadingly normal. Therefore, we dichotomized SBP, DBP,
and HR values into binary variables: normal and abnormal. We
defined normal blood pressure according to the 2010 Chinese
Hypertension Guidelines [43], which define normal SBP and
DBP as less than 140 mmHg and less than 90 mmHg,
respectively, and define normal HR as between 60 bpm and 100
bpm. The proportional rates of normal HR, SBP, and DBP in
the subjects were graphed to show trends. To test between-group
differences in the trajectory of change in all outcomes after
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adjusting for relevant covariates, a mixed-effects model was
used for continuous outcomes and a generalized mixed-effects
model with a logit link was used for the dichotomized binary
outcomes. Considering the correlations between repeated
longitudinal measurements of the same patient, a random
intercept, a random slope, and an unstructured covariate matrix
were used. The fixed effects included in the 2 models were the
intervention group (ie, experimental versus control), time, the
group-by-time interaction, and baseline variables that were
significantly different in the experimental and control groups
or covariates that could clinically impact HR and blood pressure.
We also accommodated a quadratic time trend by including a
time-by-time fixed effect and testing for it. If the quadratic effect
was not significant, we removed it from the mixed-effects
model.

Results

Baseline Characteristics
In this study, we recruited 230 participants and randomly
assigned 116 to the experimental group and 114 to the control
group (see Figure 2 for the CONSORT [Consolidated Standards
of Reporting Trials] diagram [44]). Of the 230 participants, 34

participants did not complete the baseline questionnaire and
thus did not receive the intervention. We collected baseline data
from the 196 participants who received the intervention; of
these, 6 participants later dropped out of the study and 9 were
lost during the follow-up period. There was no statistically
significant difference (P>.05) in any baseline characteristic
between the 2 groups (Table 1). The majority of the participants
were married (181/196, 92.4%), male (157/196, 80.1%), Han
Chinese (184/196, 93.9%), and living in urban China (161/196,
82.1%). Participants’ average age was 61 years, and half were
retired (103/191, 53.9%). More than half the participants
(121/196, 61.7%) were prescribed at least 5 medications. Half
the participants had an annual family income less than CNY
¥54,000 (US $7950). The majority of participants (186/192,
96.9%) had medical insurance; nearly 28% (41/147) of
participants had their medications fully covered, 60% (89/147)
were partially covered, and 11.6% (17/147) of participants did
not have insurance coverage for their medication. Most
participants (109/196, 88%) had used WeChat for more than a
year and were using WeChat every day (152/188, 80.9%) before
participating in the study; only 5.8% (11/188) had never used
WeChat before the study. There was no difference between the
experimental and control groups in mobile phone literacy.

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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Table 1. Baseline characteristics of participants at enrollment.

P valueControl group (n=93)Experimental group (n=103)All participants (N=196)Variable

.86Gender, n (%)

74 (79.6)83 (80.6)157 (80.1)Male

19 (20.4)20 (19.4)39 (19.9)Female

.4862 (11)61 (11)61 (11)Age (years), mean (SD)

.23164.1 (8.0)165.5 (8.0)164.8 (8.0)Height (cm), mean (SD)

.4566.9 (10.5)68.2 (11.9)67.6 (11.3)Weight (kg), mean (SD)

.98aEthnicity, n (%)

88 (94.6)96 (93.2)184 (93.9)Han

3 (3.2)3 (2.9)6 (3.1)Zang

0 (0)1 (1.0)1 (0.5)Yi

1 (1.1)0 (0)1 (0.5)Hui

0 (0)1 (1.0)1 (0.5)Mongolian

1 (1.1)2 (1.9)3 (1.5)Other ethnic minorities

.25Marital status, n (%)

88 (94.6)93 (90.3)181 (92.4)Married

5 (5.4)10 (9.7)15 (7.6)Widowed, separated, divorced, or single

.31aJob status, n (%)

26 (28.6)39 (39.0)65 (34.0)Employed

1 (1.1)3 (3.0)4 (2.1)Unemployed

11 (12.1)8 (8.0)19 (10.0)Farmer

53 (58.2)50 (50.0)103 (53.9)Retired

.36Education, n (%)

15 (16.3)16 (15.8)31 (16.1)Primary school or lower

16 (17.4)27 (26.7)43 (22.3)Middle school

21 (22.8)26 (25.7)47 (24.3)High school

17 (18.5)11 (10.9)28 (14.5)Noncollege postsecondary

23 (25.0)21 (20.8)44 (22.8)College or above

.82aNumber of prescribed medications, n (%)

34 (36.6)41 (39.8)75 (38.3)<5

57 (61.3)59 (57.3)116 (59.2)5-9

2 (2.1)3 (2.9)5 (2.5)≥10

.69a89 (97.8)97 (96.0)186 (96.9)Covered by medical insurance

.90bMedication coverage as part of medical insurance, n (%)

19 (25.7)22 (30.1)41 (27.9)Complete coverage

49 (66.2)40 (54.8)89 (60.5)Some coverage

6 (8.1)11 (15.1)17 (11.6)No coverage

.82Place of residence, n (%)

77 (82.8)84 (81.6)161 (82.1)Urban

16 (17.2)19 (18.4)35 (17.9)Rural

.36Living arrangements, n (%)

5 (5.4)9 (8.7)14 (7.1)Living alone
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P valueControl group (n=93)Experimental group (n=103)All participants (N=196)Variable

88 (94.6)94 (91.3)182 (92.9)Living with family or relatives

.78Length of using WeChat, n (%)

13 (14.0)11 (10.7)24 (12.0)<1 year

51 (54.8)58 (56.3)109 (56.0)1-4 years

29 (31.2)34 (33.0)63 (32.0)≥5 years

.44Frequency of WeChat use before participating in the study, n (%)

69 (77.5)83 (83.8)152 (80.9)Daily

13 (14.6)12 (12.1)25 (13.3)Occasionally

7 (7.9)4 (4.0)11 (5.8)Never

.12bAnnual family income (CNY¥), n (%)

33 (44.6)48 (59.3)81 (52.3)<¥54,000

21 (28.4)13 (16.1)34 (21.9)¥54,001-¥90,000

7 (9.5)11 (13.6)18 (11.6)¥90,001-¥120,000

13 (17.6)9 (11.1)22 (14.2)>¥120,000

.89General health status, n (%)

33 (35.5)37 (35.9)70 (35.7)Good

47 (50.5)54 (52.4)101 (51.5)Fair

13 (14.0)12 (11.7)25 (12.8)Bad

aThe Fisher exact test was used due to small values in cells.
bThe Mann-Whitney U test was used due to missing data: 25% of participants did not know whether their prescribed medications would be covered by
their medical insurance at the time of discharge; and 21% of participants refused to disclose their family income.

Medication Nonadherence and Health Outcomes
The medication nonadherence score (Figure 3) consistently
decreased in the experimental group. The nonadherence score
decreased in the control group during the first 45 days, but then
increased and approached the baseline level at 90 days (the
score at 90 days was 0.08 less than baseline). The mean decrease
in medication nonadherence score in the experimental group
was greater than the mean decrease in the control group at 60
days (t179=2.04, P=.04) and 90 days (t155=3.48, P<.001) (Table
2).

HR decreased (Figure 4) at 60 days and 90 days in both groups
compared to baseline, but the difference in the decrease between
the 2 groups was not statistically significant at either 60 days
(t148=–0.28, P=.78) or 90 days (t145=0.32, P=.75). SBP (Figure
5) and DBP (Figure 6) decreased at 60 days and 90 days in the
experimental group but increased in the control group. The
difference in the change in DBP between the intervention and
control groups was statistically significant at both 60 days
(t160=2.07, P=.04) and 90 days (t164=2.21, P=.03). The difference
in the change in SBP between the 2 groups was statistically
significant at 90 days (t165=3.12, P=.002), but not significant at
60 days (t161=1.92, P=.06).

The proportional rate of participants with normal SBP
(Multimedia Appendix 1) and DBP (Multimedia Appendix 2)
increased in both groups at 60 days and 90 days compared to
baseline, but the difference between the 2 groups at these times
was not statistically significant (Multimedia Appendix 3). Unlike

SBP and DBP, the proportional rate of participants with normal
HR (Multimedia Appendix 4) decreased in both the experimental
and control groups, but the difference between the 2 groups was
not statistically significant at either 60 days (P=.37) or 90 days
(P=.41).

Although no baseline characteristics were significantly different
between the experimental group and the control group, HR and
blood pressure can be influenced by body weight [45,46], gender
[47,48], and age [49]; therefore, they were included as covariates
in the modeling stage. After controlling for the effects of
baseline body weight, gender, age, educational level, group,
time, and the group-by-time interaction in the mixed-effects
model, the difference in the rate of change of medication
nonadherence between the 2 groups was statistically significant
(β=−.02, P<.001) (Table 3).

The difference in the rate of change of SBP (β=–.08, P<.001)
and DBP (β=−.05, P=.004) between the 2 groups was also
statistically significant. However, the difference in the rate of
change in HR between the 2 groups was not statistically
significant (β=–.01, P=.74). In the generalized mixed effect
model with a logit link for dichotomized binary outcomes, we
found that the difference in the change of the proportional rate
of participants with a normal SBP between the 2 groups was
statistically significant (β=.01, P=.02), but that the difference
between the 2 groups was not statistically significant for either
the proportional rate of participants with normal DBP (β=.006,
P=.32) or normal HR (β=.003, P=.60) (Multimedia Appendix
5).
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Figure 3. Comparison of changes in medication nonadherence score between groups (SE 2).

Table 2. Comparison of baseline and unadjusted changes in medication nonadherence and health outcomes between the 2 arms.

P valuet test (df)Control group (n=93), mean (SD)Experimental group (n=103), mean (SD)

Medication nonadherence score

.520.64 (194)7.03 (2.05)6.85 (1.85)Baseline

.042.04 (179)–0.42 (2.63)–1.21 (2.59)Day 60

<.0013.48 (155)–0.08 (3.15)–1.58 (2.49)Day 90

Heart rate (bpm)

.63–0.49 (183)73.16 (9.76)73.93 (12.03)Baseline

.78–0.28 (148)–1.95 (9.03)–1.46 (12.68)Day 60

.750.32 (145)–1.32 (8.98)–1.88 (12.88)Day 90

Systolic blood pressure (mmHg)

.04–2.04 (188)125.2 (15.10)129.5 (14.37)Baseline

.061.92 (161)2.72 (16.07)–2.14 (16.20)Day 60

.0023.12 (165)4.38 (14.89)–2.87 (15.10)Day 90

Diastolic blood pressure (mmHg)

.20–1.30 (162)76.03 (15.98)78.71 (11.73)Baseline

.042.07 (160)1.87 (14.06)–2.46 (12.49)Day 60

.032.21 (164)2.92 (13.99)–1.57 (12.21)Day 90

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27202 | p.818https://www.jmir.org/2022/3/e27202
(page number not for citation purposes)

Ni et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 4. Comparison of changes in heart rate between groups (SE 2).

Figure 5. Comparison of changes in systolic blood pressure between groups (SE 2).
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Figure 6. Comparison of changes in diastolic blood pressure between groups (SE 2).

Table 3. Results of a mixed-effects model with a random intercept and slope to measure between-group differences in the trajectory of changes in
outcomes.

Heart rate (bpm)Systolic blood pressure
(mmHg)

Diastolic blood pressure
(mmHg)

Medication nonadherenceItem

P valueParameter

estimation

P valueParameter

estimation

P valueParameter

estimation

P valueParameter

estimation

<.00156.66<.00193.48<.00184.86<.0015.11Intercept

.630.68.063.39.192.05.37–0.23Group (reference: control)

.262.00.920.23.15–2.50.330.29Gender (reference: male)

.990.001.0010.26<.001–0.22.850.002Age

.66–0.21.500.41.720.17.170.11Education

.0030.21.020.21.120.11.270.013Weight

.33–0.01.090.06.140.04.740.001Time (days)

.74–0.01<.001–0.08.004–0.05<.001–0.02Group × time

Discussion

Principal Findings
The aim of this study was to assess if a mobile phone–based
mHealth intervention could improve medication adherence and
relevant health outcomes (eg, blood pressure and HR) among
patients with CHD in comparison to a control group that
received general educational materials over a period of 2
months. We found that our mHealth intervention increased
medication adherence and had a lasting effect in improving

medication adherence among patients with CHD, even though
no intervention was given after 60 days. We also found that our
mHealth intervention improved health outcomes by lowering
SBP and DBP, and that this effect continued for 30 days after
the intervention. Unlike SBP and DBP, our mHealth intervention
did not significantly lower HR, although mean HR consistently
remained within the normal range. After dichotomizing SBP,
DBP, and HR into binary variables, we found that there was no
significant difference between the proportional rate of
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participants with normal SBP, DBP, and HR at baseline, 60
days, or 90 days between the intervention and control groups.

A mixed-effects model for continuous outcomes showed that
differences in the rate of change of medication nonadherence,
SBP, and DBP were statistically significant between the 2
groups after controlling for the effects of group, time, the
group-by-time interaction, and some baseline variables that can
influence HR and blood pressure, such as body weight, gender,
age, and educational level. Similarly, the generalized
mixed-effects model with a logit link used for dichotomized
binary outcomes showed that after controlling for the effects of
baseline body weight, gender, age, educational level, group,
time, and the group-by-time interaction, our mHealth
intervention could significantly increase the proportional rate
of participants with normal SBP. In summary, these key findings
demonstrate that our mHealth intervention could significantly
increase medication adherence and the proportional rate of
participants with normal SBP, as well as lower SBP and DBP,
in patients with CHD.

In this study, participants were defined as dropping out if (1)
they filled out the baseline survey but deleted the study
coordinator’s WeChat account at any time point before their
completion of the study; or (2) they told the study coordinator
that they wanted to withdraw from the study. Participants were
defined as lost to follow-up if they filled out the baseline survey
and kept the study coordinator’s WeChat account, but did not
fill out later surveys and did not respond to reminders and
WeChat calls made by the study coordinator. This could happen
at any time point during the study. In this study, 9 participants
were lost to follow-up and 6 participants dropped out, which
together accounts for 7% of the data. Due to the small amount
of missing data, we did not perform missing data imputation.
We compared the baseline variables between participants who
dropped out or were lost to follow-up with those who completed
the study, and found that none of the baseline variables were
significantly different between these groups (Multimedia
Appendix 6).

In this study, the ratio of male to female patients with CHD was
4:1, which is the same ratio as in our pilot study conducted in
2017. The higher proportion of male participants reflects the
higher prevalence of CHD in men in China; Chinese men are
more likely to engage in risky behaviors, such as smoking and
drinking [12]. This result is consistent with findings that US
men had a higher prevalence of CHD than women in all age
strata from 45 to 94 years, according to the American Heart
Association’s report Heart Disease and Stroke Statistics [50,51].

Limitations
This study contributes important knowledge about mHealth as
a tool to improve medication adherence, but it has several
limitations. First, all participants were recruited at a major
university-affiliated hospital; many of them were middle-aged
male urban residents and were thus not representative of the
general Chinese population. Second, health outcomes such as
SBP, DBP, and HR were self-reported by participants. There
may therefore have been discrepancies regarding these
measurements. Third, during this study, some participants did
not provide their health outcome data in a timely manner. To

collect these data, some participants had to be reminded by
WeChat messages and phone calls. These messages and phone
calls might have been covariates that could influence the
participants’ medication-taking behaviors, but we did not
consider their influence. Finally, the mHealth intervention was
not automated and lasted for only 60 days, a comparatively
short period of time. To adopt this intervention in real clinical
settings, which have thousands of patients, and to create
long-term effects, it will be necessary to use automated methods.
Finally, this study was unblinded. All participants, data
collectors, and data analysts were aware of which treatment
arms participants had been assigned to. To increase rigor and
reduce bias, future large multisite studies should consider a
double-blind design.

Future Directions
The treatment of many chronic illnesses involves long-term
pharmaceutical therapy. Nevertheless, it is an ongoing challenge
to find effective ways to improve medication adherence and
other health behaviors to improve health outcomes. For patients
with CHD, cardioprotective medications can prevent the
enlargement of harmful clots [52], cardiovascular symptoms,
and poor therapeutic outcomes. Poor adherence to
cardioprotective medications, however, is considered to be a
public health concern [18,52]. It has been linked to increases
in health care costs due to poor therapeutic outcomes that
typically require major medical interventions, such as coronary
angioplasty and coronary artery bypass grafting [20]. Mobile
phones are widely used in China; 97% of Chinese netizens
access the internet through a mobile phone [30]. This makes
mobile phones an ideal platform for implementing an mHealth
intervention to improve medication adherence. If this mHealth
intervention could be scaled up for use in real-world clinical
settings, it would have 3 useful aspects. First, it is able to
overcome geographic barriers. This is particularly useful in
China, considering the fact that the majority of its highly
qualified health care providers reside in cities, and most of its
tertiary hospitals are located in urban areas [53,54]. Hospitals
in China are categorized into a 3-tier system: primary,
secondary, and tertiary [55], with tertiary being the highest level
of quality. To seek quality medical care, many rural residents
have to travel to urban areas to find qualified health care
providers. This geographic barrier limits the access of rural
patients with CHD to quality medical care and may impact their
health outcomes across their lifespans. Our mHealth intervention
has the potential to increase the access of patients with CHD to
quality medical care through mobile phones without requiring
them to travel to hospitals. Second, the core technology of this
mHealth intervention is app-based mobile messaging, which is
widely used in China. Therefore, this intervention could be a
cost-effective method to remind people across socioeconomic
strata and across geographic areas to take their medications. If
this intervention were automated, and if it resulted in even
modest improvements in medication adherence and blood
pressure, there could be population-level benefits. Given the
economic burden and prevalence of CHD in China, even small
clinical improvements could have a large impact. In other words,
the cost-benefit ratio of this mHealth intervention is expected
to be positive.
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Although some studies have been conducted in China on using
mobile apps (eg, WeChat) to improve blood pressure and
self-management behavior [31-34], none have been designed
specifically to address the problem of medication nonadherence
in patients with CHD. Previous interventions have also not been
individualized. For example, in an mHealth intervention study
conducted in Guangzhou, educational materials were sent to a
group of participants rather than to individuals [34]. Moreover,
no previous study has used an mHealth intervention that
integrated 2 mobile apps. Given that medication nonadherence
is a complex issue involving multiple factors related to patients,
health care providers, and health care systems [21], integrating
mobile apps with different functionalities might be a promising
approach. The mHealth intervention that we tested in this study
could be harnessed and adapted to other fields, such as
endocrinology, orthopedics, and mental health. Finally, adopting
this intervention is integral to developing a platform for
immediate medical consultation and emergency health care.
Cardiovascular events such as heart attack, heart failure,

arrhythmia, and heart valve problems [1] are emergencies in
which many patients need immediate medical treatment,
consultation, and guidance. Adopting this mHealth intervention
is an important step for hospitals to develop online tools for
immediate health care service.

Conclusion
The treatment of many chronic illnesses involves long-term
pharmaceutical therapy, but it is an ongoing challenge to find
effective ways to improve medication adherence and promote
good health outcomes. In this study, we examined an mHealth
intervention to remind patients with CHD to take their
cardioprotective medications. Our results demonstrate that it is
feasible to conduct an mHealth intervention to improve
medication adherence and health outcomes, represented by
measures including SBP and DBP. In summary, mHealth
interventions that are constructed using evidence-based content
show promise to help increase medication adherence and
improve health outcomes.
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Abstract

Background: Evidence-based infectious disease and intensive care management is more relevant than ever. Medical expertise
in the two disciplines is often geographically limited to university institutions. In addition, the interconnection between inpatient
and outpatient care is often insufficient (eg, no shared electronic health record and no digital transfer of patient findings).

Objective: This study aims to establish and evaluate a telemedical inpatient-outpatient network based on expert teleconsultations
to increase treatment quality in intensive care medicine and infectious diseases.

Methods: We performed a multicenter, stepped-wedge cluster randomized trial (February 2017 to January 2020) to establish
a telemedicine inpatient-outpatient network among university hospitals, hospitals, and outpatient physicians in North
Rhine-Westphalia, Germany. Patients aged ≥18 years in the intensive care unit or consulting with a physician in the outpatient
setting were eligible. We provided expert knowledge from intensivists and infectious disease specialists through advanced training
courses and expert teleconsultations with 24/7/365 availability on demand respectively once per week to enhance treatment
quality. The primary outcome was adherence to the 10 Choosing Wisely recommendations for infectious disease management.
Guideline adherence was analyzed using binary logistic regression models.

Results: Overall, 159,424 patients (10,585 inpatients and 148,839 outpatients) from 17 hospitals and 103 outpatient physicians
were included. There was a significant increase in guideline adherence in the management of Staphylococcus aureus infections
(odds ratio [OR] 4.00, 95% CI 1.83-9.20; P<.001) and in sepsis management in critically ill patients (OR 6.82, 95% CI 1.27-56.61;
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P=.04). There was a statistically nonsignificant decrease in sepsis-related mortality from 29% (19/66) in the control group to
23.8% (50/210) in the intervention group. Furthermore, the extension of treatment with prophylactic antibiotics after surgery was
significantly less likely (OR 9.37, 95% CI 1.52-111.47; P=.04). Patients treated by outpatient physicians, who were regularly
participating in expert teleconsultations, were also more likely to be treated according to guideline recommendations regarding
antibiotic therapy for uncomplicated upper respiratory tract infections (OR 1.34, 95% CI 1.16-1.56; P<.001) and asymptomatic
bacteriuria (OR 9.31, 95% CI 3.79-25.94; P<.001). For the other recommendations, we found no significant effects, or we had
too few observations to generate models. The key limitations of our study include selection effects due to the applied on-site
triage of patients as well as the limited possibilities to control for secular effects.

Conclusions: Telemedicine facilitates a direct round-the-clock interaction over broad distances between intensivists or infectious
disease experts and physicians who care for patients in hospitals without ready access to these experts. Expert teleconsultations
increase guideline adherence and treatment quality in infectious disease and intensive care management, creating added value
for critically ill patients.

Trial Registration: ClinicalTrials.gov NCT03137589; https://clinicaltrials.gov/ct2/show/NCT03137589

(J Med Internet Res 2022;24(3):e34098)   doi:10.2196/34098

KEYWORDS

telemedicine; infectious disease medicine; sepsis; evidence-based medicine; eHealth

Introduction

Background
Worldwide, health workforce shortages are a pressing concern.
By 2030, it is estimated that there will be a shortage of 9.9
million physicians and nurses worldwide [1,2]. In addition, the
proportion of older people in Europe will exceed 30% by 2050
[3,4]. Hence, health care systems must become more flexible
and efficient, for example, through accelerated digitization.
Infectious disease management, especially the management of
sepsis, is one area in which the potential for digitization to
reduce the global burden of disease is particularly strong.

Increasing antimicrobial resistance (AMR) poses a growing
threat to patients. Important underlying drivers are the overuse
and misuse of antibiotics. Every year, approximately 700,000
patients worldwide die from infections that are treatable with
antibiotics [5]. Global pandemics such as COVID-19 are likely
to promote the overuse of antimicrobials, thereby facilitating
the further development of AMR. AMR could cost US $100
trillion between now and 2050, with the annual mortality rate
reaching 10 million over this period [5].

In 2017, there were approximately 48.9 million cases of sepsis
worldwide and 11 million sepsis-related deaths (19.7% of all
deaths globally) [6]. Sepsis is the most common cause of
morbidity and mortality in intensive care units (ICUs) around
the world. Although the sepsis-related mortality rate is
continuously decreasing, it is still remarkably high (30%-50%)
[7-9]. The associated costs are US $24 billion annually in the
United States alone [6].

Numerous studies have shown that adherence to clinical practice
guidelines for antibiotic therapy and sepsis management is
associated with improved patient outcomes [10-15]. Alarmingly,
compliance with these guidelines is low [10,16-18]. International
educational health care campaigns, such as the Choosing Wisely
initiative, have responded to this global challenge by increasing
professional awareness of evidence-based medicine [19]. In
general, the Choosing Wisely recommendations promote

essential practices and the avoidance of unnecessary diagnostic,
preventive, and therapeutic procedures [15,19].

Telemedicine has the potential to support these efforts. It
facilitates direct, round-the-clock interactions between
physicians who care for patients in hospitals with limited
subspecialist staff and intensivists or infectious disease
specialists located far away. Observational studies have
demonstrated that expert teleconsultations can reduce
sepsis-related mortality by approximately 25%, with a
simultaneous increase in guideline adherence [12,20]. Despite
decades of intensive care research worldwide, no drug or other
therapeutic measure has achieved a comparable reduction.

Objective
The aim of TELnet@NRW is to establish and evaluate a
telemedical inpatient-outpatient network (24/7/365) to improve
the application of evidence-based medicine in infectious disease
management, especially the management of sepsis. We
hypothesized that the establishment of a digital network based
on expert teleconsultations increases treatment quality in
inpatient and outpatient care for these 2 subspecialties.

Methods

Trial Design and Ethics Approval
TELnet@NRW was a multicenter, stepped-wedge cluster
randomized trial conducted at 2 university hospitals (Aachen
and Muenster), 17 hospitals and 103 outpatient physicians’
offices associated with 2 physician networks. The protocol is
publicly available [21], and the trial was prospectively registered
at ClinicalTrials.gov (NCT03137589). The Ethics Committee
of the Medical Faculty of the RWTH Aachen approved the study
(EK 068/17). The study was funded by the Innovation Fund of
the Federal Joint Committee (February 2017 to January 2020,
funding code 01 NVF16010). Independent researchers from the
Department of Health Economics and Health Care Management
at Bielefeld University conceptualized and performed the
analyses. The reporting of this trial is in line with the
CONSORT-EHEALTH (Consolidated Standards of Reporting
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Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist [22].

Inpatient and Outpatient Participants
Inpatients, aged ≥18 years, who had Staphylococcus aureus
bacteremia or required intensive care treatment and who
provided written informed consent were eligible for inclusion.

Outpatients, aged ≥18 years, with a possible infectious
presentation based on the International Classification of Primary
Care, who provided written informed consent were eligible for
enrollment. Measles vaccination rates in children were also
evaluated.

Because of the complexity and diversity of possible diagnoses
and the extremely high total number of patients during the entire
study period, triage for study enrollment was carried out by the
attending physician on-site.

We excluded minors and patients who did not formally consent
to participate in the study. In addition, patients who were in a
dependent or employment relationship with the sponsor or one
of the investigators or the principal investigator and patients
who lived in an institution as mandated by a legal or
administrative order were excluded from the study.

Technical Requirements
Initially, the standardized technical requirements at each
participating site were established in line with the relevant
guideline recommendations [23]. This also included setting up
a wireless local area network in hospitals and medical practices.
A secure, privacy-compliant infrastructure was used for
communication, including 2 high-encryption audio-video
conference systems and the certified data exchange platforms
FallAkte Plus (Healthcare IT-Solutions) and ELVI
(CompuGroup Medical), which complied with the General Data
Protection Regulation (EU Regulation 2016/679). Overall, our
data protection measures were externally reviewed by
independent data protection experts and continuously monitored
throughout the study. The video conferencing infrastructure
met high requirements in terms of quality, data security and
portability. This infrastructure operated in a high-security, closed
network (hardware virtual private network) or on dedicated
lines.

Interventions: Expert Teleconsultations Plus Advanced
Training Courses
The innovative telemedical network TELnet@NRW involved
outpatient-inpatient cooperation. Separate facilities (hospitals
of different levels of care and outpatient physicians’ offices)
established a new digital health care structure for North
Rhine-Westphalia, Germany. TELnet@NRW provided expert
knowledge from 2 university hospitals to participating hospitals
and outpatient physicians through expert teleconsultations
(24/7/365 availability). Expert teleconsultations were provided
on request after the initial triage was carried out by the attending
physician on-site. Consultants for intensive care medicine
participated in key care processes 24/7, whereas infectious
disease specialists were available once weekly and on demand,
including participation in rounds, additional expert
teleconsultations, emergency consultations, and audits of clinical

patient data. Before implementation of the expert
teleconsultations, participants received advanced training
courses on guideline-compliant treatment.

Study Schedule and Data Collection
All clusters went through three different study phases: During
the preintervention phase, pseudonymized patient data from
routine care was documented (details are provided in Multimedia
Appendices 1 and 2, with the preintervention phase shown in
red). During the subsequent transition phase (shown in white),
the required hardware infrastructure was set up at the different
study sites. Then, participants received on-site training according
to their cluster schedule. To familiarize participants with the
new processes, expert teleconsultations were already provided
during the transition phase. Data on the effects of the
intervention were collected during the following intervention
phase (shown in blue). Primary data were generated using
standardized case reporting forms. For the analyses of influenza
and measles vaccination rates, we used routine outpatient claims
data from the Association of Statutory Health Insurance
Physicians (AHIP).

Outcomes
The primary outcome measure was adherence to the 10
Choosing Wisely recommendations for infectious diseases
provided by the German Society for Infectious Diseases, which
are applicable to both inpatient and outpatient care; these contain
5 Dos and Don’ts for infectious disease management (for each
definition, please refer to Multimedia Appendix 3) [15]. Notably,
the first 2 Dos address important quality indicators in intensive
care medicine as they are associated with lower mortality
[12,20,24,25]. For improved overview, Textbox 1 shows the
10 Choosing Wisely recommendations sorted by their
applicability to the inpatient and outpatient sector.

Secondary outcome measures for the inpatient sector were rate
of sepsis therapy in compliance with guidelines (in compliance
with the Surviving Sepsis Campaign guidelines for the
management of severe sepsis and septic shock, defined as
adherence to the 3- and 6-hour sepsis bundles [9]); rate of acute
respiratory distress syndrome (ARDS) therapy in compliance
with guidelines (measured against the evident ventilation targets,
ventilation with low ventilation volumes, and low peak
pressures; with controlled ventilation; breath volume of 6 mL/kg
calculated ideal body weight; positive end-expiratory pressure
setting in proportion with the necessary FiO2; and plateau
pressure <30 cm H2O [26]); and ICU and sepsis-related
mortality, hospital mortality, ICU length of stay (LOS) and
hospital LOS, rate of patients with dialysis at discharge from
the ICU, and rate of transfer transport (defined as rate of patients
discharged to another hospital).

Secondary outcome measures for the inpatient sector were
health-related quality of life (measured using the 36-Item Short
Form Survey version 2.0 questionnaire).

In our protocol, the 3 process variables rate of sepsis diagnosis,
rate of ARDS diagnosis, and rate of undiagnosed sepsis were
listed as part of the secondary outcomes. We corrected this in
the report. All process variables are now reported as such.
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Textbox 1. Primary outcome sorted by sector.

Primary outcome inpatient sector: adherence to the following Choosing Wisely recommendations

• “Staphylococcus aureus bloodstream infection imperatively needs efficacious antimicrobial treatment and identification and elimination of the
source of infection” [P1]

• “In critically ill patients with signs of infection, early appropriate antibiotic therapy is crucial after obtaining cultures, and treatment should be
regularly re-evaluated” [P2]

• “Prescribe oral forms of highly bioavailable antimicrobial agents to patients who can reliably receive and absorb medications via the enteral
route” [P5]

• “Do not treat asymptomatic bacteriuria with antibiotics” [N2]

• “Do not treat Candida recovered from respiratory or gastrointestinal tract specimens” [N3]

• “Do not extend the administration of prophylactic antibiotics after surgery (after the patient has left the operating room)” [N4]

• “Do not treat elevated C‐reactive protein or procalcitonin levels in serum with antibiotics in patients not presenting signs or symptoms of
infection” [N5]

Primary outcome outpatient sector: adherence to the following Choosing Wisely recommendations

• “Annual influenza vaccination should be given to individuals aged >60 years, patients with specific comorbidities, and people (eg, health care
workers) who may infect vulnerable persons” [P3]

• “All children should receive the measles vaccine, and adults born after 1970 without prior documented vaccination against measles should get
at least one dose of the vaccine” [P4]

• “Avoid prescribing antibiotics for uncomplicated upper respiratory tract infections including bronchitis” [N1]

• “Do not treat asymptomatic bacteriuria with antibiotics” [N2]

Randomization and Masking
Participating hospitals and outpatient physician offices were
randomly assigned to 4 clusters of 4 to 5 hospitals and 4 clusters
of 23 to 28 outpatient physicians’ offices (Multimedia
Appendices 1 and 2). Participants were randomly assigned to
one of the clusters with different start dates for the intervention
phase by an independent statistician using a computer-generated
random allocation sequence. It was not possible to mask the
health care staff or patients, as they were involved in the delivery
of the intervention.

Statistical Methods
Primary outcomes were evaluated using binary logistic
regression models (primary data) and zero-or-one inflated beta
regression models (AHIP data).

In the analyses of the inpatient data, we controlled for the
treating hospital, patient age, and the Sequential Organ Failure
Assessment (SOFA) score at enrollment in the study [27]. SOFA
scores were calculated based on the data in routine clinical
patient records. Missing baseline values for the different SOFA
subscores were imputed, if available, by measurements within
the first 3 days after enrollment (next observation carried
backward) [28]. Only patients with complete SOFA scores (ie,
measurements for all 6 subscores) at baseline were included in
the analyses.

To differentiate the training effect and the external effect of
expert teleconsultations from the direct counseling effect, the
intervention group was separated into patients with and without
expert teleconsultations, as not all patients who received
interventions were treated with expert teleconsultations. Models
for ICU and sepsis-related mortality and sepsis bundle

compliance were specified in the same manner. Effects on the
LOS were estimated using linear, gamma, and log-linear
regression models with the same control variables.

In the evaluation of the primary outpatient data, we controlled
for the treating outpatient physician and patient age. Three
different models were estimated for each outcome:

• Model 1 contained only the group variable (group) and the
control variables.

• In addition, model 2 contained a count variable (n) that
recorded the number of expert teleconsultations the
outpatient physician had already used before the visit with
the respective patient.

• Finally, model 3 contained a quadratic term of the count
variable (n2) to map possible learning curves among
outpatient physicians in the sense of a decreasing marginal
utility of the expert teleconsultations.

In the AHIP data, influenza and measles vaccination rates were
documented quarterly at the practitioner level. To isolate the
effect of the intervention on the vaccination rates, we controlled
for the treating practitioner, the number of patients during the
quarter and seasonal or quarterly effects.

Baseline group differences were tested using odds ratios (ORs)
for binary variables or 2-tailed t tests for metric variables. Data
cleaning and statistical analyses were performed in R (R
Foundation for Statistical Computing; version 3.6.3) using the
functions glm for logistic models and gamlss for beta regression
models. CIs for regression estimates were computed using the
confint command from the stats package, which calculated the
CIs based on profile likelihood estimation. All analyses were
based on a significance level of α=.05. The model structures
are detailed in the Multimedia Appendix 4.
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Results

Overview
A total of 17 hospitals and 103 outpatient physicians underwent
randomization. The participating hospitals had between 101
and 449 beds; participating ICUs had on average 10 ICU beds
(range 5-14) and were mixed medical-surgical ICUs staffed
with anesthesiologists and internists. Hospitals were in both
urban and rural areas. Of the 17 hospitals, 8 (47%) served
populations <50,000; 7 (41%) served populations from 50,000
to 100,000; and 2 (12%) served populations >250,000. Most

outpatient physicians were in urban areas with a high outpatient
physician density per capita. Among the participating doctors,
multiple specialties were represented, and the majority were
general practitioners, internists, ophthalmologists, or
gynecologists. Between May 3, 2017, and September 30, 2019,
we enrolled patients (n=159,424) who required infectious
disease or intensive care treatment in our study (Figure 1).
Overall, we provided 8505 inpatient expert teleconsultations.
For outpatients, the average teleconsultation rate was 1.33%
(1980/148,839). In the following, we report first the results of
the inpatient sector and then the results of the outpatient sector.

Figure 1. Study flow diagram.

Inpatient Study Enrollment
After initial triage by the attending physicians, we enrolled
10,585 inpatients (Multimedia Appendix 5). The baseline
characteristics of the inpatients are detailed in Table 1. A total
of 0.57% (60/10,585) of the patients with incomplete data were
excluded from the analysis, and we provide details on the
distribution of missing values before and after imputation
(Multimedia Appendix 6). For the recommendation
Staphylococcus aureusbloodstream infection imperatively needs
efficacious antimicrobial treatment and identification and
elimination of the source of infection, the SOFA score was not

included in the statistical model, as we mainly observed
non-ICU patients for this outcome, for whom the relevant
parameters to calculate the score are not routinely recorded.

Compared with those in the control group, inpatients in the
intervention group were older (mean age 69.25 years in the
control group vs 72.14 years in the intervention group) and had
higher SOFA scores at baseline (mean SOFA 3.58 in the control
group vs 4.12 in the intervention group). The higher morbidity
in the intervention group also manifested itself in a higher sepsis
rate (5% vs 9%) and a higher ARDS rate (13% vs 17.9%). For
the outcome-specific analysis samples, we found no fundamental
deviations from the characteristics of the overall sample.
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Table 1. Inpatient characteristics.

Intervention group versus control groupIntervention groupTransition groupControl groupInpatient characteristics

P valueDifference (95% CI)

N/AN/Aa285135754099Patients, mean (SD)

<.0012.89 (2.182-3.591)72.1470.3469.25Age (years), mean (SD)

Sex, n (%)

.97N/A1415 (49.6)1616 (45.2)1920 (46.8)Male

.97N/A1430 (50.2)1958 (54.8)2177 (53.1)Female

N/AN/A6 (0.2)1 (0)2 (0)Other

<.0010.54 (0.408-0.687)4.123.723.58SOFAb score at baseline, mean (SD)

<.001N/A256 (9)286 (8)206 (5)Sepsis incidence, n (%)

<.001N/A511 (17.9)696 (19.5)531 (13)ARDSc incidence, n (%)

aN/A: not applicable.
bSOFA: Sequential Organ Failure Assessment.
cARDS: acute respiratory distress syndrome.

Inpatient Primary Outcomes
We found significant between-group differences in the
management of Staphylococcus aureus bloodstream infections
(Staphylococcus aureus bloodstream infection imperatively
needs efficacious antimicrobial treatment and identification
and elimination of the source of infection, P1). As expert
teleconsultations were provided to all patients in this analysis,
we did not divide the intervention group to estimate the effects
of the intervention on this recommendation. Patients in the
intervention group were significantly more likely to be treated
in accordance with the recommendation (OR 4.004, 95% CI
1.828-9.202; P=.001; Table 2).

The direct effect of expert teleconsultations became also evident
in the treatment of critically ill patients with severe sepsis and
septic shock. We found significant between-group differences
for the recommendation In critically ill patients with signs of
infection, early appropriate antibiotic therapy is crucial after
obtaining cultures, and treatment should be regularly
re-evaluated (OR 6.822, 95% CI 1.271-56.607; P=.04; Table
2). However, patients in the intervention group who did not
receive expert teleconsultations also received treatment that was
more in line with the guideline recommendation than that
received by the control group. Notably, across all included
patients diagnosed with severe sepsis and septic shock,
adherence to this recommendation was negatively associated
with patient age (Table 2).

We found no significant intervention effects for the
recommendation Prescribe oral forms of highly bioavailable
antimicrobial agents to patients who can reliably receive and
absorb medications via the enteral route (Table 2).

Regarding the recommendations Do not treat asymptomatic
bacteriuria with antibiotics (n=24) and Do not treat Candida
recovered from respiratory or gastrointestinal tract specimens
(n=32), we had too few observations to generate logistic
regression models (Table 2).

Regarding the extension of the period of treatment with
prophylactic antibiotics after surgery once a patient has left the
operating room, we observed a higher guideline adherence in
patients in the intervention group who did not receive expert
teleconsultations than in patients in the control group (OR 9.372,
95% CI 1.519-111.467; P=.04; Table 2). However, the estimated
coefficient for the portion of the intervention group who directly
received expert teleconsultations remained statistically
nonsignificant.

Furthermore, no significant intervention effects could be found
for the recommendation Do not treat elevated C‐reactive
protein or procalcitonin levels in serum with antibiotics in
patients not presenting signs or symptoms of infection (Table
2). It should be noted that the latter was already fulfilled in 90%
(531/590) of the control cases.
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Table 2. Regression analyses of inpatient primary outcomes.a

N5f (N=919)N4e (N=193)P5d (N=126)P2c (N=211)P1b (N=186)

P
val-
ue

OR
(95%
CI)

Compli-
ance, %
(n/N)

P
val-
ue

OR
(95%
CI)

Compli-
ance, %
(n/N)

P
val-
ue

OR
(95%
CI)

Compli-
ance, %
(n/N)

P
val-
ue

OR
(95%
CI)

Compli-
ance, %
(n/N)

P
val-
ue

ORg

(95%
CI)

Compli-
ance, %
(n/N)

Control variables

.030.772
(0.608-
0.975)

N/A.511.164
(0.753-
1.879)

N/A.021.355
(1.064-
1.787)

N/A.650.973
(0.863-
1.096)

N/Aj———iSOFAh

score

.340.993
(0.979-
1.007)

N/A.021.048
(1.008-
1.093)

N/A.820.995
(0.953-
1.042)

N/A.010.952
(0.914-
0.987)

N/A.060.973
(0.944-
1.000)

N/AAge

Group variables

N/ARef90.0
(531/590)

N/ARef85.3
(110/129)

N/ARef21.6
(19/88)

N/ARef49.2
(29/59)

N/ARefk16.3
(15/92)

Control
group

————————————<.0014.004
(1.828-
9.202)

45.7
(43/94)

Interven-
tion
group

.970.990
(0.542-
1.834)

84.9
(163/192)

.049.372
(1.519-
111.467)

93.9
(31/33)

.990.000
(0.000,
1.032)

0.00
(0/14)

<.0014.718
(2.032-
11.563)

81.8
(108/132)

———Without
telecon-
sulta-
tion

.361.463
(0.666-
3.416)

92.1
(125/137)

.541.744
(0.326,
12.861)

80.6
(25/31)

.891.135
(0.179,
7.493)

25.0
(6/24)

.046.822
(1.271-
56.607)

90.0
(18/20)

———With
telecon-
sulta-
tion

aEach model also controlled for hospital specific effects, which are not reported individually in this table; CIs were calculated based on profile likelihood
estimation.
bPrimary outcome P1: Imperatively start antimicrobial treatment and remove the focus on Staphylococcus aureus bloodstream infection.
cPrimary outcome P2: Critically ill patients with signs of infection need early appropriate antibiotic therapy.
dPrimary outcome P5: Prefer oral formulations of highly bioavailable antimicrobials whenever possible.
ePrimary outcome N4: Do not prolong prophylactic administration of antibiotics in patients after they have left the operating room.
fPrimary outcome N5: Do not treat an elevated C‐reactive protein or procalcitonin level with antibiotics in patients without signs of infection.
gOR: odds ratio.
hSOFA: Sequential Organ Failure Assessment.
iDue to differences model specifications, the respective variables were not included in all models.
jN/A: not applicable.
kRef: reference group.

Inpatient Secondary Outcomes
Significant between-group differences were also found in the
adherence to the 3- and 6-hour sepsis bundles for patients with
the diagnoses of severe sepsis and septic shock (Figure 2 and
Multimedia Appendix 7). Overall (0-6 hours), patients in the
intervention group with expert teleconsultations outperformed
the controls with regard to sepsis bundle compliance (OR 7.739,
95% CI 2.379-28.026; P=.001). This was mainly driven by an

improvement in compliance with the 4 to 6-hour bundle. With
expert teleconsultations, the odds of being treated in accordance
with the guideline recommendations in the 4- to 6-hour therapy
course after receiving a diagnosis of sepsis were 14.2 times
higher (OR 14.245, 95% CI 3.121-85.424; P=.001) than in the
control group. Overall and for the 3- and 6-hour sepsis bundles,
we found significant improvements in compliance for patients
in the intervention group who did not receive direct telemedical
treatment support.
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Figure 2. Sepsis bundle compliance over time.

Regarding treatment quality in patients with mild ARDS, the
descriptive analysis showed an increase in compliance from
7.4% (16/217) in the control group to 18.4% (9/49) in the
intervention group without expert teleconsultations and 11.8%
(19/161) in the group with expert teleconsultations. In the
logistic regression model, a significant OR of 3.621 (95% CI
1.256-10.319; P=.02) was obtained for patients without expert
teleconsultations. Patients with expert teleconsultations also
showed a significantly increased chance of correct treatment
mild ARDS (OR 2.355, 95% CI 1.023-5.516; P=.04). For
patients with moderate or severe ARDS, we could not
demonstrate these effects. A detailed description of this outcome
is presented in Multimedia Appendix 8.

Regarding ICU mortality (OR 1.276, 95% CI 0.909-1.794;
P=.16) and sepsis-related mortality (OR 0.680, 95% CI
0.230-10.874; P=.37), no statistically significant intervention
effects were found in our model estimations; however, a
reduction in the sepsis-related mortality rate of 5% was achieved
(19/66, 28.8% in the control group vs 50/210, 23.8% in the
intervention group). Also, no significant improvements with
regard to hospital mortality were observed.

ICU LOS was significantly longer for intervention patients with
(+1.971 days, 95% CI 1.858-27.708; P=.004) and without
(+2.253 days, 95% CI 2.235-40.535; P=.002) expert
teleconsultations than for the respective controls. Regarding
hospital LOS, it is noticeable that patients in the control group
were hospitalized longer (mean 16.3 days, 95% CI 15.65-16.97
days) than patients in the intervention group without expert
teleconsultations (mean 14.15 days, 95% CI 12.96-15.35 days)
but for shorter periods than patients with expert teleconsultations
(mean 20.62 days, 95% CI 19.55-21.70 days). The linear
regression model confirms this result for patients with expert

teleconsultations. These patients stayed on average 4.6 days
(β=4.610 days, 95% CI 3.316-5.905 days; P<.001) longer in
hospital than control patients. For the group of patients without
expert teleconsultations, there was no significant difference to
the control group.

A total of 0.3% (6/1983) of the patients in the control group
and 1.1% (8/739) in the intervention group were discharged
from hospital on dialysis. With this very low prevalence, effects
of any intervention cannot be shown.

Overall, 4.38% (86/1965) of the patients in the control group
were transferred to another hospital during our study. In the
intervention group, this proportion was 11.34% (143/1261).
Patients with expert teleconsultations were transferred more
frequently (101/857, 11.8%) than patients in the intervention
group without expert teleconsultations (42/404, 10.4%). The
model calculation also shows a significant intervention effect.
Patients who received an expert teleconsultation had a 2.9-fold
higher chance of being transferred (OR 2.903, 95% CI
2.012-4.186; P<.001). In patients in the intervention group
without expert teleconsultations, this chance was also
significantly increased compared with that in the control group
(OR 2.432, 95% CI 1.570-3.721). Overall, the analyses thus
show an increase in the number of transfers owing to the
intervention.

Outpatient Study Enrollment
In the outpatient sector, 148,839 patients were enrolled in our
study. The intervention group differed significantly from the
control group with regard to their distribution between the 2
physician networks. Baseline characteristics are detailed in
Table 3, and Multimedia Appendix 9 provides details concerning
study enrollment.
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Table 3. Outpatient characteristics.

Intervention group versus control groupIntervention groupTransition groupControl groupOutpatient characteristics

P valueDifference (95% CI)

N/AN/Aa33,93967,65047,250Patients, mean (SD)

.490.12 (−0.4538 to 0.2208)42.2040.5042.08Age (years), mean (SD)

Sex, n (%)

.83N/A18,584 (54.8)36,962 (54.6)25,908 (54.8)Male

.83N/A15,355 (45.2)30,688 (45.4)21,342 (45.2)Female

Physician network, n (%)

<.001N/A21,388 (63)43,412 (64.2)31,248 (66.1)MuMb

<.001N/A12,551 (37)24,238 (35.8)16,002 (33.9)GKSc

aN/A: not applicable.
bMuM: Medizin und Mehr eG.
cGKS: Gesundheitsnetz Köln-Süd eV.

Outpatient Primary Outcomes
Use of expert teleconsultation was associated with a significantly
higher degree of adherence to the guideline recommendations
for antibiotic therapy. Overall, the treatment of patients in the
intervention group was significantly more compliant than that
in the control group with regard to the Choosing Wisely
recommendation for the treatment of uncomplicated upper
respiratory tract infections (N1; OR 1.343, 95% CI 1.155-1.562;
P=.001; model 1). This effect was significantly influenced by
the number of expert teleconsultations conducted, as indicated
by the estimated coefficient of the count variable (OR 1.007,
95% CI 1.001-1.013; P=.04; model 2). In addition, the estimated
coefficient for the quadratic term of the count variable showed
a statistically significant negative effect, which illustrates the
decreasing marginal utility of the expert teleconsultations (OR
0.9998, 95% CI 0.9996-0.9999; P=.001; model 3). Here, we
also observed an accumulation of noncompliance in the
treatment of older patients (Table 4).

Our telemedical inpatient-outpatient network also achieved
significant results with regard to the management of
asymptomatic bacteriuria (N2). Patients in the intervention
group were more likely to be treated in line with the guideline

recommendations than were the controls (OR 9.312, 95% CI
3.794-25.936; P<.001; model 1). This effect was influenced
more by the number of expert teleconsultations conducted than
by the training of the treating physicians (OR 1.533, 95% CI
1.212-2.190; P=.004; model 2). Although not statistically
significant, we also observed a trend toward a decreasing
marginal utility of the expert teleconsultations with regard to
this outcome (model 3). The Choosing Wisely recommendations
also provide advice for increasing influenza (P3) and measles
vaccinations (P4). For these analyses, we examined the quarterly
vaccination rates at the physician level during the study period.
In our basic model, we found no significant effect of expert
teleconsultations on influenza vaccinations (rate ratio 1.089,
95% CI 0.911-1.302; P=.34). However, to better capture
seasonal effects on the vaccination rates, we additionally
constructed a model in which we extended the observation
period and considered the transition phase as part of the
intervention phase because the expert training occurred at the
end of the control phase. In this model, intervention physicians
had significantly higher influenza vaccination rates (rate ratio
1.204, 95% CI 1.079-1.344; P=.001). Regarding measles
vaccination rates, we found no significant intervention effects
in either model.
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Table 4. Regression analyses of outpatient primary outcomes.a

Model 3Model 2Model 1Compliance, % (n/N)

P valueOR (95% CI)P valueOR (95% CI)P valueORb (95% CI)

N1c (N=15,714)

<.0010.978 (0.975-
0.980)

<.0010.978 (0.975-
0.980)

<.0010.978 (0.975-
0.980)

N/AdAge

N/ARefN/ARefN/ARefe80.4 (7606/9456)Control group

.990.999 (0.806-
1.238)

.051.198 (0.997-
1.438)

<.0011.343 (1.155-
1.562)

90.2 (5643/6258)Intervention group

<.0011.032 (1.015-
1.049)

.031.007 (1.001-
1.013)

———fNumber of teleconsultations

.0010.9998
(0.9996-
0.9999)

—————Squared number of teleconsultations

N2g (N=752)

.840.999 (0.985-
1.012)

.830.999 (0.985-
1.012)

.550.996 (0.983-
1.010)

N/AAge

N/ARefN/ARefN/ARef54.5 (145/266)Control group

.160.092 (0.002-
2.639)

.110.147 (0.010-
1.218)

<.0019.312 (3.794-
25.936)

75.9 (369/486)Intervention group

.081.717 (0.819-
3.174)

.0041.533 (1.212-
2.190)

———Number of teleconsultations

.650.994 (0.978-
1.038)

—————Squared number of teleconsultations

aEach model also controlled for physician-specific effects, which are not reported individually in this table; CIs were calculated based on profile
likelihood estimation.
bOR: odds ratio.
cPrimary outcome N1: Avoid prescribing antibiotics for uncomplicated upper respiratory tract infections.
dN/A: not applicable.
eRef reference group.
fDue to the different model specification, the respective variables were not included in all models.
gPrimary outcome N2: Do not treat asymptomatic bacteriuria with antibiotics.

Outpatient Secondary Outcome
We had planned to assess health-related quality of life in
outpatients measured with the 36-Item Short Form Survey
version 2.0 questionnaire. Completed questionnaires from a
total of 540 patients were available for the initial survey time
t0 (study enrollment). This corresponds to 0.4% (540/148,839)
of the patients included in the outpatient study. Of the 540
patients, 72 (13.3%) were eligible for a further survey after 3
or 12 months, as the contact data required for a renewed contact
were collected for them at t0. The response rates in the
follow-ups for these 72 patients were 32% (n=23) for t1 and
28% (n=20) for t2. An analysis of changes over time did not
appear to be appropriate based on the low response rates for t1
and t2, and no analysis was performed.

Discussion

Summary of Main Findings
To the best of our knowledge, TELnet@NRW is the largest
telemedical cluster randomized controlled study in Europe, with

more than 150,000 patients. We established a telemedical
inpatient-outpatient network as a novel digital structure in the
health care system, and we found that it measurably improved
the quality of patient care. The consistent introduction and
implementation of standardized communication using a certified
electronic patient record was a feature that was essential for
increasing the effectiveness of the processes involving the new
digital health network. The key findings of this study suggest
that expert teleconsultation is an effective tool to provide
inpatient and outpatient physicians with evidence-based
expertise on a large scale, thus improving guideline compliance
and the quality of infectious disease and intensive care
management.

Concerning the inpatient primary outcomes, our telemedical
intervention had significant quality-improving effects on the
management of Staphylococcus aureus bloodstream infections
(P1), severe sepsis and septic shock (P2), and prophylactic
antibiotic therapy (N4). Quality improvements for several
outcomes reached not only those patients who were treated with
direct expert teleconsultations but also other patients treated by
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the same physicians. This finding can be interpreted as a positive
effect of the initial training courses and/or an indirect effect of
the expert teleconsultations. It can therefore be assumed that
the treating physicians also apply the knowledge acquired in
teleconsultations to patients whose treatment is carried out
without telemedical support.

In the outpatient sector, our telemedical intervention
significantly increased guideline compliance in the management
of uncomplicated upper respiratory tract infections (N1) and
asymptomatic bacteriuria (N2). The chance of being treated
according to the recommendations was positively associated
with the number of teleconsultations already participated in by
the outpatient physician before the respective patient visit.
Furthermore, we found evidence for a decreasing marginal
utility of these teleconsultations, which may reflect the
physicians’ learning curve. To obtain a better understanding of
physicians’ learning behavior and the associated practical
implications, studies with longer observational periods are
needed. Basic analyses of influenza and measles vaccination
rates uncovered no significant intervention effects. However,
when considering the initial transition phase as part of the
intervention phase, influenza vaccination in the intervention
group increased significantly. This could be explained either
by the better statistical control of seasonal effects (as more
observation quarters were included) or by the fact that the effects
were larger immediately after the start of the intervention. The
latter would indicate that the transition period was probably too
long to capture the full potential of our intervention.
Nevertheless, as this analysis deviates from the original study
plan, it can only be interpreted as exploratory.

With regard to our secondary outcomes analyzed for the
inpatient sector, we found that the provision of expert
teleconsultations led to a higher overall sepsis bundle adherence,
which was mainly driven by improvements in compliance with
the 4- to 6-hour bundle. However, although the direct
relationship between sepsis bundle compliance as a
quality-of-care indicator and mortality is well documented in
the scientific literature [10-15,20,29], we did not observe
significant intervention effects on ICU mortality, sepsis-related
mortality, or hospital mortality.

Although its cross-sectoral applicability was an argument for
selecting compliance with the Choosing Wisely
recommendations as the primary outcome of this study, parts
of these recommendations are not applicable to both inpatient
and outpatient care, especially the ICU setting. Because
gastrointestinal function is very often impaired in patients in
the ICU and therefore the absorption of oral medications cannot
be guaranteed, most medication is administered intravenously.
Likewise, obtaining tracheal secretions and microbiological
tests is a rarity in the outpatient sector, as the therapeutic
consequence outside of serious infections is very low. As most
patients in the ICU have an indwelling urinary catheter and are
sedated, the criterion asymptomatic cannot be evaluated in the
context of bacteriuria. Notably, the compliance with abstaining
from treating elevated C‐reactive protein or procalcitonin
levels in the serum with antibiotics in patients without signs or
symptoms of infection was already 90% (531/590) in the control
phase. In summary, 40% (4/10) of Choosing Wisely

recommendations for infectious disease management are not
fully applicable to ICU care.

Within the real-world setting of our trial, it was at the discretion
of the practitioners for which patients an expert teleconsultation
was requested. Hence, attending physicians tended to include
patients thought to be more ill during the intervention phase of
the study, which is reflected by the higher SOFA scores, sepsis,
and ARDS incidences for inpatients in the intervention phase
compared with those in the control phase. We controlled for
such selection effects by including relevant variables in our
regression models, but we could not rule out the presence of
unknown confounders for which there were no data available.
Although our regression models were adjusted for the SOFA
score, this may not have fully controlled for the differences in
the baseline risks of morbidity and mortality between the study
groups. It is unclear to what extent this problem has been
aggravated by the frequent occurrence of missing values for the
different SOFA subscores and the associated need for data
imputation. It should be highlighted that TELnet@NRW was
not designed or powered to detect differences in sepsis-related
mortality because the primary outcome focused on quality
indicators for infectious disease management (Multimedia
Appendix 3). Nevertheless, in the treatment of patients with
sepsis, the early detection of sepsis followed by the early
initiation of therapy conforming to the recommendations in the
guidelines significantly improves the clinical outcomes
[8,10,20,24,30]. Hence, if expert teleconsultations continue to
be part of routine health care, we expect that this will also have
a positive effect on mortality in ICUs, as has been reported in
similar trials in the past [12,20,24]. The equivalent is well
documented in the literature regarding adherence to
evidence-based management of Staphylococcus aureus
bacteremia. Guideline adherence significantly improves clinical
outcomes and reduces mortality [31-35].

As Hemming et al [36] note, control for secular effects plays a
crucial role in stepped-wedge trials. However, especially the
need for an appropriately long transition phase to implement
the intervention at the participating sites impeded an adequate
mapping of time in our statistical models. To address this
shortcoming, we estimated secular effects on our inpatient
primary outcomes under consideration of transition phase data
in a secondary analysis. Our models incorporate time in two
ways: (1) the days since the beginning of the study (ie, the
beginning of the control phase) and (2) the days since the
beginning of the transition phase. Results of the estimations are
displayed in the Multimedia Appendix 10. For most of the
primary outcomes, we observed no significant time effects (P5,
N4, and N5). The estimation for P2 shows (1) a significant
negative overall time effect and (2) a significant positive effect
since the beginning of the implementation of the intervention.
Thus, we conclude that our intervention was a major driver of
the observed improvements and that our primary model without
time variables may rather tend to underestimate the intervention
effects. For outcome P1, however, the estimation shows
significant time effects pointing in the opposite direction. It can
be assumed that the negative time effect observed since the
beginning of the transition phase is largely due to
implementation difficulties in the participating normal wards.
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However, we cannot rule out that the intervention effects
measured in the primary evaluations were overestimated owing
to a possible time trend.

Limitations
Overall, the findings of this study should be interpreted in the
context of its limitations. The participating hospitals, ICUs, and
outpatient physicians were not chosen at random; instead, the
17 sites and 103 outpatient physicians were self-selected based
on their willingness to participate in a study to improve patient
care. However, we chose a randomized stepped-wedge design
to control for clinical characteristics, demographics, and setting
to protect our findings against bias. Nevertheless, our results
should be interpreted with the consideration of the possibility
for selection bias due to the on-site triage of patients. We
controlled for such selection effects by including relevant
variables in our regression models, but we could not rule out
the presence of unknown confounders for which there were no
data available. We also acknowledge potential bias related to
secular trends in care given the fact that the control and
intervention clusters did not overlap in time. Furthermore, for
some outcomes, the real effect size remained uncertain, which
is reflected by the large CI. This holds true especially for sepsis
bundle compliance. Nevertheless, there is sufficient certainty
that the associated ORs were >1; thus, intervention effects
existed.

Conclusions
Despite the mentioned limitations, TELnet@NRW robustly
demonstrated that a cross-sectoral health network, as a new
digital structure in the health care system, can develop into a
quality network that operates under the premise that
cross-sectoral and interregional cooperation can significantly
improve evidence-based care. On the basis of the technical
equipment, the principles of TELnet@NRW are transferable
from intensive care medicine and infectious disease management
to other subspecialist medical fields that mostly rely on expert
knowledge. Thus, the concept of TELnet@NRW can be adapted
to other patient populations, other conditions, or other areas, in
which expertise rather than equipment needs to be transported
over large distances. Our results must also be interpreted in light
of the most recent SARS-CoV-2 pandemic; a digital
inpatient-outpatient health network is well suited to meeting
pressing challenges faced by health care systems, which we will
have to address in the future (eg, staff shortages in health care
sectors, lack of experts in the geographic area, and aging
societies). However, further research is needed with regard to
the long-term patient-relevant effects of our telemedical solution
and its cost-effectiveness especially in less complex cases in
the outpatient setting.
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Abstract

Background: Smoking cessation (SC) interventions may contribute to better treatment outcomes and the general well-being
of cancer survivors.

Objective: This study aims to evaluate the effectiveness, cost-effectiveness, and cost-utility of a digital interactive SC intervention
compared with a noninteractive web-based information brochure for cancer survivors.

Methods: A health economic evaluation alongside a pragmatic 2-arm parallel-group randomized controlled trial was conducted
with follow-ups at 3, 6, and 12 months. The study was conducted in the Netherlands over the internet from November 2016 to
September 2019. The participants were Dutch adult smoking cancer survivors with the intention to quit smoking. In total, 165
participants were included and analyzed: 83 (50.3%) in the MyCourse group and 82 (49.7%) in the control group. In the intervention
group, participants had access to a newly developed, digital, minimally guided SC intervention (MyCourse-Quit Smoking).
Control group participants received a noninteractive web-based information brochure on SC. Both groups received unrestricted
access to usual care. The primary outcome was self-reported 7-day smoking abstinence at the 6-month follow-up. Secondary
outcomes were quality-adjusted life years gained, number of cigarettes smoked, nicotine dependence, and treatment satisfaction.
For the health economic evaluation, intervention costs, health care costs, and costs stemming from productivity losses were
assessed over a 12-month horizon.

Results: At the 6-month follow-up, the quit rates were 28% (23/83) and 26% (21/82) in the MyCourse and control groups,
respectively (odds ratio 0.47, 95% CI 0.03-7.86; P=.60). In both groups, nicotine dependence scores were reduced at 12 months,
and the number of smoked cigarettes was reduced by approximately half. The number of cigarettes decreased more over time,
and the MyCourse group demonstrated a significantly greater reduction at the 12-month follow-up (incidence rate ratio 0.87;
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95% CI 0.76-1.00; P=.04). Intervention costs were estimated at US $193 per participant for the MyCourse group and US $74
for the control group. The mean per-participant societal costs were US $25,329 (SD US $29,137) and US $21,836 (SD US
$25,792), respectively. In the cost-utility analysis, MyCourse was not preferred over the control group from a societal perspective.
With smoking behavior as the outcome, the MyCourse group led to marginally better results per reduced pack-year against higher
societal costs, with a mean incremental cost-effectiveness ratio of US $52,067 (95% CI US $32,515-US $81,346).

Conclusions: At 6 months, there was no evidence of a differential effect on cessation rates; in both groups, approximately a
quarter of the cancer survivors quit smoking and their number of cigarettes smoked was reduced by half. At 12 months, the
MyCourse intervention led to a greater reduction in the number of smoked cigarettes, albeit at higher costs than for the control
group. No evidence was found for a differential effect on quality-adjusted life years.

Trial Registration: The Netherlands Trial Register NTR6011; https://www.trialregister.nl/trial/5434

International Registered Report Identifier (IRRID): RR2-10.1186/s12885-018-4206-z

(J Med Internet Res 2022;24(3):e27588)   doi:10.2196/27588

KEYWORDS

smoking cessation; cancer survivors; effectiveness; cost-effectiveness; eHealth

Introduction

Background
In cancer survivors, continued tobacco use is one of the most
important risk factors for the development of secondary cancers,
iatrogenic effects of cancer treatment, and cancer mortality [1].
The prevalence of smoking among cancer survivors is
considerable, estimated at 11.8% for US cancer survivors in
2018 [2], with rates that tend to be higher among women and
younger cancer survivors [3,4] and those with low health-related
quality of life [5]. In the Netherlands, no difference in smoking
prevalence was found between cancer survivors and noncancer
survivors after adjusting for sociodemographic variables [6].

Many cancer centers in the United States have not implemented
tobacco treatment services [7]; less than half of cancer care
providers routinely discuss smoking cessation (SC) medication
with cancer survivors [8]; and the delivery of effective SC
support to cancer survivors is currently lacking [9,10]. In
Europe, the general picture is comparable [11]. At the same
time, cancer survivors are generally receptive toward discussions
of SC with their health care professionals [3,12,13]. Among
patients with head and neck cancer receiving SC counseling,
26% higher SC rates were observed than control groups in a
meta-analysis of 3 randomized controlled trials (RCTs) and 3
cohort studies [14]. Distance-based SC support was also found
to be more effective in reducing smoking than a range of control
conditions [15]. Nayan et al [16] reported that SC interventions
delivered in the perioperative period lead to higher quit rates in
cancer survivors (odds ratio [OR] 2.31) but found no effect of
SC interventions delivered in the cancer clinic. In addition,
when considering biochemically validated smoking status, no
significant effect of SC interventions was found in cancer
survivors [17]. An integrated tobacco treatment program in a
cancer setting showed that high abstinence rates of 45.8% at 6
months could be achieved, as demonstrated in a cohort study
of 3245 patients (593 had no cancer history) [18], but this was

a highly intensive treatment program consisting of in person
and telephone sessions spanning 8 to 12 weeks, which not only
provided behavioral counseling for SC but also pharmacotherapy
and treatment of related mental health conditions. Overall, there
is a paucity of literature on SC interventions, specifically for
cancer survivors, and the relevant literature shows conflicting
outcomes.

Even fewer studies have evaluated the cost-effectiveness of
digital SC interventions in the population of cancer survivors.
Digital interventions may have the benefit of being scalable,
easily accessible, and providing a cost-effective way to support
the growing number of cancer survivors [19]. A pilot study
demonstrated good acceptability of a digital SC intervention
among cancer survivors [20]. A recent meta-analysis [15]
indicated that few SC interventions for cancer survivors were
digital interventions (2 out of 10), with most being delivered
over the telephone. However, the effectiveness and
cost-effectiveness of existing digital SC interventions over the
internet when specifically tailored to cancer survivors is unclear.

Objectives
It was deemed timely and appropriate to launch a new study
evaluating the effectiveness and cost-effectiveness of a recently
developed digital intervention with minimal guidance aimed at
supporting cancer survivors to quit smoking: MyCourse—Quit
Smoking (in Dutch: MijnKoers—Stoppen met Roken; Figure
1 [21]). Details of how the intervention was developed are
provided elsewhere [21]. In this study, we aim to answer the
following research questions:

1. Is the digital interactive SC intervention MyCourse—Quit
Smoking more effective than a web-based SC brochure to
improve smoking cessation rates?

2. Is the digital interactive SC intervention MyCourse—Quit
Smoking more cost-effective than a web-based SC brochure
in terms of incremental costs per reduced pack-year and
incremental costs per quality-adjusted life year (QALY)
gained?
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Figure 1. Intervention flowchart (adapted from Mujcic et al [21]).

Methods

Design
The effectiveness, cost-effectiveness, and cost-utility of a digital
SC intervention for cancer survivors was evaluated in an
individual RCT with 2 parallel arms. The trial was conducted
in the Netherlands between 2016 and 2019. The first inclusion
was on November 4, 2016, and the last inclusion was on
September 15, 2018. The last follow-up data were collected on
September 24, 2019. The study was prospectively registered in
the Netherlands Trial Register (NTR6011) on September 1,
2016. For an extensive description of the study protocol, see
the study by Mujcic et al [21]. This study was part of a set of 2
separate RCTs on interventions for SC and alcohol moderation,
both targeting cancer survivors. The results of the RCT on the
alcohol moderation intervention (MyCourse—Moderate
Drinking) will be published separately.

Ethics Approval
Ethical approval was obtained from an accredited medical
research and ethics committee in the Netherlands
(Toetsingscommissie Wetenschappelijk Onderzoek Rotterdam
e.o. NL55921.101.16).

Participants and Recruitment
A dedicated website was created where participants could inform
themselves about the study and apply for participation.

Applicants for the trial were eligible if they were aged ≥18
years, diagnosed with any form of cancer in the past 10 years,
had a PC or laptop and internet connection at home, had the
ability and intention to participate in the 12-month study,
smoked ≥5 cigarettes per day in the past 7 days, and had the
intention to quit smoking cigarettes. Those who had insufficient
mastery of the Dutch language; those who were pregnant; or
those who self-reported suicidal ideation, acute psychosis, severe
alcohol dependence, dementia, or severe depression were
excluded. These criteria were assessed using a web-based
screening questionnaire on the website. The same screening
questionnaire was used for both trials to evaluate the SC and
alcohol moderation intervention [21]. Some people were eligible
for both the current SC trial and the alcohol moderation trial;
they were offered to participate in 1 trial of their choice (Figure
2). None of the participants were allowed to participate in both
trials simultaneously.

Recruitment was conducted through web-based and offline
strategies. Targeted web-based (social) media and search engine
advertisements were pointed to the website and web-based
screening questionnaire. SC clinics, oncology departments, and
meeting centers for cancer survivors were contacted and offered
promotional material (flyers and posters) to help refer cancer
survivors to the website.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flowchart. RCT: randomized controlled trial.

Procedure
After completing the screening questionnaire on the study’s
website, applicants were informed by a computer-generated
email about their eligibility for study participation. Those
eligible were sent an invitation email containing patient
information, an informed consent form, and a link to register.
They then had 30 days to decide on their participation; during
this time, they could contact the research team or an independent
physician with questions. Once the informed consent form was
digitally signed, the participants completed the baseline
questionnaire. Immediately after completion of the baseline
measurement, participants were allocated to either the
intervention or the control group arm in a 1:1 ratio through
adaptive randomization (minimization of baseline imbalance
for age, sex, and education level) performed automatically by
a server-side PHP script using a Mersenne twister random
number generator. Participants received an email confirming
their allocation and containing their username and instructions
on how to log on. The participants were not blinded to the study
group allocation. At 3, 6, and 12 months after randomization,
participants received a link to the web-based questionnaire via
email. Nonresponders received up to 3 reminder emails and, in
case of continued nonresponse, were contacted by telephone.
For each completed follow-up assessment, they were reimbursed
approximately US $30. As this was a pragmatic randomized
controlled trial, in both groups, patients were allowed to use

additional support (eg, nicotine replacement therapy) if they
felt they needed it.

Intervention
MyCourse—Quit Smoking is a newly developed, minimally
guided, digital intervention aimed at supporting SC in cancer
survivors, based on well-established therapeutic approaches:
motivational interviewing, cognitive behavioral therapy, and
acceptance and commitment therapy. These approaches have
been incorporated into effective SC interventions in the general
population [22-24]. Cancer survivors and professionals in
eHealth, oncology, and SC were involved throughout the
development process. The intervention was accessible through
a PC, tablet, and smartphone. At first, log-in participants were
guided in setting up a quit plan including a quit date, after which
they gained access to 13 exercises, a web-based diary for
self-monitoring of tobacco use and contextual cues, information
on SC and cancer, and a peer support platform (Figure 1 [21]
and Multimedia Appendix 1). Participants could choose to use
the intervention whenever they wanted for the duration of the
study but were encouraged to log in daily for at least 4 weeks.
Elsewhere, we have provided a more extensive description of
the intervention and its development [21].

Control Group
Participants in the control group received access to a
noninteractive web-based information brochure on the risks of
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smoking and tips on how to quit smoking, which they could
access whenever they wanted by logging into the website. It
contained both general SC information and information
specifically relevant to cancer survivors. However, it did not
contain any responsive elements of the MyCourse intervention.

Additional Support
Participants in both groups were free to seek additional help if
needed and were referred to the National SC Information Line
(in Dutch: Rokeninfo-lijn) for more information. The use of
additional support was retrospectively assessed at follow-up.
At the end of the study, at 12 months after randomization, the
control group participants also received access to the digital
intervention MyCourse—Quit Smoking.

Measures

Baseline
Sociodemographic characteristics and type of cancer were
assessed. Tobacco use was assessed by using Timeline
Followback (TLFB) self-reports [25] for the number of
cigarettes smoked in the past 7 days. Nicotine dependence was
assessed using the Fagerström Test for Nicotine Dependence
(FTND) [26], a 6-item questionnaire. In participants reporting
alcohol use, problematic alcohol use was assessed using the
Alcohol Use Disorders Identification Test (AUDIT) [27], a
10-item questionnaire. The Marlowe-Crowne Social Desirability
Scale (MCSDS) was used to assess the reliability of the
self-reported questionnaire data [28]. QALYs were assessed
using the 5-level EuroQol (EQ-5D-5L) [29]. In addition, the
Medical Outcomes Study Short Form Survey-36 was
administered to calculate the Short Form 6-dimension (SF-6D)
quality of life measure [30] using the Brazier algorithm [31].

Follow-up Measurements
At all follow-up measurements, we assessed tobacco and alcohol
use by using TLFB self-reports, nicotine dependence by using
FTND, productivity and health care costs, QALYs using
EQ-5D-5L and Medical Outcomes Study Short Form Survey-36,
and the use of other SC support and e-cigarettes. Intervention
use variables (eg, number of log-ins and use of major content
elements) were collected throughout the study period. At
3-month follow-up treatment, satisfaction was assessed using
the German adapted Client Satisfaction Questionnaire
(Fragebogen zur Messung der Patientenzufriedenheit, ZUF-8),
which was translated into Dutch [32].

Primary and Secondary Outcome Measures
The primary predefined endpoint was 7-day smoking abstinence
at the 6-month follow-up, measured by using TLFB self-reports.
Those who reported not smoking at all in the past 7 days were
considered abstinent smokers (yes or o). Secondary measures
included the number of smoked cigarettes in the past 7 days,
nicotine dependence as measured by the FTND (range 0-10),
treatment satisfaction as measured by ZUF-8 (range 8-32), health
care costs, productivity loss, and QALYs.

Costs
Costs were calculated from a societal perspective for the year
2019. Intervention costs included depreciation costs (the

estimated loss of value of an interactive website, as it needs to
be updated regularly to keep up with technological
advancements and prevent safety issues), costs for hosting the
website, and technical support and recruitment costs (which
consisted of both advertising costs in web-based and offline
media, as well as the costs of printing promotional material),
and these were allocated evenly to all participants regardless of
intervention use. Recruitment costs were included as they were
considered an essential part of the intervention and control
condition. Health care costs were calculated by multiplying all
reported contacts with health services with the standard unit
cost prices for the Netherlands [33]. Health service costs
stemmed from contacts with specialized somatic and mental
health care and patients’ out-of-pocket costs for home care, but
travel costs were not included because in both groups the
interventions were delivered over the internet. Other health care
costs included appointments for physiotherapy, alternative
medicine, and social work. Medication costs were valued by
multiplying the reported dose of that drug with unit cost price
[34]. Productivity loss included costs from absenteeism and
presenteeism, calculated according to the friction cost method,
meaning productivity losses were limited to a maximum of 85
days after which production losses cease to exist because the
sick employee would be replaced by another and using an
elasticity factor of 0.8 because there is not a strict 1:1 relation
between days not worked and productivity losses. Cost data
related to health care use and productivity loss were assessed
using the Trimbos and iMTA questionnaire for Costs associated
with Psychiatric Illness [35]. Cumulative societal costs over the
entire follow-up period of 12 months were calculated as the
sum of health care costs and productivity losses. Costs were
converted from euros to US dollars using purchasing power
parities for the reference year 2019.

Sample Size
A study on an SC intervention among cancer survivors found
a quit rate of 30% in the active SC intervention group versus
15% in the SC control group, translating to a relative risk (RR)
of 2.14 [36]. A pilot trial of an acceptance and commitment
theory web-based SC intervention found a 23% quit rate in the
experimental arm versus a 10% quit rate in the control arm,
translating to an RR of 2.20 [24]. On the basis of the average
of these RRs, an RR of 2.1 was expected, translating into a 21%
quit rate in the experimental arm, assuming a 10% quit rate in
the control arm at the 6-month follow-up. On the basis of the
conventional statistical significance level (Cronbach α≤.05),
an RR of 2.1 at the 6-month follow-up, 204 participants would
yield a power of 0.83 for 1-sided tests or a power of 0.74 for
2-sided tests.

Statistical Analyses

Imputation of Missing Data
All primary and secondary outcome measures were analyzed
in accordance with the intention-to-treat principle, except for
ZUF-8 (treatment satisfaction). To that end, missing data for
primary and secondary outcome measures and costs were
imputed using the predictive mean matching method from the
mice package in R (R Foundation) [37]. The responses to ZUF-8
were not imputed. For the 2 deceased participants, the smoking
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status and number of cigarettes smoked were left missing, and
the quality of life (EQ-5D-5L) score and costs were set to 0.

Effect Evaluation
Tobacco abstinence (binary yes or no outcome) was analyzed
using a Generalized Linear Mixed Model (GLMM) with a
binomial distribution and log link function. Although imputation
of missing values is not always deemed necessary when running
a GLMM, imputation of missing values before running a GLMM
allowed us to consider all variables that could have impacted
dropout and not only the variables within a specific model. The
number of cigarettes smoked (count data 0, 1, …, N) was
analyzed using a GLMM with a log link function and negative
binomial distribution [38]. Included covariates were the
minimized variables (gender, age, and education) and the
MCSDS (social desirability of responses). Model estimates,
ORs, incidence rate ratios (IRRs) or Cohen d, 95% CIs, and P
values were reported. The effect of time on the number of
cigarettes was analyzed using an F test. Differences between
the intervention and control groups on FTND nicotine
dependence and ZUF-8 patient satisfaction scores were analyzed
using a Linear Mixed Model for the Gaussian distribution with
identity as the link function; estimates, 95% CIs, and P values
were also reported.

Cost-effectiveness Analyses
An economic evaluation was conducted alongside this RCT
following the approach of Drummond et al [39] and in
concordance with the Consolidated Health Economic Evaluation
Reporting Standards statement [40]. QALYs over the entire
follow-up period were computed using the Dutch tariff (utility
weights) [41] through the area under the curve method; that is,
linear interpolation for cumulating the cost over the 12-month
follow-up period. The incremental cost-effectiveness ratio
(ICER) was calculated as follows: ICER=(C1−C0)/(E1−E0),
where C refers to costs, E refers to effect, and the subscripts 1
and 0 refer to the MyCourse and control groups, respectively.
We generated 2500 replicate samples by bootstrap and estimated
the corresponding incremental costs and effects for each
replicate sample, which were then plotted on a cost-effectiveness
plane. In addition to the ICER per QALY gained, the ICER per
reduced pack-year was calculated. Pack-years were calculated
by multiplying cigarettes smoked in the past week by 52 (weeks

in a year) and dividing by 20 (cigarettes per pack) and 365 (days
in a year). We calculated ICERs from the following four
perspectives: societal, health care, productivity loss, and
intervention cost–only. Cost-effectiveness acceptability curves
(CEACs) were graphed to assess the likelihood that the
intervention was deemed cost-effective, given a series of
willingness-to-pay ceilings for gaining 1 QALY.

Sensitivity Analyses
The negative binomial and binomial analyses of the
mice-imputed data constituted the main analyses. We conducted
several sensitivity analyses for the effectiveness and incremental
cost-effectiveness analyses using QALYs based on the SF-6D
(instead of the EQ-5D-5L), using Winsorizing cost outliers,
using the Amelia-2 package (R Foundation) instead of the
mice-package for imputations, considering a gradual decline in
pack-years, and using different statistical models (Multimedia
Appendix 1).

Results

Sample Characteristics
The participant flow and retention rates are shown in Figure 2.
Of the 2192 ineligible people, 1684 (76.82%) had no diagnosis
of cancer in the past 10 years. Of the 475 eligible cancer
survivors, 268 (56.4%) declined to participate, 9 (3.4%) of
whom chose to participate in our parallel RCT on MyCourse
for alcohol moderation, and another 42 (8.8%) cancer survivors
did not complete the baseline questionnaire and were, therefore,
not randomized. Sociodemographic and other characteristics
are reported in Table 1. The participants’ mean age was 54.2
(SD 11.2) years, 17.6% (29/165) were men, approximately half
were married or living together (93/165, 56.4%), and 30.3%
(50/165) had a lower education level. On average, participants
had smoked for 34.5 (SD 12.0) years and smoked 100 (SD 51.2)
cigarettes per week. Three participants quit smoking between
screening and completing the baseline questionnaire (Table 2).
Breast cancer (75/165, 45.5%), lung cancer (23/165, 13.9%),
uterus cancer (19/165, 11.5%), and head and neck cancer
(18/165, 10.9%) were the most frequently reported. There was
no difference in the proportion of missing data between groups

at any of the time points (χ2
1=0.09; P=.77; Multimedia

Appendix 2).
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Table 1. Baseline characteristics of study participants.a

Total (N=165)Control (n=82)MyCourse (n=83)

Gender, n (%)

136 (82.4)66 (80)70 (84)Women

29 (17.6)16 (20)13 (16)Men

54.2 (11.2)53.3 (10.3)55.0 (12.1)Age (years), mean (SD)

Education, n (%)

44 (26.7)19 (23)25 (30)Higher level

71 (43.0)38 (46)33 (40)Midlevel

50 (30.3)25 (30)25 (30)Lower level

Marital status, n (%)

93 (56.4)46 (56)47 (57)Married or living together

26 (15.8)11 (13)15 (18)Unmarried or living alone

36 (21.8)20 (24)16 (19)Divorced

10 (6.1)5 (6)5 (6)Widowed

Smoking behavior, mean (SD)

34.5 (12.0)34.6 (12.2)34.4 (11.8)Years smoked

100 (51.2)98.2 (48.2)101.8 (54.3)Number of cigarettes in the past 7 days

4.9 (2.4)4.9 (2.3)4.9 (2.4)FTNDb

Drinking behavior

110 (66.7)55 (67)55 (66)Drank alcohol in the last month, n (%)

6.2 (11.2)5.6 (8.7)6.9 (13.1)Number of drinks in the past 7 days, mean (SD)

3.6 (4.7)3.6 (4.2)3.7 (5.1)AUDIT,c mean (SD)

Cancer diagnosis, n (%)

75 (45.4)33 (40)42 (51)Breast

23 (13.9)9 (11)14 (17)Lung

19 (11.5)12 (15)7 (8)Uterus

18 (10.9)8 (10)10 (12)Head and neck

10 (6.0)5 (6)5 (6)Colon

20 (12.1)26 (32)5 (6)Other (including bladder, lymphatic, melanoma, skin, kidney, prostate, etc)

aPercentages may not add up to 100 because of rounding.
bFTND: Fagerström Test for Nicotine Dependence.
cAUDIT: Alcohol Use Disorders Identification Test.
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Table 2. Smoking behavior outcomes and treatment effects (missing data were imputed; a total of 3 participants quitted smoking between screening
and completing the baseline questionnaire).

Effect size (95% CI)Control (n=82)MyCourse (n=83)Variable

Cessation, n (%)a

N/Ab1 (1.2)2 (2.4)Baseline

Adjusted ORc 0.33 (0.02 to 5.44)19 (23.2)18 (21.7)3 months

Adjusted OR 0.47 (0.03 to 7.86)21 (25.6)23 (27.7)6 months

Adjusted OR 0.58 (0.03 to 9.78)23 (28.1)27 (32.6)12 months

Number of cigarettes, mean (SD)d

N/Ab98.2 (48.2)101.8 (54.3)Baseline

Adjusted IRRe 0.95 (0.85 to 1.06)54.2 (48.2)54.3 (51.1)3 months

Adjusted IRR 0.96 (0.85 to 1.08)50.1 (47.5)50.5 (50.5)6 months

Adjusted IRR 0.87 (0.76 to 1.00)f49.6 (44.9)45.4 (50.9)12 months

FTND,g mean (SD)h

N/Ab4.9 (2.3)4.9 (2.4)Baseline

Cohen d=0.03 (−0.27 to 0.34)2.8 (2.5)2.9 (2.5)3 months

Cohen d=0.07 (−0.23 to 0.38)2.8 (2.6)2.6 (2.6)6 months

Cohen d=0.13 (−0.18 to 0.43)2.7 (2.5)2.4 (2.6)12 months

aAdjusted coefficients are based on a binomial mixed model with random intercept in which the outcome measure at follow-up is regressed on the
baseline number of cigarettes, covariates, and condition.
bN/A: not applicable.
cOR: odds ratio.
dAdjusted coefficients are based on a negative binomial mixed model with random intercept in which the outcome measure at follow-up is regressed
on the baseline number of cigarettes, covariates, and condition.
eIRR: incidence rate ratio.
fAdjusted coefficients are based on a linear mixed model with random intercept in which the outcome measure at follow-up is regressed on the baseline
number of cigarettes, covariates, and condition.
gFTND: Fagerström Test for Nicotine Dependence.
hP<.05 (P=.04).

Treatment Uptake and Satisfaction
Overall satisfaction with the SC intervention was highest in the
MyCourse group (mean 21.4, SD 4.6) than in the control group
(mean 17.3, SD 6.1; Cohen d=0.77; t108.8=4.13; P<.001;
Multimedia Appendix 2). Most participants in the MyCourse
group logged in at least once (57/83, 69%). The number of times
participants logged in was skewed, with an average of 20 (SD
61.2) and a median of 3 (range 0-384). The average time
between the first and last log-in for those who logged in at least
once was 105.2 (SD 157.5; median 24) days. Most reported SC
support in addition to MyCourse at the 6-month follow-up was
nicotine replacement therapy (control group: 25/82, 30%;
MyCourse group: 14/83, 17%) and contact with a health care
professional (control group: 7/82, 9%; MyCourse group: 3/83,
4%). The use of nicotine replacement therapy was reported more
often (18.1% vs 30.5% at 12 months) in the control group than
in the MyCourse group (P=.02).

Adverse Events
Two deaths occurred in the MyCourse group over the course
of the study period, which was reported to the medical research
and ethics committee. The cause of death was deemed to be
unrelated to the study. No other adverse events were observed.

Incremental Effects

Primary Outcome
At the 6-month follow-up, 28% (23/83) of smokers had quit
smoking in the MyCourse group versus 26% (21/82) in the
control group (Table 2). No difference in 7-day abstinence was
found between the 2 groups (adjusted OR 0.47, 95% CI
0.03-7.86; P=.60) when controlling for social desirability,
baseline number of cigarettes used in the last week, gender, age,
and education.

Secondary Outcomes
Table 2 and Figure 3 present the effect estimates on the
secondary outcomes. In brief, the number of cigarettes smoked
in the past week was significantly reduced at all follow-ups and
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in both groups compared with baseline (F3=51.5; P<.001; Table
2 and Figure 3). At 12-month follow-up, number of cigarettes
was reduced by about half in both the MyCourse group, showing
an average reduction of 57 cigarettes (57/101.8, 56%), and in
the control group, showing an average reduction of 48 cigarettes
(48/98.2, 49%; Table 2 and Figure 4). At 12-month follow-up,
the reduction of number of cigarettes smoked was significantly
greater in the MyCourse group than in the control group
(adjusted IRR 0.87, 95% CI 0.76-1.00; P=.04). At 3- and
6-month follow-up, the difference in number of cigarettes
between groups was not significant.

FTND scores were significantly lower at all follow-ups in both
groups compared with baseline scores, whereas the time ×
condition interaction was not significant (Cohen d=0.03; 95%
CI −0.27 to 0.34; P=.95), indicating no significant difference
between the groups over time.

The mean EQ-5D-5L QALYs gained in the intervention group
was 0.75 (SD 0.18) and in the control group was 0.78 (SD 0.15).
There was no significant effect of treatment on quality of life
based on EQ-5D-5L scores (B=−0.03, SE 0.03; P=.26).

Figure 3. Percentage of quitters in both groups at baseline and during the course of the study. A total of 3 participants quitted smoking between screening
and completing the baseline questionnaire.

Figure 4. Mean number of cigarettes smoked in both groups at baseline and during the course of the study, including SEs. Error bars show SEs of the
mean.
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Incremental Costs
Table 3 presents the costs per group and the incremental costs
(cost difference between the MyCourse and control groups) per
cost item. The intervention costs were estimated at US $193
per participant in the MyCourse group and US $74 per
participant in the control group. The average health care costs
accumulated over the full 12 months follow-up time were US
$14,416 (SD US $20,604) per participant in the MyCourse
group and US $12,950 (SD US $17,704) per participant in the

control group, resulting in incremental health care costs of US
$1466 (SD US $27,165). Cost owing to productivity losses was
mainly driven by absenteeism at US $10,444 (SD US $17,277)
in the MyCourse group and US $8145 (SD US $15,750) in the
control group, with high within-group variance. Incremental
productivity costs per participant were on average US $1908
(SD US $23,490). The average cumulative societal costs were
US $3493 (SD US $38,913) higher in the MyCourse group than
in the control group. See Table 3 for a detailed breakdown of
the main cost items and the corresponding SDs.

Table 3. Mean cumulative costs (in US $) by group and incremental costs.

Incremental costsa; mean (SD)Control; (n=82), mean (SD)MyCourse; (n=83), mean (SD)Cost item

1466 (27,165)12,950 (17,704)14,416 (20,604)Health care costs

1238 (15,906)7180 (10,674)8418 (11,792)Specialized somatic

771 (11,510)1380 (5441)2151 (10,143)Specialized psychiatric

−644 (13,648)1954 (9252)1310 (10,034)Patient and family costs

122 (3671)1411 (2518)1533 (2671)Other

335 (5080)1023 (3254)1358 (3901)Medication

1908 (23,490)8812 (15,841)10,720 (17,345)Productivity loss

−101 (1133)332 (864)231 (733)Presenteeism

2299 (23,379)8145 (15,750)10,444 (17,277)Absenteeism

−23 (1453)474 (1007)451 (1048)Unpaid work

119 (0)74 (0)193 (0)Intervention costs

3493 (38,913)21,836 (25,792)25,329 (29,137)Total societal costs

aCosts in the MyCourse group minus costs in the control group.

Cost-Utility
Participants in the MyCourse group gained fewer QALYs than
participants in the control group (0.75 vs 0.78). In addition, the
societal costs in the MyCourse group were higher than those in
the control group (US $25,329 vs US $21,836). In other words,

fewer QALYs were gained against higher costs, which rendered
the control group the preferred option, as seen from a
cost-effectiveness viewpoint. The cost-effectiveness plane in
Figure 5 shows that there is a 71% likelihood that MyCourse
is dominated by the control group.
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Figure 5. Cost-effectiveness planes and cost-effectiveness acceptability curves in US $. Each quadrant in the cost-effectiveness planes represents a
different association between the incremental costs (y-axis) and the incremental effects (x-axis) of the MyCourse group compared with the control
group. When incremental cost-effectiveness ratios (ICERs) fall in the upper-right quadrant, this represents more effect at higher costs. When ICERs
fall in the upper-left quadrant, this represents less effect at higher costs, meaning the MyCourse group is dominated by the control group. ICERs in the
lower-right quadrant represent more effect at lower costs: the dominant quadrant. ICERs in the lower-left quadrant represent less effect at lower costs.
QALY: quality-adjusted life year; WTP: willingness to pay.

Cost-effectiveness
Participants in the MyCourse group reduced pack-years more
than the control group (0.41 vs 0.34) against higher societal
costs (US $25,329 vs US $21,836). Comparing the difference
in total societal costs to the difference in pack-years yielded an
ICER of US $52,067 per reduced pack-year (95% CI US
$32,515-US $81,346). There is a 66% chance that the

intervention leads to more reduced pack-years at a higher cost
(Figure 5). The CEAC based on the societal cost perspective
presented in Figure 5 indicates that the intervention will be
preferred over the control group when the willingness to pay
per reduced pack-years is more than US $50,000. From an
intervention cost–only perspective, ICER per pack-year was
calculated to be US $1772 (95% CI US $1384-US $2502). See
Table 4 for a breakdown by perspective.
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Table 4. Incremental cost-effectiveness ratios between baseline and the 12-month follow-up.a

Incremental costs per reduced pack-yearPerspective

95% CIMean (US $)

9179-38,92021,851Health care perspective

16,832-44,74928,444Productivity loss perspective

1384-25021772Intervention cost–only perspective

32,515-81,34652,067Societal perspective

aThe incremental cost-effectiveness ratios were calculated as follows: (C1 – C0) / (E1 – E0), where C refers to costs, E refers to effects, and the subscripts
0 and 1 refer to the experimental and control arms, respectively.

Sensitivity Analyses
Sensitivity analysis of the Amelia 2-imputed data (adjusted OR
3.16, 95% CI 0.17-57.80; P=.44) and completers only (ie, those
who completed the questionnaires, without imputation; adjusted
OR 2.89, 95% CI 0.16-53.18; P=.47) showed similar results on
the effect of treatment group on tobacco abstinence rates. The
Poisson model with correction for overdispersion showed similar
results on the effect of treatment on cigarettes smoked at the
12-month follow-up (adjusted B=−0.c55, 95% CI −1.05 to
−0.04; P=.03). Sensitivity analyses of the Amelia-2 imputed
data also showed a large effect of time but found no effect of
treatment group at the 12-month follow-up (adjusted IRR 0.997,
95% CI 0.82-1.22; P=.97). The completers only sensitivity
analysis showed a greater reduction in the number of cigarettes
in the control group at 6 months (adjusted IRR 1.08, 95% CI
1.01-1.15; P=.03), but at 12 months, a greater reduction in the
MyCourse group (adjusted IRR 0.88, 95% CI 0.82-0.94;
P<.001). For the number of cigarettes smoked, the social
desirability score was a significant predictor in the Poisson
model, but not in the negative binomial model. When QALYs
were based on SF-6D scores, results of the economic evaluation
remained similar. When Winsorization of extreme costs was
applied at the 95th percentile, the cost-effectiveness planes and
CEACs remained similar, but ICER per pack-year was lower
at US $31,342 (95% CI US $17,912-US $50,007). When the
gradual decline in the number of pack-years was accounted for,
ICER per pack-year was higher (US $68,267, 95% CI US
$42,293-US $111,044) and the cost-effectiveness planes
comparable (Multimedia Appendix 3). Overall, the sensitivity
analyses attested to the robustness of the findings in the main
analysis.

Discussion

Principal Findings
This study evaluated the effectiveness and cost-effectiveness
of MyCourse, a digital SC intervention tailored to cancer
survivors, versus a web-based noninteractive information
brochure. In the MyCourse group, 27.7% of the participants
quit smoking after 6 months. In the control group, 25.6% of the
participants quit smoking. The number of cigarettes smoked in
the past 7 days was reduced by more than half in both groups.
At the 12-month follow-up, MyCourse participants showed
significantly larger reductions in the number of smoked
cigarettes than participants in the control group. However, no
statistically significant difference was found in the SC rates

between the intervention and control groups. Nicotine
dependence as measured by FTND was also significantly
reduced at all time points in both groups, but no difference was
found between the groups. Participants in the MyCourse group
had significantly higher treatment satisfaction scores than those
in the control group. From a societal perspective, the MyCourse
intervention was dominated by the control group in the
cost-utility analysis. In the cost-effectiveness analysis,
MyCourse led to marginally better results against higher costs,
with a mean ICER of US $52,067 per reduced pack-year.
Cessation rates were high in the MyCourse and control groups.

Findings in Context
We found no difference in SC rates between the MyCourse and
control groups. In previous literature, digital SC interventions
have shown superior effectiveness over nonactive control groups
(including both usual care and printed self-help materials),
among the general population as well as other target groups
[42,43]. There is evidence that among cancer survivors,
distance-based SC interventions (including digital interventions)
also show greater effectiveness than control groups [15]. At the
same time, cessation rates in the MyCourse group found in this
study are comparable with cessation rates found in 2 previous
studies on digital SC interventions for (childhood) cancer
survivors [20,44], but cessation rates in our control group were
higher than in these previous studies.

Our study did not find an effect on QALYs; a longer follow-up
period may be necessary to detect improvements in quality of
life among cancer survivors, as their quality of life may be more
directly influenced by factors pertaining to cancer diagnosis
[45]. There are also some differences in the ICERs that we found
compared with previous studies. A systematic review in the
Netherlands showed greater cost-utility (< US $22,689 [€20,000]
per QALY per year) of intensive SC counseling and
pharmacotherapy over care as usual in another patient
population: patients with chronic obstructive pulmonary disease
[46], and a similar study on a digital SC intervention among the
general population showed an ICER of about US $3398 (€3000)
per abstinent smoker [47]. The large ICER per reduced
pack-year in this study can partly be explained by the relatively
small difference in effect on the reduced number of cigarettes
between the intervention and control groups, and the high health
care and productivity costs in this population. Benefits or costs
due to changes in tax revenue are not included in a
cost-effectiveness analysis but could be a topic of interest in
social cost-benefit analyses.
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Cessation rates in our control group were higher than those in
the studies referenced for power analysis. This might be due to
differences in target groups between the studies: we studied
cancer survivors, whereas the referenced studies either focused
on the general population [24] or cancer survivors with a
comorbid problem such as drinking or depression [36]. The
similar effect on SC of the MyCourse and control groups might
be due to several factors. Notably, twice as many participants
in the control group reported the use of nicotine replacement
therapy, suggesting that this might have influenced SC rates.
The control group participants may have had an increased need
for additional support. As this was a pragmatic trial, both groups
were provided with the contact details of a free national
telephone helpline (in Dutch: Rokeninfo-lijn), which could help
find participants additional support if the current intervention
was deemed insufficient. Furthermore, to recruit participants,
a dedicated website and social media campaign was in place,
aimed at informing cancer survivors of the short-term benefits
of SC after a cancer diagnosis, emphasizing an accepting tone
to reduce possible feelings of guilt, and ultimately guide them
to participate in the study. Other contributing factors might have
been related to the fact that over the course of the study period,
participants received multiple reminder emails and telephone
calls from the researchers to fill out the survey at the respective
follow-up measurement waves. Although these calls were kept
as short as possible, some participants might have experienced
those as part of the intervention, feeling supported by them,
which could have influenced SC rates. To summarize, the
low-threshold provision of psychoeducation, offered in an
accepting manner, encouragement to seek support provided in
recruitment materials and the information brochure, repeated
reminders, and increased use of nicotine replacement therapy
may have been sufficient to support many participants in their
SC efforts. This should be evaluated in future studies.

To considerably increase SC rates among cancer survivors
compared with control groups, intensive and well-implemented
programs are needed. It is possible that cancer survivors require
digital interventions with more guidance, as suggested by a
meta-analysis that found that only nurse-delivered SC
interventions moderated effectiveness among cancer survivors
[17]. Guidance might also help improve adherence, as the
median number of log-ins (median 3) was lower than the
recommended (almost) daily use of the intervention over the
course of 4 weeks. The period between the first and last log-in
came close to use as intended, with a median of 24 days.

Strengths and Limitations
The findings of this study should be interpreted in light of their
strengths and limitations. A strength of this study is that the
evaluation was conducted in a real-world setting: recruitment
was done through both offline and web-based channels, which

will also be used for the intervention’s future implementation.
The difference in the number of people who completed the
screening questionnaire and those who were eligible might seem
to show a large selection, but this could be due to our web-based
recruitment strategies, which attracted many interested people
with no history of cancer on the website as well. This study
recruited cancer survivors from a range of cancer types. Several
sensitivity analyses were used to corroborate these findings.
Missing data were dealt with using multiple imputations. We
attempted to control for possible social desirability of reported
smoking behavior by including MCSDS scores in our models.
Limitations include the fact that participants were not blinded
to their intervention allocation. Most of the participants were
women (82.6%); therefore, these results might not be
generalizable to men. Self-reported smoking status was not
biochemically verified in this study, although self-reports in the
general population generally showed good validity, 2 studies
among cancer survivors found falsification rates of 48% [48]
and 80% [49], whereas a third (substantially smaller study)
among thoracic cancer survivors showed relatively good
agreement between self-reported and biochemically validated
smoking status [50]. Adherence was a limitation in this study
and might have influenced the effects in the MyCourse group.
The effects were limited in size, and our final sample size was
somewhat lower than anticipated. As for any RCT, it remains
possible that a true effect was not found in this study (type 2
error). Both the main outcome measure (SC during a single
week) and the length of follow-up time (a single year) may have
masked the possible long-term impact of sustained cessation
on long-term health care use and productivity losses. Now it
remains for future studies to evaluate whether sustained SC
over several years would have contributed to a reduction in
health care and societal costs in the long run.

Conclusions
There was no evidence that at 6 months, the digital MyCourse
intervention had a differential effect on cessation rates among
cancer survivors compared with a web-based noninteractive
information brochure; both conditions led to approximately a
quarter of the cancer survivors quitting smoking. The number
of cigarettes smoked was reduced by 50% in both groups. At
12 months, assignment to the MyCourse group was associated
with a greater reduction in the number of smoked cigarettes at
higher costs and higher satisfaction scores compared with the
control group. It should be further investigated how to achieve
considerably higher quit rates, but this study provides an
indication that it is possible to achieve somewhat higher cigarette
reduction rates with the help of a digital SC intervention.
Although both interventions were low-cost, the noninteractive
information brochure was more likely to be economically
sustainable.
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Abstract

Background: Health professions education has undergone major changes with the advent and adoption of digital technologies
worldwide.

Objective: This study aims to map the existing evidence and identify gaps and research priorities to enable robust and relevant
research in digital health professions education.

Methods: We searched for systematic reviews on the digital education of practicing and student health care professionals. We
searched MEDLINE, Embase, Cochrane Library, Educational Research Information Center, CINAHL, and gray literature sources
from January 2014 to July 2020. A total of 2 authors independently screened the studies, extracted the data, and synthesized the
findings. We outlined the key characteristics of the included reviews, the quality of the evidence they synthesized, and
recommendations for future research. We mapped the empirical findings and research recommendations against the newly
developed conceptual framework.

Results: We identified 77 eligible systematic reviews. All of them included experimental studies and evaluated the effectiveness
of digital education interventions in different health care disciplines or different digital education modalities. Most reviews
included studies on various digital education modalities (22/77, 29%), virtual reality (19/77, 25%), and online education (10/77,
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13%). Most reviews focused on health professions education in general (36/77, 47%), surgery (13/77, 17%), and nursing (11/77,
14%). The reviews mainly assessed participants’ skills (51/77, 66%) and knowledge (49/77, 64%) and included data from
high-income countries (53/77, 69%). Our novel conceptual framework of digital health professions education comprises 6 key
domains (context, infrastructure, education, learners, research, and quality improvement) and 16 subdomains. Finally, we identified
61 unique questions for future research in these reviews; these mapped to framework domains of education (29/61, 47%
recommendations), context (17/61, 28% recommendations), infrastructure (9/61, 15% recommendations), learners (3/61, 5%
recommendations), and research (3/61, 5% recommendations).

Conclusions: We identified a large number of research questions regarding digital education, which collectively reflect a diverse
and comprehensive research agenda. Our conceptual framework will help educators and researchers plan, develop, and study
digital education. More evidence from low- and middle-income countries is needed.

(J Med Internet Res 2022;24(3):e31977)   doi:10.2196/31977

KEYWORDS

digital education; health professions education; evidence map; systematic review; research questions; conceptual framework;
mobile phone

Introduction

The world is faced with a shortage and an unequal distribution
of health workforces across low-income, middle-income, and
high-income countries [1]. The shortfalls and inequitable
distributions affect the likelihood of reaching the United
Nations’ third Sustainable Development Goal—health and
well-being for all by 2030 [1-5]. To enable an increase in and
a more equitable distribution of competent health workforce,
there is a need for more effective and accessible health
professions education.

The use of digital technology in health professions education
can help in overcoming some of the health workforce–related
challenges by providing more accessible, standardized, relevant,
timely, and affordable medical education and training [6,7].
Until recently, digital education was perceived as primarily
supporting in-person health professions education [8]. The social
distancing measures introduced to control the COVID-19
pandemic have dramatically changed the delivery of health
professions education worldwide. Many medical schools and
health professions education institutions had to pivot to digital
education [9,10]. With this sudden shift, research and evidence
in digital health professions education have become even more
important.

The evidence on digital education has grown substantially in
recent years and has been the subject of many systematic
reviews. Existing reviews seem to mostly focus on the
effectiveness of different digital education modalities [11-16].
However, the adoption of digital education is complex and
includes other research questions, in addition to its effectiveness.
It is important to identify evidence that already exists and
evidence gaps across the full scope of relevant questions to
inform and guide future research and reduce research waste. To
address this need, we seek to (1) create a map of existing
research, (2) develop a conceptual framework outlining key
components of digital education, and (3) highlight specific
research questions across a comprehensive research framework.
We do this by systematically identifying and analyzing previous
systematic reviews on digital health education.

Methods

We used an evidence map methodology to identify and
summarize systematic reviews on digital health professions
education [17]. We also developed a novel conceptual
framework using an established methodological approach [18]
and identified specific research questions in alignment with this
conceptual framework.

Study Identification
To identify relevant systematic reviews on different types of
digital health education for health professionals, we used a
comprehensive search strategy mentioned in Multimedia
Appendix 1, including key terms for participants (eg, health
professionals, health personnel, and students), intervention (eg,
e-learning, patient simulation, and serious games), and article
type (eg, systematic reviews and evidence synthesis). We
searched the following major bibliographic databases for studies
published between January 1, 2014, and July 21, 2020, without
any restrictions on language or study design: MEDLINE (Ovid),
Embase (Ovid), Cochrane Library, Educational Research
Information Center (EBSCO), and CINAHL (EBSCO). We also
manually checked the reference lists of the included systematic
reviews for other potentially relevant systematic reviews on
digital education for health professionals. In addition, we
searched Google, Google Scholar, ResearchGate, and OpenGrey
for any other studies that might be relevant for our topic, using
keywords systematic review, digital education, health
professionals, health professions education, eLearning, and
e-learning, and reviewing either the first 10 pages or 500 results.

Eligibility Criteria
We included systematic reviews focusing on digital education
for health care professionals in preservice (ie, student) and
in-service (ie, postdegree, including postgraduate trainees and
those in independent practice) positions [19]. This includes
disciplines such as medicine, dentistry, nursing and midwifery,
medical diagnostic and treatment technology, physiotherapy
and rehabilitation, and pharmacy. Practitioners of traditional,
alternative, and complementary medicine were excluded. Digital
health professions education refers to health professions
education that is conducted using digital technology [20] and

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31977 | p.861https://www.jmir.org/2022/3/e31977
(page number not for citation purposes)

Tudor Car et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/31977
http://www.w3.org/Style/XSL
http://www.renderx.com/


includes modalities ranging from the basic conversion of content
into a digital format (eg, a book converted into a PDF or HTML
format) to more complex applications such as mobile education,
digital games, virtual patients, and virtual reality (VR).
Systematic reviews were included if they focused on ≥1
modality of digital education (as defined in Textbox 1) delivered
in a stand-alone or blended format [20]. We defined blended
education as education that incorporates aspects of traditional

and digital education. Traditional education was defined as
education that encompasses the use of nondigital educational
materials (eg, textbooks or models) or in-person human
interactions. We included systematic reviews of all the types
of studies. We excluded older reviews because of the rapid
evolution of the field, with the assumption that most of the
active research questions from the reviews published >5 years
ago would be collated in more recent reviews.

Textbox 1. Digital education technologies and modalities and working definitions and descriptions.

Offline digital education

• Education delivery requires no internet or local area network connection and can be delivered through external media, including CD-ROM,
external hard disk, and USB stick [21].

Online digital education

• Computer-assisted instruction using the internet or a local intranet as the means of delivery, also referred to as online, internet-based, or networked
[22,23], includes multiple media formats (eg, text, videos, and images and online discussion (eg, via email, chat, or videoconferencing) and is
designed to be primarily delivered on PCs.

Massive open online course

• A (free) online course available over the internet to a large number of geographically dispersed participants [24]

Mobile education (m-Learning)

• Flexible and accessible learning delivered via personal mobile devices, such as smartphones and tablets [25]

Serious gaming and gamification

• Knowledge and training activities are set within a competitive activity. Games are intended to promote the development of knowledge, cognitive
skills, or psychomotor skills in a virtual environment [26].

Virtual reality

• Interactive exploration of a digital (3D) multimedia environment can reflect a real-world environment (eg, clinic) or an artificial or surreal context
(eg, positioning the learner within the human body) [16,27].

Virtual patient

• A computer program that simulates real-life clinical scenarios where students take on the role of a health professional and obtain a patient’s
history, conduct a physical examination, and make diagnostic and therapeutic decisions [28]

High-fidelity manikins

• Realistic, computerized mannequins that mimic elements of human physiology (eg, breathing and heart rhythm) and are used to simulate a real-life
clinical scenario [29].

Blended education

• The use of digital education modalities in combination with traditional education methods

Traditional education

• Education that uses nondigital educational material (eg, textbook or model) or in-person human interaction

Study Selection
The search results from different databases were combined in
a single EndNote library, and duplicate citations were removed.
A total of 2 review authors (SP and BMK) screened all titles
and abstracts for inclusion independently and in duplicate.
Disagreements during the title and abstract screening were
resolved by consensus. Full texts of articles considered eligible
or uncertain based on the title and abstract screening were

retrieved and screened independently and in duplicate by the
same 2 authors.

Data Extraction
From the included systematic reviews, 2 authors (SP and BMK)
used a standardized form to independently extract information
on the review aim; the study design, participants, interventions,
comparators, and outcomes of the original research studies
included; the method used to appraise the quality of the included
studies (eg, risk of bias) or overall evidence (eg, the Grading
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of Recommendations Assessment, Development and Evaluation
assessment); and recommendations for future research. We
classified the outcomes according to the definitions presented
in Multimedia Appendix 2. We also extracted information on
all additional outcomes reported in the included reviews that
did not correspond to our predefined outcome-related
definitions. We classified the systematic review in terms of the
single digital modality they most focused on, according to our
framework (Textbox 1). In most instances, it was clear that a
given review focused predominantly on 1 modality. Less often,
a review encompassed multiple modalities equally, in which
case we classified it as digital education; that is, the use of digital
technology in health professions education in general. Finally,
we identified recommendations for future research by extracting
exact quotes from each review that articulated such
recommendations. At every stage, disagreements between the
review authors were resolved through discussion and input from
the third author (LTC).

Analysis
Authors SP and BMK rephrased the quoted research
recommendations into research questions and then refined these
by applying consistent terminology, removing duplicates, and
merging or subdividing themes. Questions that focused on
specific digital modalities (eg, online modules) were rewritten
to make them relevant to the broader research agenda for digital
health education. The final list of research questions was refined
by LTC.

We developed a conceptual framework outlining various digital
health professions’ education components according to the
methodology described by Jabareen [18]. We consulted and
built on our previous conceptual work in this area and existing
frameworks for the implementation or adoption of digital
education generally [30-39]. We identified these frameworks
through a focused literature search on PubMed, Google, and
Google Scholar. On the basis of the discussions and consensus
among the review authors, key domains and subdomains were
finalized. The framework and its components were represented
diagrammatically. Recommendations for future research were
classified according to the proposed framework in parallel by
2 authors (SP and BMK). Discrepancies were resolved through
consensus and with the guidance of the third author (LTC). On
the basis of the analysis of the included reviews and the observed
gaps in the literature, we outline a research agenda for digital
health professions education and present it in the Results section.

Results

Search Results
Of 7294 systematic reviews from our initial search, we identified
73 (1%) eligible systematic reviews (Figure 1). Another 4
systematic reviews were identified through Google, Google
Scholar, ResearchGate, and OpenGrey. In total, 77 systematic
reviews were included for data extraction.

Figure 1. Study flow diagram. ERIC: Educational Research Information Center.
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The number of published systematic reviews increased over
time, from 6% (5/77) published in 2014 to 56% (43/77)
published in 2019. The systematic reviews focused on digital
education for health professions students (17/77, 22% studies),
postgraduate or independently practicing (18/77, 23% studies)
health professionals, or both (42/77, 55% studies). Most of the
systematic reviews were on digital education in surgery (13/77,
17% studies) or health professions education in general (ie,
those not focusing on a particular type of practitioner, health
care area, or topic; 36/77, 47% studies), followed by nursing
(11/77, 14% studies; Table 1; Multimedia Appendix 3
[11-16,32,34,40-109]).

A breakdown of the digital modalities being investigated in the
included systematic reviews is shown in Figure 2. Most
systematic reviews focused on digital education in general
(22/77, 29%), VR (19/77, 15%), and online education (10/77,
13%). Of the 19 reviews on VR, 17 (89%) were on VR
complemented with physical objects or devices such as probes
or handles and focused on psychomotor, procedural, or technical
skill development. There were fewer reviews published on
m-Learning (6/77, 8%), digital game-based learning (3/77, 4%),
and virtual patients (2/77, 3%).

The most common outcomes in the included reviews were health
professionals’ knowledge (49/77, 64%), skills (51/77, 66%),
attitudes about the clinical topic (13/77, 17%), and satisfaction
with digital education (18/77, 23%). Most systematic reviews

compared the effectiveness of digital education to traditional
education (ie, nondigital; 59/77, 77%) or other forms of digital
education (35/77, 45%; Table 1). Most reviews reported only
immediate, short-term outcomes; 22% (17/77) of reviews
reported the impact of digital education on long-term delayed
outcomes; that is, outcomes assessed with delay after the
intervention [34,40-55]. Most reviews appraised methods using
the Risk of Bias tool [110] only (24/77, 31%), followed by
Grading of Recommendations, Assessment, Development, and
Evaluation [111] (which also includes the risk of bias
assessment; 22/77, 29%) and Medical Education Research Study
Quality Instrument [112] (10/77, 13%). Of the 77 studies, 9
(12%) reviews did not report on the quality appraisal of the
included evidence, whereas the remaining 14 (18%) reviews
used different instruments to determine the evidence quality
(Table 1; Multimedia Appendix 3 [11-16,32,34,40-107,109]).
The included reviews mostly reported original research to be
low or very low quality of evidence or reported unclear or high
risk of bias in most studies (Multimedia Appendix 3
[11-16,32,34,40-107,109]). Most systematic reviews reported
data from high-income countries (14/77, 18% systematic
reviews) or both middle- and high-income countries (42/77,
55% systematic reviews). Only 4% (3/77) of the systematic
reviews included studies from low-income countries [11,56,57].
Approximately 29% (22/77) of the included reviews did not
report the setting of the included studies.
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Table 1. Characteristics of the included systematic reviews (N=77).

Studies, n (%)Characteristics of the systematic reviews and the evidence they include

Type of participants

5 (6)Medical students

9 (12)Medical students and physicians

17 (22)Physicians

3 (4)Dentistry students

2 (3)Dentistry students and dentists

8 (10)Nursing students

3 (4)Nursing students and nurses

2 (3)Mixed students

19 (25)Mixed students and HCPsa

9 (12)Mixed HCPs

Level of education

10 (13)Postdegree: practicing HCPs

5 (6)Postdegree: traineesb

3 (4)Postdegree: mix of traineesb and practicing HCPs

17 (22)Student

42 (55)Mixed student and postdegree

Clinical topics

23 (30)General health professions education

14 (18)Surgery

8 (10)Nursing

3 (4)Life support or trauma management (resuscitation skills)

7 (9)Radiology

3 (4)Endoscopy

19 (25)Other

Setting

26 (34)High-income countries only

45 (58)High-income and middle-income countries

4 (5)High-, middle-, and low-income countries

1 (1)Middle- and low-income countries

1 (1)Information not available

Modality

22 (29)Digital education

19 (25)Virtual reality

10 (13)Online

6 (8)Offline

6 (8)Mobile learning

5 (6)High-fidelity manikins

4 (5)Online and offline

3 (4)Digital serious games

2 (3)Virtual patient
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Studies, n (%)Characteristics of the systematic reviews and the evidence they include

Comparison

25 (32)No intervention

56 (73)Traditional education

35 (45)Digital intervention

6 (8)Other

Quality appraisal

24 (31)Risk of bias

22 (29)Grading of Recommendations, Assessment, Development, and Evaluations

10 (13)Medical Education Research Study Quality Instrument

2 (3)Best Evidence in Medical Education reviews

2 (3)The Jadad scale

2 (3)Joanna Briggs Institute Meta-Analysis of Statistics Assessment and Review Instrument

1 (1)Methodological index for non-randomized studies

1 (1)Newcastle–Ottawa Scale

5 (6)Other

8 (10)Not reported

Outcomes

49 (64)Knowledge

51 (66)Skills

18 (23)Satisfaction

20 (26)Patient outcomes

19 (25)Performancec

13 (17)Attitude

8 (10)Behavioral

Number of included studies in the review

24 (31)<10

27 (35)10-19

10 (13)20-29

8 (10)30-39

8 (10)≥40

Study designs included in the review

68 (88)Randomized controlled trials

8 (10)Other experimental studiesd

5 (6)Cross-sectional studies

3 (4)Qualitative studies

12 (16)Pre-post studies

8 (10)Cohort studies

34 (44)Other or mixede

The conceptual framework domain or subdomain the reviews focus on

77 (100)Education—design

77 (100)Education—content

9 (12)Education—evaluation

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31977 | p.866https://www.jmir.org/2022/3/e31977
(page number not for citation purposes)

Tudor Car et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Studies, n (%)Characteristics of the systematic reviews and the evidence they include

5 (6)Education—pedagogy

3 (4)Education—engagement

1 (1)Context—settings

aHCP: health care professional.
bIncludes residents, novices, trainees, and fellows.
cDefined in the included systematic reviews as a combination of skills and behavioral changes as a result of the intervention.
dIncludes quasi-randomized controlled trials, nonrandomized controlled trials, before-and-after studies, and interrupted time series designs.
eIncludes study designs not described above or a combination of different study designs.

Figure 2. The number of systematic reviews on different digital modalities according to the year of publication. m-Learning: mobile learning.

Conceptual Framework of Digital Health Professions
Education
To outline different aspects of digital health professions
education and identify gaps in the literature, we developed a
novel conceptual framework (Figure 3) grounded in key findings
of these systematic reviews together with 7 existing frameworks
for digital education general [35-39,113-117] and a framework
we developed previously for health professions education [33].

Broadly, the fundamental domains include an enabling and
supportive context, sound infrastructure, and the optimal use
of education tools and processes. The context is a combination
of institutional norms, sociocultural norms, and settings in which
the learner resides, as well as the level of education the learner
is at. Subdomains of the context have a direct impact on the

infrastructure components required and available for the delivery
of digital education—digital and physical spaces, policies and
regulatory standards, and human resources. Both context and
infrastructure components are important in consideration of
health professions education. Learners, individually and as part
of a larger group, are at the core of digital health education, and
their needs, preferences, prior expertise, and competencies
should shape how education is delivered. The interaction among
components within and across each layer is dynamic, with
different parts being interconnected, as reflected using dotted
lines to separate context, infrastructure, education, and learners.
Studying and identifying optimal relationships between the
components are handled by the research and quality assurance
blocks, which are connected to the rest of the framework. Table
2 provides the detailed operational definitions for each domain
of the framework.
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Figure 3. Conceptual framework of digital health education for healthcare professionals. CME: continuing medical education; CPD: continuing
professional development; IT: information technology.

Table 2. Definitions of digital health professions education conceptual framework components.

DefinitionDomain and subdomain

Context

The acceptability and adoption of digital education as a form and norm of education within the societySociocultural norms

The acceptability, impact, considerations, and processes concerning the adoption of digital education at the institutional
level

Institutional norms

The setting in which digital health education is conducted or implemented, including clinical or classroom environments;
low-, middle-, and high-income countries; and rural or urban environments

Settings

The impact and integration of digital education with other forms of education (eg, inter- and intraprofessional training
opportunities) and clinical work in which participants are engaged

Level of education

Infrastructure

The physical learning space within which the in-person component of blended digital health education is taking placePhysical

The information and communication technology devices (both hardware and software) to support and create learning en-
vironments (virtual environments, digital networks, technological modifications) or media for digital health education, as
well as the speed and capacity of internet access

Digital

Policies and regulatory standards for health professionals’ licensing and accreditation, as well as those relating to the design
and delivery of digital health professions education

Regulatory

The human resources required for digital health education to be maintained and sustained, including educators, adminis-
trators, and information technology staff

Human resources

Education

The choice and configuration of digital education modality (eg, online learning and m-Learning) and its potential blending
with in-person education

Modality

The method and practice of digital health professions education encompassing teaching strategies, learning principles,
learning outcomes, and the assessment approach

Instructional design

Health professions education area, discipline, theme, or topic delivered via digital educationContent

The level of communication, interactivity, or immersion of participants taking part in digital health professions educationEngagement

Measurement of digital health professions education conducted at the individual and institutional level to determine its
impact on educational and clinical outcomes

Assessment

Health professionals with distinctive needs, competencies, digital literacy, knowledge, skills, and attitudes toward working
and learning, both individually or as a group

Learners

Systematic study of digital health professions education to create and disseminate new knowledge and allow for more ef-
fective and efficient adoption, implementation, and transfer of interventions to various contexts—this encompasses exper-
imental, observational, descriptive, and qualitative research

Research

A context-specific and systematic evaluation of practices and procedures to understand the current state and improve the
performance of digital health education in a particular setting

Quality assurance
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Research Questions From the Included Systematic
Reviews
We identified 318 discrete research questions posed in these 77
articles, from which we distilled a final list of 61 (19.2%)
distinct questions covering 14 of the 16 subdomains of the above
framework (Table 2; Multimedia Appendix 4
[11-16,32,34,40-95,98-107]). Research questions that spanned
multiple subdomains were assigned by investigator consensus
to the most relevant single subdomain. None of the included
systematic reviews posed questions primarily directed at the
physical infrastructure or quality assurance subdomains. We
identified 26% (16/61) of questions relating to context, classified
into four subdomains: sociocultural norms, institutional norms,
settings, and level of education. Approximately 15% (9/61) of
research questions (3 per subdomain) were identified for the
digital, regulatory, and human resources subdomains within
the infrastructure domain. Most of the research questions, 48%
(29/61) approximately, were categorized in the education
domain, which encompasses modality, instructional design,

content, engagement, and evaluation subdomains.
Approximately 5% (3/61) of research questions each were
categorized in the learners and research domains.

Classifying Research Questions Addressed by Existing
Systematic Reviews
We also classified the included systematic reviews based on
their research questions and using our conceptual framework
(Table 3; Multimedia Appendix 3 [11-16,32,34,40-107,109]).
The research questions addressed by existing systematic reviews
mostly revolved around digital education modality (ie, the
effectiveness of various digital education modalities delivered
as stand-alone or blended interventions) and content (ie, the
effectiveness of digital education within a particular health care
area or discipline). Some reviews assessed interactivity
(engagement), various aspects of instructional design in digital
education, the impact of digital education on institutional
outcomes (context—institutional norms), and the impact of
setting (eg, low-income and middle-income countries) on
learning outcomes.
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Table 3. Research questions identified from the included systematic reviews on health professions digital education.

Systematic reviews’ referencesConceptual framework do-
main (subdomain)

Research questions identified from included systematic reviews

[41,56,58-65]Context (sociocultural
norms)

How do cost and cost-related outcomes influence the adoption of digital technol-
ogy in health professions education?

[56,66]Context (sociocultural
norms)

How can policy makers be organized to adopt digital education as part of health
professions education?

[66]Context (sociocultural
norms)

How do cultural factors within different countries determine the use of digital
education for health professions training?

[14,40,41,43,46,53,56,57,66-77]Context (sociocultural
norms)

How does providing access to digital education improve the learning outcomes
of health professionals?

[12-14,16,47,61,78]Context (institutional norms)What is the long-term cost-effectiveness of digital education compared with tra-
ditional education for health professionals?

[11-14, 16, 32, 34, 40, 42-45, 48,
49, 51-53, 56, 60, 62, 64, 67-70, 75,
79-88]

Context (institutional norms)How does health professions’digital education affect individual and health services
outcomes and organizational practice?

[46]Context (institutional norms)Is health professions’ digital education more time efficient than traditional educa-
tion?

[13,14,16,43,56,57,78,89,90]Context (setting)What is the feasibility of implementing digital technology for health professions
education in different socioeconomic settings?

[32,43,47,50,54,60,78,82,89-91]Context (setting)What are the short- and long-term effects of using digital technology for health
professions education in different socioeconomic settings?

[13,40,91,92]Context (setting)Is digital education for health professionals effective in different socioeconomic
settings?

[85,93]Context (setting)What are the resource requirements to implement digital education in different
socioeconomic settings?

[85]Context (setting)What are the challenges of setting up digital education for health professionals
training in different socioeconomic settings?

[94]Context (level)What is the differential impact of digital education on the clinical performance
of trainee or expert surgeons?

[68]Context (level)How can digital education for health professionals be integrated into normal work
practices?

[42,46,47,54,61,62,78,90]Context (level)How can digital technology be incorporated into current health professions’ edu-
cation and training curriculum to improve learning outcomes?

[11-14, 16, 32, 34, 40, 42-45, 48,
49, 51-53, 56, 60, 62, 64, 67-70, 75,
79-88]

Context (level)Is digital education effective in improving health professionals’ knowledge and
skills performance in the clinical setting?

[13,95]Infrastructure (digital)Which features of digital education (eg, technical features, fidelity, safety, and
adaptability) affect the learning outcomes of health professions education?

[85]Infrastructure (digital)What are the minimum requirements for the digital technology used to achieve
the effectiveness of digital health professions education?

[61]Infrastructure (digital)What are the technical resources needed to deliver digital education to health care
professionals?

[47]Infrastructure (regulatory)How should educators delivering digital health education be assessed and accred-
ited?

[14]Infrastructure (regulatory)What are the best practices for the development, evaluation, and use of digital
health education in health professions education?

[78]Infrastructure (regulatory)Is the use of accreditation-related milestones in digital health education effective?

[47]Infrastructure (human re-
sources)

What digital skills should instructors facilitating digital health education be
competent in?

[96]Infrastructure (human re-
sources)

How does the digital competence of teachers affect health professions learning
outcomes from digital health education?

[61]Infrastructure (human re-
sources)

What are the workforce resources needed for health professions’digital education?
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Systematic reviews’ referencesConceptual framework do-
main (subdomain)

Research questions identified from included systematic reviews

[47,57,83,87,94]Education (modality)What type of instructional design is used in the effective digital education of
health professions education?

[45,52,58,67,97]Education (modality)Which components of digital health education (eg, interactivity and feedback)
contribute to enhanced learning outcomes?

[98]Education (modality)What is the optimal use of video-assisted debriefing for health professionals’
simulation-based training?

[34,42,53,64,74,78,93]Education (modality)How does the design of digital education interventions (eg, format and modality
used) in health professions education and training curriculum affect learning
outcomes?

[44,69]Education (modality)Can digital simulation-based training be used to train nontechnical skills in health
professionals?

[42,71,98]Education (modality)What is the effectiveness of digital education (mixed or single modality) compared
with nondigital education to deliver health professions education?

[54,69,99,100]Education (modality)Can digital education complement (ie, blended) or substitute traditional education
for health professionals?

[46]Education (modality)Does digital simulation-based psychomotor skills training provide any benefit to
the medical trainee?

[66]Education (content)What are the barriers to obtaining digital education materials for health professions
education training, and how can they be overcome?

[47]Education (content)What content should be included in debriefing (eg, digital data) following simu-
lation-based education to achieve improved clinical outcomes?

[84,89]Education (content)Can digital education be used to overcome challenges in delivering content-spe-
cific topics for health professions education (eg, surgical training in rare pathologic
states)?

[101]Education (instructional de-
sign)

Can digital education be designed to achieve learning outcomes denoted in the
Kirkpatrick model?

[13,14,55,59,63,82,93]Education (instructional de-
sign)

What learning theories can be used to inform the development of effective digital
health professions education?

[41,47,48,53,58-60,78,102]Education (instructional de-
sign)

Is mastery learning via digital education more or as effective as traditional educa-
tion in terms of clinical psychomotor skills improvement?

[41,47,48,53,58-60,78,102]Education (instructional de-
sign)

Is spacing digital simulation–based training more or as effective as traditional
education in clinical psychomotor skills development?

[41,47,48,53,58-60,78,102]Education (instructional de-
sign)

How does the frequency and duration of digital simulation–based psychomotor
skills training affect health professionals’ skills transfer to the clinical setting?

[43,54,62,72,83,94,103]Education (instructional de-
sign)

What are the optimal duration, frequency, and intensity of digital health professions
education programs to affect the learning and clinical outcomes of health profes-
sionals?

[11,14,42,95,104]Education (instructional de-
sign)

What pedagogy should be used in the digital education of health professionals to
improve their knowledge and skills?

[71,87]Education (instructional de-
sign)

What is the effectiveness of using digital education to train and assess nontechnical
skills in health care professionals?

[34]Education (instructional de-
sign)

What is the effectiveness of digital problem–based learning in health professions
education?

[53,62,80,91]Education (engagement)How does the interactivity of digital education programs affect the learning and
clinical outcomes of health professionals?

[64]Education (engagement)What is the minimal level of haptic feedback required in digital simulation-based
training programs to improve health professionals’ psychomotor skills?

[77]Education (engagement)What are learners’ acceptability of digital education with different levels of inter-
activity?

[12, 14, 44, 45, 51-53, 60, 62, 64,
67-71, 73-75, 77, 78, 83, 87, 90, 92,
93, 95, 102, 103, 105]

Education (assessment)Which performance metrics or measurement instrument should be used to assess
health professionals’ knowledge, skills, attitudes, satisfaction, and clinical out-
comes from digital technology–based training programs?
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Systematic reviews’ referencesConceptual framework do-
main (subdomain)

Research questions identified from included systematic reviews

[12, 14, 44, 45, 51-53, 60, 62, 64,
67-71, 73-75, 77, 78, 83, 87, 90, 92,
93, 95, 102, 103, 105]

Education (assessment)What is the ideal approach to assessing health professionals’ knowledge, skills,
attitudes, satisfaction, and clinical outcomes from digital technology–based edu-
cation and training programs?

[12, 14, 44, 45, 51-53, 60, 62, 64,
67-71, 73-75, 77, 78, 83, 87, 90, 92,
93, 95, 102, 103, 105]

Education (assessment)Should the evaluation of digital health education include behavior and clinical
outcomes?

[71,106]Education (assessment)What is the impact of digital simulation–based training on clinical outcomes in
the short and long term?

[92]Education (assessment)How should learning outcomes in the field of digital health professions education
be defined and standardized?

[68]Education (assessment)How does the use of digital education affect health professionals’clinical decision-
making at the point of care?

[107]LearnerHow do health professionals’ prior learning experiences influence the topics that
will benefit from the use of digital education?

[16,65,85,91]LearnerWhat are health professionals’ attitudes toward digital delivery of education and
training programs?

[44]LearnerWhat are health care professionals’ learning needs, and can they be met by the
use of digital simulation training?

[12, 16, 48, 53, 58, 59, 63, 65, 66,
70, 71, 74, 82, 83, 92, 95, 97]

ResearchWhat are the methodological requirements for studies assessing digital health
education?

[12, 16, 48, 53, 58, 59, 63, 65, 66,
70, 71, 74, 82, 83, 92, 95, 97]

ResearchHow should studies on digital health professions education be reported?

[12, 16, 48, 53, 58, 59, 63, 65, 66,
70, 71, 74, 82, 83, 92, 95, 97]

ResearchHow should studies of digital health professions education be designed to ensure
the generalizability of their findings across different settings?

[68]Context, education, infras-
tructure, and learner

What are the barriers and facilitators that affect the continued adoption of digital
tools in health professions education?

Discussion

Principal Findings
We present an evidence map of 77 systematic reviews on digital
education for health professionals published between 2014 and
July 2020. The reviews mostly focused on the effectiveness of
various digital education modalities in surgery, health
professions education in general, and nursing. Most reviews
have focused on online and offline learning. Only a few reviews
focused on other digital education modalities such as
m-Learning, VR, digital game–based learning, and virtual
patients. We developed a novel conceptual framework outlining
key components of digital health professions education, namely
context, infrastructure, education, learner, research, and quality
assurance. Within these reviews, we identified 61 unique
recommendations (questions) for future research, focusing
primarily on digital education modality, instructional design,
and assessment.

Limitations and Strengths
Our study has some limitations. First, to cover the most recent
evidence in the field of digital education for health care
professionals, we excluded studies before 2014; earlier reviews
might have identified important research questions that remain
unanswered. Our focus on systematic reviews also excluded
other article types, such as editorials or viewpoints, which might
have identified additional research questions. Second, although

extraction and classification of research questions were done
in duplicate and using a standardized approach, other
classifications could be justified in some instances, which
implies a degree of imprecision in the reported frequencies of
specific questions. Moreover, our method did not allow us to
prioritize the numerous research questions; such prioritization
would require input from a representative group of experts and
could be the focus of a future study. Third, there are overlaps
among different concepts specified within this conceptual
framework, which could be delineated and presented differently
depending on potential chosen emphasis or entry points. Fourth,
reviews classified as online education varied substantially in
their inclusion of other modalities (eg, some expressly excluded
modalities such as virtual patients, digital games, or massive
open online courses, whereas others included these and other
modalities). Finally, our novel conceptual framework may
require revision as our understanding of this field matures and
evolves, additional evidence accumulates, and new technologies
emerge.

Our study also has several strengths, such as a thorough
literature search for relevant studies, encompassing several
indexed and gray literature databases without restrictions. We
followed an established evidence map methodology and
performed the steps in duplicate and independently [17]. In the
development of our conceptual framework, we drew from the
existing frameworks, our previous work, and discussions with
experts.
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Integration With Prior Work
We did not find other frameworks presenting a high-level
overview of the use and implementation of digital education
for health professionals. Therefore, we drew from the general
digital education literature and found several relevant
frameworks.(Multimedia Appendix 5). The included
frameworks, while providing an overview of digital education,
often had additional objectives such as exploring the role of
specific stakeholders (eg, the private sector or the ministries),
identifying barriers to adoption, or analyzing a particular digital
education aspect, setting, or configuration [33,35-37,113-117].
Our framework complements other frameworks by pulling
together domains previously presented only in isolation and by
adding novel subdomains such as the impact of training levels,
the role of regulations and accreditations, and the importance
of physical infrastructure (Multimedia Appendix 4
[11-16,32,34,40-95,98-107]).

Several viewpoint articles have offered research agendas for
digital health professions education [28,118-120]. They focus
primarily on the design of interventions and research studies in
this field, which correspond to the domains of education
(modality, instruction design, assessment, and engagement),
research (quality of methods and reporting), and context (setting
and level of education) in our framework. The agendas espoused
in these viewpoints include questions that probe more narrowly
and deeply on specific issues relevant to the design and focus
of future studies (eg, the choice of comparison intervention and
avoidance of confounding, integration of digital education across
different institutions, and the need for interdisciplinary
collaboration). Our framework was intentionally broad and
comprehensive and enabled us to accommodate a variety of
additional questions on previously neglected topics.

Implications for Research and Practice
Most reviews in our evidence map focused on the effectiveness
of digital education interventions and rarely addressed issues
around their implementation and adoption. These reviews also
mostly compared the effectiveness of digital interventions with
that of nondigital education. Findings from studies comparing
digital and nondigital education have limited generalizability
as these studies cannot account for variance within and between
these 2 educational formats [118]. Future research should

compare different digital education modalities as such studies
are more likely to generate meaningful, generalizable findings.
It should also aim to explore potential challenges related to the
implementation and adoption of digital education interventions
in different settings.

There is also a need for more methodologically robust research
and clearer terminology in this field. The quality of the evidence,
as reported in the included reviews, was relatively low, with a
limited number of studies measuring skills and knowledge
retention. Furthermore, it was at times difficult to determine
which modality (or modalities) the included reviews focused
on because of poorly explained inclusion criteria. Such
ambiguity was particularly common in reviews on e-learning
and blended, online, and internet-based education.

We also express concerns about the paucity of studies from low-
and middle-income countries. Such countries could greatly
benefit from digital education, especially by using free or
low-cost education (eg, massive open online courses). Although
some research findings have a universal application (eg,
fundamental principles of effective learning), others (such as
implementation, infrastructure, and learners) are more context
specific. Given the presence of unique needs of low- and
middle-income countries (eg, distinct content priorities, learner
demographics, and infrastructure), we urge more research in
these contexts.

Our conceptual framework will benefit researchers, funding
agencies, and educators, among others. The specific questions
identified and classified according to this framework provide a
map for future research and can help prioritize original research
studies and guide the planning of new or updated systematic
reviews. We encourage investigators to broadly consider the
questions we identified in this evidence map, especially those
specific to areas previously less studied, such as infrastructure,
learners, or quality assurance in digital education. Our
framework can also be used by funding agencies to better
understand the limitations of the existing research and identify
areas with limited evidence with the aim of informing their
funding calls in this field. Finally, this framework can encourage
those developing new courses to anticipate and plan for issues
that are important but might be inadvertently overlooked, such
as the digital education context, infrastructure, and learners.
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Abstract

Background: Information in pathology reports is critical for cancer care. Natural language processing (NLP) systems used to
extract information from pathology reports are often narrow in scope or require extensive tuning. Consequently, there is growing
interest in automated deep learning approaches. A powerful new NLP algorithm, bidirectional encoder representations from
transformers (BERT), was published in late 2018. BERT set new performance standards on tasks as diverse as question answering,
named entity recognition, speech recognition, and more.

Objective: The aim of this study is to develop a BERT-based system to automatically extract detailed tumor site and histology
information from free-text oncological pathology reports.

Methods: We pursued three specific aims: extract accurate tumor site and histology descriptions from free-text pathology
reports, accommodate the diverse terminology used to indicate the same pathology, and provide accurate standardized tumor site
and histology codes for use by downstream applications. We first trained a base language model to comprehend the technical
language in pathology reports. This involved unsupervised learning on a training corpus of 275,605 electronic pathology reports
from 164,531 unique patients that included 121 million words. Next, we trained a question-and-answer (Q&A) model that connects
a Q&A layer to the base pathology language model to answer pathology questions. Our Q&A system was designed to search for
the answers to two predefined questions in each pathology report: What organ contains the tumor? and What is the kind of tumor
or carcinoma? This involved supervised training on 8197 pathology reports, each with ground truth answers to these 2 questions
determined by certified tumor registrars. The data set included 214 tumor sites and 193 histologies. The tumor site and histology
phrases extracted by the Q&A model were used to predict International Classification of Diseases for Oncology, Third Edition
(ICD-O-3), site and histology codes. This involved fine-tuning two additional BERT models: one to predict site codes and another
to predict histology codes. Our final system includes a network of 3 BERT-based models. We call this CancerBERT network
(caBERTnet). We evaluated caBERTnet using a sequestered test data set of 2050 pathology reports with ground truth answers
determined by certified tumor registrars.

Results: caBERTnet’s accuracies for predicting group-level site and histology codes were 93.53% (1895/2026) and 97.6%
(1993/2042), respectively. The top 5 accuracies for predicting fine-grained ICD-O-3 site and histology codes with 5 or more
samples each in the training data set were 92.95% (1794/1930) and 96.01% (1853/1930), respectively.
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Conclusions: We have developed an NLP system that outperforms existing algorithms at predicting ICD-O-3 codes across an
extensive range of tumor sites and histologies. Our new system could help reduce treatment delays, increase enrollment in clinical
trials of new therapies, and improve patient outcomes.

(J Med Internet Res 2022;24(3):e27210)   doi:10.2196/27210

KEYWORDS

natural language processing; NLP; BERT; transformer; pathology; ICD-O-3; deep learning; cancer

Introduction

Background
Much of the information in electronic medical records (EMRs)
required for the practice of clinical oncology and cancer research
is contained in unstructured text. As much as 80% of EMR data
can be found in narrative text notes and scanned documents [1],
ranging from clinic or surgical notes, including pathology,
radiology, and ambulatory care, to past medical or family
history. The extraction of discrete data elements from this
unstructured text, particularly those relating to disease diagnosis
and commonly captured in routine pathology reports, is critical
for the selection of treatment options, identification of patients
eligible for clinical trials, and monitoring of adherence to
established clinical treatment pathways.

Natural language processing (NLP) has been used to extract
information from medical text for several decades [2-6], and a
thorough review of NLP-based information extraction for
cancer-related EMR notes can be found in the study by Datta
et al [7]. Application of NLP to pathology reports has also been
prevalent in the literature during the course of the last decade
[8-19]. That said, many early studies used regular expression–
and rule-based systems [20,21] that require considerable up-front
development and can be difficult to adapt and maintain.

More recently, there has been growing interest in more highly
automated deep learning approaches for clinical NLP [6,22]. In
late 2018, a powerful new deep learning NLP algorithm was
released: bidirectional encoder representations from transformers
(BERT) [23]. BERT established new, state-of-the-art
performance levels on common nonclinical NLP benchmarks
[24]. This success spawned rapid research and development of
multiple BERT-inspired and transformer-based neural
architectures [25-33]. Several of these have, for the first time,
achieved or surpassed human-level performance on tasks as
diverse as question answering, named entity recognition, speech
recognition, and more [30,33-35]. BERT and related
architectures have facilitated significant improvements in
multiple medical applications, including processing of electronic
health records [36,37], outcome prediction [38-40], identification
of medical terms and concepts [41], medical chatbots [42],
sentiment analysis [43], recommender systems [44], and others.
Despite BERT’s success, we are aware of only a single
application of BERT to the already promising area of free-text
pathology reports [45]. The study focused on classification of
text into only a few cancer-related categories, including afflicted
organ (15 organ groups), disease type (noncancer, premalignant,
or cancer), cancer reason (6 histology groups), and presence of
metastatic disease (no, yes: in lymph nodes and yes: in
non–lymph node tissue). Our goal is to develop and evaluate a

BERT-based system to extract detailed tumor site and histology
information from free-text pathology reports. The availability
of manually curated data within the H Lee Moffitt Cancer Center
and Research Institute (Moffitt) Cancer Registry (MCR)
represented a unique opportunity to train a BERT-based system
using a gold standard data set classified using a standard
ontology.

BERT’s proficiency at question answering prompted us to
construct a question-and-answer (Q&A) system to extract
clinical data from pathology reports. This concept has long been
compelling—Q&A systems for medical data extraction have
been pursued for >40 years [46]. Such a system would have
several desirable properties: an intuitive user interface, the
ability to extract additional data fields by searching for answers
to additional questions, and the ability to generalize to other
medical documents. Furthermore, it would allow us to make
data available for clinical and research use close to real time,
thus reducing treatment delays, increasing enrollment in clinical
trials of new therapies, and improving patient outcomes. To
train such a general-purpose Q&A system on pathology reports,
one would need a diverse set of questions on which to train it.
Our task in this paper is more modest (and is in essence a
classification task of site and histology); however, we view the
Q&A portion of our system as a small step toward this broader
goal.

Primary Contributions
This work describes three primary contributions:

1. A new BERT language model for comprehension of
pathology reports in oncology. We call this CancerBERT,
or caBERT for short.

2. A new Q&A caBERT-based system, tolerant to varied
terminologies, word orders, and spelling mistakes, to extract
tumor site and histology descriptions from free-text
pathology reports.

3. A new caBERT network (caBERTnet) to predict
International Classification of Diseases for Oncology,
version 3.2 (ICD-O-3.2), codes from the extracted
descriptions. This system can handle up to 332 organ sites
and 1143 tumor histologies. On an unseen test data set with
214 sites and 193 histologies it achieved overall accuracies
that are equal to, or above, those of existing systems, while
also expanding on the number of site and histology classes
captured by these systems. Although the results in practice
still require human validation, they provide a means of early
abstraction from unstructured pathology text over a very
broad set of sites and histologies and in addition can provide
an initial signal to assist expert cancer registrars in their
case diagnosis–abstraction workflow.
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Methods

Information on our software development tools is provided in
Multimedia Appendix 1 [47-53]. To construct our system, we
had to achieve three specific aims: (1) extract accurate tumor
site and histology descriptions from complex free-text pathology
reports, (2) accommodate the diverse terminology used to
indicate the same pathology, and (3) provide accurate
standardized tumor site and histology codes for use by
downstream applications.

Extract Tumor Site and Histology Descriptions

Overview
Constructing this system required us to first train a base
language model to comprehend the technical language in
pathology reports (Textbox 1). This involved unsupervised
training on a large corpus of pathology text. For this we
constructed a pathology language–model training data set,
described in more detail in the next section (Pathology Language
Model).

Textbox 1. A fragment of text from a pathology report generated at H Lee Moffitt Cancer Center and Research Institute (Moffitt).

Fragment of text from a pathology report generated at Moffitt

• clinical history: not given. preoperative diagnosis: right lower lobe, squamous cell carcinoma. specimen types: a: right station 7 fs b: station #
10 c: right lung fs d: station 4r e: additional station 10 f: additional station 7 final diagnosis: a. lymph node right station 7 biopsy: anthracotic
lymph node 1 with lymphoid hyperplasia negative for malignancy. b. lymph node station 10 biopsy: anthracotic lymph node 1 negative for
malignancy. c. lung right pneumonectomy: moderate to poorly differentiated squamous cell carcinoma with extensive necrosis see key pathological
findings. bronchial and vascular resection margins negative for malignancy. three of 10 hilar lymph nodes with metastatic squamous cell carcinoma.
d. lymph nodes station 4r biopsies: anthracotic lymph nodes 5 negative for malignancy. e. lymph node additional station 10 biopsy: minute lymph
node 1 negative for malignancy. f. lymph node station 7 biopsy: anthracotic lymph nodes 4 negative for malignancy. key pathological findings
tumor type: squamous cell carcinoma with extensive necrosis. histological grade: moderate to poorly differentiated. tumor location: right lung
involving right lower lobe. right upper and middle lobes free of tumor.

Next, it required us to train a Q&A model that appends a Q&A
layer onto the pathology language model to answer pathology
questions. Our Q&A system was designed to search for the
answers to two predefined questions in each pathology report:

1. What organ contains the tumor?
2. What is the kind of tumor or carcinoma?

For example, when presented with the report shown in Textbox
1, the system should respond to the question What organ
contains the tumor? with C343: lower lobe, lung, and would
respond to the question What is the kind of tumor or carcinoma?
with 8070/3: squamous cell carcinoma, nos (not otherwise
specified).

This involved supervised training on a set of pathology reports,
each with ground truth answers to these 2 questions determined
by human experts. To do this, we constructed a second
fine-tuning training data set, described in more detail in the

Pathology Q&A Model section. Finally, we evaluated our system
using a sequestered fine-tuning testing data set, described in
more detail in the Pathology Q&A Model section.

Pathology Language Model
Training a base language model to comprehend pathology
reports leveraged prior work by several groups (Figure 1). Lee
et al [54] performed transfer learning on BERT using nearly 18
billion words extracted from PubMed abstracts. The result,
BioBERT, is tuned for biomedical language comprehension
tasks and is publicly available. Next, Alsentzer et al [55]
performed transfer learning on BioBERT to tune it for clinical
language comprehension. They used EMR notes in the Medical
Information Mart for Intensive Care, version 3 (MIMIC-III)
data set [56], which includes data from approximately 60,000
intensive care unit stays by patients at Beth-Israel Hospital in
Boston, Massachusetts. The model created by Alsentzer et al
[55], ClinicalBERT, was also made publicly available.

Figure 1. Sequence of transfer-learning steps used in training the CancerBERT base language model. BERT: bidirectional encoder representations
from transformers; ICU: intensive care unit; MIMIC-III: Medical Information Mart for Intensive Care, version 3.
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Alsentzer et al [55] created two models built upon BioBERT:
one trained on all MIMIC-III notes and one trained on just the
MIMIC-III discharge summaries. Initial pretraining
experimentation revealed that the latter provided higher
accuracies on a separate sample of our pathology reports. We
noted that Moffitt pathology reports have a language structure
closer to discharge summaries than to general clinical notes.
Consequently, our model was initialized with weights from the
latter of the two ClinicalBERT models:
ClinicalBERT–Bio+Discharge Summary BERT Model.

Transfer learning was accomplished by performing
masked-language modeling [23]. Briefly, 15% of the words in
the corpus are selected at random and replaced with a mask
token. The language model is then trained to predict the masked
words. The word-masking process is performed automatically
at the beginning of each training run.

Our language-model training corpus included electronic
pathology reports of solid tumors produced by pathologists at
Moffitt between 1986 and 2020. The year 1986 was the earliest
date on pathology reports cataloged in our enterprise data

warehouse. The data set was restricted to solid tumors for two
reasons: first, to focus the problem domain for this
proof-of-concept study, and, second, Moffitt hematologic
pathology reports follow a quasi-structured format, reducing
the need for extraction of data from unstructured text.

This data set contained both Health Level Seven International
messages and plain-text pathology reports. These were
minimally processed to extract and clean the text relevant to
pathology (more details can be found in Multimedia Appendix
1). The final language model training corpus included 275,605
electronic pathology reports from 164,531 unique patients and
included 121 million words.

Pathology Q&A Model
The pathology Q&A lesson plan involved 3 stages, each
intended to improve our system’s comprehension of pathology
reports and thereby increase the accuracy of question answering
(Figure 2). The three stages involved training the Q&A model
to (1) answer general English language questions, (2) answer
technical biomedical science questions, and (3) answer questions
from Moffitt pathology reports.

Figure 2. Lesson plan for the caBERT network consisting of one question and answering model A and two classification models, one for primary site
(model B) and another for histology (model C). BioASQ: Biomedical Semantic Indexing and Question Answering; Q&A: question and answer; SQuAD:
Stanford Question Answering Dataset.

Each training stage used supervised learning. This required a
training data set that included passages of text, ≥1 questions
related to each passage, and ground truth answers to those
questions that appeared as contiguous phrases within the related
passage. At the end of each stage we evaluated our system using
the same sequestered test data set constructed from Moffitt
pathology reports, as described in more detail later in this
section. The experimental parameters used to train the Q&A
model were held constant over all stages and are listed in
Table S1 in Multimedia Appendix 1.

For the first stage of training we used the Stanford Question
Answering Dataset (SQuAD), version 1.1 [57]. SQuAD consists
of more than 100,000 questions and answers created by
crowdworkers on Wikipedia articles. The SQuAD data format
is widely used in NLP research. Therefore, we designed our
system to read and process data sets in this format.

For the second stage of training we used the large-scale
Biomedical Semantic Indexing and Question Answering
(BioASQ) data set [58]. In particular, we used data from
BioASQ Challenge 7b: Biomedical Semantic Question
Answering. This data set contains 2747 training questions along
with their ground truth answers. According to the BioASQ
Challenge 7b description: “All the questions are constructed by
biomedical experts from around Europe.” This data set was
converted to SQuAD format by Yoon et al [59] and made
available for public use.

Next, we constructed a Q&A fine-tuning data set in SQuAD
format based on Moffitt pathology reports. We obtained ground
truth answers to our 2 questions from data abstracted by Moffitt
certified tumor registrars (CTRs). CTRs undergo an extensive
training and internship program to become proficient at
extracting quantitative and categorical data from unstructured
pathology reports. They are widely employed by cancer centers
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and other organizations to extract data for clinical and research
applications and for reporting to state and national agencies.
The MCR deploys state-of-the art quality assurance procedures:
its benchmark for quality is 90% and its target accuracy is 95%
[60].

Moffitt’s enterprise data warehouse was searched to find solid
tumor pathology reports generated after 2006 with matched
MCR data (Figure 3). These reports were screened to ensure

that they contained a description of a positive diagnosis of a
single primary tumor. Next, each report was processed to ensure
that it contained an answer to at least one of the questions in
the Q&A model. This was accomplished programmatically by
searching each report for a phrase contained in a table of
acceptable answer phrases (Figure S1 in Multimedia Appendix
1), as described in more detail in the next section (Accommodate
Diverse Terminology). Our search produced 16782 reports that
met these inclusion criteria (Figure 3).

Figure 3. Flowchart depicting the data curation process for creating the Moffitt fine-tuning data sets (used in the site and histology question-and-answer
and classification tasks). MCR: Moffitt Cancer Registry; MRN: medical record number.

Next, we curated these reports to ensure that (1) the relative
frequencies of the 10 most common tumor sites and histologies
in this collection matched the relative frequencies in Moffitt’s
patient population as a whole and (2) all MCR-assigned tumor
sites and histologies reported for Moffitt patients after 2006
were represented in the data set. The final curated collection
contained 10,247 reports (Figure 3). We will refer to this data
set as the fine-tuning data set to contrast it with the caBERT
language model data set used to train the base language model
as described in the Pathology Language Model section.

The curated collection of reports was randomly divided to create
two data sets: 79.99% (8197/10,247) of the reports were used
to create the Moffitt fine-tuning training data set and 20.01%
(2050/10,247) were used to create the Moffitt fine-tuning testing
data set. Each data set was saved in SQuAD format using a
custom-written Python program. The training data set was used
for the final stage of Q&A training and also for ICD-O-3 code
predictions, described in more detail in the Accurate ICD-O-3
Codes section. The testing subset was used to evaluate the
impact of Q&A training at the end of each training stage (Figure
S2 in Multimedia Appendix 1) and also to evaluate the
performance of the final pipeline (Figure 4).

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27210 | p.885https://www.jmir.org/2022/3/e27210
(page number not for citation purposes)

Mitchell et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 4. The final caBERT network (caBERTnet) connects caBERT instances A, B, and C, used for site and histology question and answering,
International Classification of Diseases for Oncology, Third Edition (ICD-O-3) primary site and ICD-O-3 histology code classification, respectively.

Question-answering accuracy was evaluated using two metrics:
exact match and F1 score. Exact match is true if the
caBERT-extracted phrase is an identical word-for-word match
with the MCR phrase and false otherwise. We calculated the
average number of true results across all test samples. The F1
score is a measure of the degree of overlap among the words in
the caBERT-extracted phrase and the MCR phrase. This varies
from 0 (no words in common) to 1 (all words in common but
not necessarily in the same order). Each exact match
corresponded to an F1 score of 1.0. We calculated the average
F1 score across all test samples and expressed it as a percentage.

After all training stages were complete, they were repeated using
the initial ClinicalBERT model (ClinicalBERT–Bio+Discharge
Summary BERT) with a new randomly initialized Q&A layer.
This allowed us to determine the impact of developing a
pathology-tuned BERT model on extraction accuracy over the
baseline accuracy of using ClinicalBERT alone (Figure S2 in
Multimedia Appendix 1). The training parameters were set to
those optimized for ClinicalBERT and reported by Alsentzer
et al [55].

Accommodate Diverse Terminology
Our pathology reports came supplied with ground truth labels
for primary site and histology in the form of ICD-O-3 codes
[61], which were abstracted by Moffitt CTRs. To train the Q&A
model we needed a method to determine the precise location
within each pathology report of the actual text corresponding
to these labels. This proved nontrivial owing to the rather diverse
terminology within each pathology report used to refer to each
primary site and histology.

To address this issue, we used data from several canonical
sources. Our primary source was the ICD-O-3 standards [62],
which we used to define the primary preferred terminology for
each code. Within the ICD-O-3 standards there are 332 unique
site codes and 1143 unique histology codes, each with
accompanying preferred terms. Along with the preferred term,
many codes also have an additional set of synonyms, which we
stored together with the preferred term in a table of acceptable
phrases for each code. In addition to the ICD-O-3 tables, we
also used terminology from the National Cancer Institute’s

Surveillance, Epidemiology, and End Results (SEER) program
Site/Histology Validation List [62], along with the SEER
Site-specific training module website [63].

To provide a little more detail, the specific sources we used to
construct our acceptable phrase tables were as follows. For
histology, we used the ICD-O-3.2 morphology table (version
15112019) [64] and supplemented this with terms from the
SEER Site/Histology Validation List (version 20150918),
current versions of which are both available in Microsoft Excel
format from their respective websites. For the site terms, we
used the ICD-O-3 mapping table maintained by the National
Cancer Institute [65], supplemented again by the SEER
Site/Histology Validation List. In addition, for the site terms
we also scraped the tables contained in the SEER Site-specific
learning module website for any new terms.

The aforementioned sources have the benefit of being subject
to an international standard and are useful in designating
preferred terms for each histology and site code. However, we
should note that there do exist slight discrepancies between the
World Health Organization–maintained ICD-O-3 coding
standards and the North American Association of Central Cancer
Registries coding guidelines, which are followed in the SEER
materials. For simplicity, we chose to base our model on the
ICD-O-3 standards, but this caveat may prove relevant for any
future cancer registry applications of the model.

Although these sources provided us with preferred and
alternative terminologies, they did not encompass the full range
of language used for every label in our pathology reports, which
often included things such as permutations of word orderings
as well as acronyms and other typographical differences with
the canonical terms. Of note, Moffitt CTRs routinely record a
short description of the histology and site for every labeled
pathology report in a text-based field. For each histology and
site code, we appended these additional phrases to the list of
synonyms of the preferred canonical terminology.

Using the sources described earlier, we created two hierarchical
tree structures as illustrated in Table S2 in Multimedia Appendix
1: one to hold histology terms and one to hold site terms. To
construct these trees, the histology and site codes were first
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grouped into broad morphology and site groups as specified in
the ICD-O-3 tables. Within each group are a collection of
specific codes, where each code has an associated preferred
term, and a list of synonyms. For efficient searching, these trees
were stored as JSON objects that were imported into Python as
nested dictionaries and lists. See Figure S1 in Multimedia
Appendix 1 for an example of an entry in our acceptable phrase
table.

To search each pathology report for appropriate spans of text,
we used the trees to construct a dictionary with keys provided
by the specific site and histology codes and values provided by
the associated acceptable phrase table. Using this dictionary,
for each pathology report we implemented a simple search for
an exact match from the list of preferred terms and synonyms
for the labeled ground truth histology and site code, giving
preference for the preferred term, followed by each synonym
ordered by length (with the longest matching synonym given
preference over the others).

Even with the diverse terminology within the acceptable phrase
table for each code, not every pathology report contained an
exact match within the list of allowed terms. For pathology
reports that did not contain an exact match, we further refined
the search by allowing for matches that only overlapped with
a subset of the word tokens within each phrase, again giving
preference to the longest synonyms and also using a set of stop
terms to avoid overly general terminology. To capture potential
word-ordering differences, we allowed these word token subsets
to be constructed in an arbitrarily permuted order, which was
made efficient by using the itertools module available as part
of the Python Standard Library.

Using the aforementioned procedure, of the 10,247 pathology
reports in the Moffitt fine-tuning training and testing data sets,
we were able to find appropriate textual answers within 10,096
(98.53%) reports for primary site (with n=8070, 79.93%, in the
training set and n=2026, 20.07%, in the testing set) and within
10,218 (99.72%) reports for histology (with n=8176, 80.02%,
in the training set and n=2042, 19.98%, in the testing set).

Provide Accurate ICD-O-3 Codes

Overview
The tumor site and histology phrases extracted by the Q&A
model (Figure 2) were used to predict ICD-O-3 site and
histology codes. This involved fine-tuning two additional copies
of caBERT: one to predict site codes and the second to predict
histology codes. Our final system (Figure 4) includes a network
of 3 caBERT-based models. We refer to this system as
caBERTnet.

Training the ICD-O-3 Site and Histology Code
Classifiers
Classifier training parameters are described in more detail in
Table S1 in Multimedia Appendix 1. Briefly, each caBERT
instance was trained to perform a classification task: given an
input phrase, predict the corresponding ICD-O-3 code.
Classification tasks were trained using the Moffitt fine-tuning
training data set (Extract Tumor Site and Histology Descriptions
section). Training samples were screened to ensure that each

contained ground truth site and histology codes and at least one
site or histology phrase provided by the MCR. Missing site and
histology phrases were filled using SEER preferred terms. These
were identified by performing a lookup into the ICD-O-3 table
using the site or histology code in the training sample.

After screening, the ground truth phrases were labeled and
concatenated to form a single combined phrase. For example,
if the MCR phrases were lung lower lobe and squamous cell
carcinoma, then the combined phrase would be site: lung lower
lobe. histology: squamous cell carcinoma. The combined phrase
was used to train both the caBERT site classification model and
the caBERT histology classification model. The use of a
combined phrase allowed caBERTnet to leverage any correlation
between site and histology to improve its performance. For
example, astrocytomas are brain tumors. When caBERTnet
encountered a previously unseen pathology report during the
test phase with the combined phrase site: frontal. histology:
anaplastic astrocytoma, it correctly predicted a brain site of
C711, frontal lobe and a histology of 9401/3 astrocytoma
anaplastic NOS (not otherwise specified).

Testing the ICD-O-3 Site and Histology Code Classifiers
After training of the site and histology ICD-O-3 code
classification models was complete, caBERTnet performance
was evaluated using the sequestered Moffitt fine-tuning test
data set described in the Extract Tumor Site and Histology
Descriptions section. For each test sample, the MCR-generated
site and histology phrases were used to create a ground truth
combined phrase. Next, the site and histology phrases extracted
by the Q&A stage of caBERTnet were used to create a predicted
combined phrase. The predicted phrase was tokenized to prepare
it for input into each classification model. Ground truth site and
histology codes from the MCR were enumerated, as described
earlier, and stored as true labels. Subsequently, the trained site
and histology classification models were used to classify the
tokenized predicted combined phrases for each test sample. The
outputs from this classification, logits, were converted into
probabilities, sorted, and converted back into ICD-O-3 codes
as described earlier, labeled as predicted codes, and saved for
further performance analysis.

caBERTnet performance was evaluated in 3 different ways.
First, the top 5 accuracies were determined. This metric (or its
inverse, the top 5 error rate) is commonly used to evaluate
classification algorithms [66]. Briefly, it calculates the average
probability that the correct site or histology code occurs within
the top N predicted codes because N is varied from 1 through
5. Top 1 accuracy, the accuracy of the code scored most highly
by the classification algorithm, is equivalent to precision, recall,
and F1 score for this classification task.

Second, we examined the effect of culling or removing
infrequently occurring codes. Our hypothesis was that the
caBERT site and histology code classifiers suffer when they do
not have enough training data to learn from. Therefore, to
examine the effect of training sample size, we iteratively
eliminated site and histology codes from the full 2050-sample
test data set when the number of examples with a particular
code in the training set (alone) fell below a specified threshold.
We varied that threshold from 0 samples (no culling) to 35
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samples in increments of 5 samples. At each culling threshold
we recalculated the top 5 performance of the site and histology
classifiers.

Third, we calculated the overall accuracy of predicting the
correct group code for each site and histology code. Group
codes occur higher up in the ontological tree and, as the name
implies, encompass a group or range of related tumor sites or
histologies. For example, the site codes C341 upper lobe, lung
and C349 lung, NOS have the same group code: C34 bronchus
and lung. The histology codes 8070/3 squamous cell carcinoma,
NOS and 8051/0 verrucous carcinoma both have the same group
code: 805-808 squamous cell neoplasms. The ICD-O-3 ontology
includes 82 group-level site codes covering the 332 fine-grained
site codes. It includes 49 group-level histology codes covering
the 1143 fine-grained histology codes.

Group codes are useful for search and summary applications.
The group codes for both the predicted and ground truth
fine-grained codes were determined by searching in the tree
data structures described in the Accommodate Diverse
Terminology section. For each fine-grained code, the search
started at that code’s location in the tree and proceeded upward.
Finally, we calculated the overall accuracy of prediction within
each group code for both site and histology predictions.

Results

Model Accuracy
The accuracy of the both the ClinicalBERT and caBERT Q&A
models when tested on the Moffitt fine-tuning testing data set
improved at each Q&A training stage (SQuAD, BioASQ, and
Moffitt training data; Figure S2 in Multimedia Appendix 1).
ClinicalBERT had higher accuracy than caBERT on the Moffitt
test set after each of the first 2 training stages. This suggests
that the specialized pathology-language tuning reduced
caBERT’s ability to learn from the SQuAD and BioASQ training
data sets. However, caBERT outperformed ClinicalBERT after
training on Moffitt pathology reports. This was true both for
exact match (3254/4068, 79.99%, for caBERT vs 3069/4068,
75.44%, for ClinicalBERT) and F1 score (87.76% for caBERT
vs 84.85% for ClinicalBERT).

The top N accuracy of predicting fine-grained site codes ranged
from 71.58% (1456/2034; top 1) to 91.05% (1852/2034; top 5),
without culling (Figure 5). The accuracy for predicting histology
codes ranged from 83.87% (1706/2034; top 1) to 94.79%
(1928/2034; top 5). Culling 6.39% (130/2034) of the test
samples—those site and histology codes with <5 samples in the
training data set—improved accuracy for site code prediction
to 73.84% (1406/1904; +2.26%; top 1) and 93.28% (1776/1904;
+2.23%; top 5). The same culling improved the accuracy of
histology code prediction to 85.29% (1624/1904; +1.42%; top
1) and 96.27% (1833/1904; +1.48%; top 5).

Figure 5. The effect of culling rare tumor sites and histologies on the top N accuracy of predicting fine-grained International Classification of Diseases
for Oncology, Third Edition codes.
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Group-Level Code Predictions
We also computed the accuracy of the more coarse–grained
group-level code predictions by mapping each top 1 code
prediction to its corresponding group in the ICD-O-3 ontology.
The accuracy of predicting group-level site codes was 93.53%
(1895/2026) overall (Figure 6). The ten most commonly
represented sites—(1) breast, (2) skin, (3) lung and bronchus,
(4) prostate gland, (5) corpus uteri, (6) thyroid gland, (7) kidney,
(8) large intestine, (9) rectum, and (10) ovary—included 79.42%

(1609/2026) of the test samples and had an accuracy of 97.7%
(1572/1609). Accuracies <80% were observed for connective
and soft tissues (15/29, 52%, with 29/2026, 1.43%, of the
samples), stomach (14/27, 52%, with 27/2026, 1.33%, of the
samples), gallbladder and extrahepatic bile ducts (14/18, 78%,
with 18/2026, 0.89%, of the samples), small intestine (10/13,
77%, with 13/2026, 0.64%, of the samples), retroperitoneum
and peritoneum (7/11, 64%, with 11/2026, 0.54%, of the
samples), and other (52/90, 58%, a collection of 27 sites totaling
90/2026, 4.44%, of the samples).

Figure 6. Accuracy of predicting tumor site group codes from unstructured and previously unseen pathology reports on solid tumors, broken down to
show performance within each site group. The overall accuracy over all site groups was 93.53% (1895/2026).

The accuracy of predicting group-level histology codes was
97.6% (1993/2026) overall (Figure 7). The ten most commonly
represented histologies—(1) adenomas and adenocarcinomas,
(2) ductal and lobular neoplasms, (3) nevi and melanomas, (4)
squamous cell carcinomas, (5) cystic mucinous and serous
neoplasms, (6) transitional cell papillomas and carcinomas, (7)

gliomas, (8) epithelial neoplasms, (9) complex mixed and
stromal neoplasms, and (10) lipomatous neoplasms—included
95.84% (1957/2042) of the test samples and had an accuracy
of 98.06% (1919/1957). An accuracy of <80% was observed
for epithelial neoplasms only (14/18, 78%, with 18/2042, 0.88%,
of the samples).

J Med Internet Res 2022 | vol. 24 | iss. 3 |e27210 | p.889https://www.jmir.org/2022/3/e27210
(page number not for citation purposes)

Mitchell et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 7. Accuracy of predicting tumor histology group codes from unstructured and previously unseen pathology reports on solid tumors, broken
down to show performance within each histology group. The overall accuracy over all histology groups was 97.6% (1993/2042).

Discussion

Primary Contributions
This work describes 3 primary contributions. First, we created
caBERT: a BERT-based language model for comprehension of
cancer pathology reports. We are aware of only 1 other attempt
to create a pathology- and oncology-specific BERT language
model [45]. That study included 290,438 pathology reports
created between 2005 and 2015 from a tertiary teaching hospital
in the United States. However, only 8870 of these reports were
cases involving cancer. Our study included 275,605 pathology
reports from patients with cancer diagnosed or treated at Moffitt.
The larger corpus of cancer-specific reports should help our
system achieve higher performance levels with cancer-related
NLP tasks. However, because we did not have access to the
system described in the study by Ma et al [45], a direct
comparison with ours was not possible.

Second, we created a new Q&A system to extract tumor site
and histology descriptions from free-text pathology reports.
This is the first functional Q&A system for extracting

information from pathology reports that we are aware of. The
Q&A format has 2 important benefits. First, it provides a
user-friendly interface to the information extraction system.
Second, incorporation of additional questions into our system
is straightforward. With appropriate ground truth–labeled
training data, this should allow us to extract additional data
fields from free-text pathology reports.

Third, we created a new caBERT network, caBERTnet, to
predict fine-grained ICD-O-3 site and histology codes using the
answers extracted through the initial Q&A component. There
has been considerable prior work using NLP methods to predict
ICD-O codes from pathology reports [11,12,16,67]. Here, we
compare our results to 5 of the most highly cited recent
publications in this area.

Comparisons With Prior Work
Much of the prior work has focused on a single anatomical site
or histology. For example, Coden et al [16] described a system
to extract information on tumor site, histology, grade, lymph
nodes, tumor size, and reporting date from free-text pathology
reports of colon cancer. They achieved precision and recall
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values of between 0.95 and 0.98 for both site and histology
ICD-O codes. Their system used a rule-based NLP pipeline,
with a large number of controlling parameters that required
extensive manual tuning to obtain optimal results. In contrast,
BERT-based NLP systems can both discover and tune the steps
of a traditional NLP pipeline automatically [68]. This has
significant advantages in terms of reduced effort; in addition,
it allows these systems to be quickly retuned for data sets from
other institutions or different applications through transfer
learning [69].

The BERT system from Ma et al [45], mentioned earlier, was
used to extract information on 15 primary cancer sites, 6 cancer
reasons, and 3 metastatic disease states. In all, 11 of their cancer
sites corresponded to ICD-O-3 group-level site classifications
(eg, breast, lung, or bronchus). The others were broader
groupings (eg, colorectal, upper gastrointestinal, and head and
neck). Of their cancer reasons, 4 corresponded to ICD-O-3
group-level histology classifications (eg, melanoma and soft
tissue sarcoma). The remaining two cancer reasons were very
broad groupings: carcinoma and blastoma. They achieved
accuracies on the full test set of 96.7% and 98.5% for cancer
site and cancer reason, respectively. However, they did not
predict ICD-O-3 group or fine-grained codes.

Nguyen et al [70] developed a system to monitor Health Level
Seven International electronic pathology reports from across
the state of Queensland in Australia. Their system relied on
business rules and symbolic reasoning using Systematized
Nomenclature of Medicine codes. They tuned their system using
201 pathology reports and tested it on 220 unseen reports. They
extracted 8 different cancer characteristics from these reports.
These characteristics included ICD-O-3 site codes (both
fine-grained, Cxxx, and group, Cxx) and histological type. Their
data set included 66 sites and 94 histologies. They achieved F1
scores of 61.1%, 73.2% and 63.7% on fine-grained site codes,
group site codes, and histology codes, respectively.

Alawad et al [67] developed a multistage system of deep
convolutional neural networks to extract the primary site,
histological grade, and laterality from pathology reports. They
achieved an F1 score of 77.5% over 12 ICD-O-3 site codes.

Qiu et al [11] also developed a deep convolutional neural
network to extract ICD-O-3 codes from breast and lung cancer
pathology reports. Training was based on 942 pathology reports
annotated by cancer registry experts. The data set included 7
breast sites and 5 lung sites. Of the 12 sites, 6 had at least 50
samples per code. The remaining 6 sites had 10 to 50 samples
each. They evaluated their system using a 10-fold
cross-validation. Their overall F1 score for predicting tumor
sites across all 12 ICD-O-3 codes was 72.2%.

Our study included a greater diversity of cancer cases than
previous studies (214 site codes and 193 histology codes), while
obtaining similar or better accuracy scores. Many of the site
and histology codes in our training data set included ≤5 samples,
whereas prior studies reported ≥10 training samples per code.
Culling codes from the test set with ≤5 samples in the training
set reduced the size of our test data set by 6.39% (130/2034;
130 pathology reports). However, this increased our top-1
accuracy on the test data to 73.84% (1406/1904; +2.26%) and

85.29% (1624/1904; +1.42%) for site and histology,
respectively. Our system also ranks and reports the top 5
predictions for ICD-O-3 site and histology codes. This has useful
clinical applications: often there is a degree of uncertainty or
hedging in pathology reports [16]. Listing the top 5 predicted
codes could help to reduce this uncertainty. For example, an
artificial intelligence–assisted abstraction system that provides
the top 5 predicted ICD-O-3 codes for a particular pathology
report (in a pull-down menu, for example) could aid the process
of abstraction and enhance the workflow in cancer registries.
Our top 5 accuracies for fine-grained codes with ≥5 training
samples were 92.95% (1794/1930) and 96.01% (1853/1930)
for site and histology, respectively.

Additional Insights From the Results
Figure 5 shows the top 5 results at various levels of rare-code
elimination from the test data set, and it provides 3 additional
insights. First, as N increased from 1 to 5, the improvement in
accuracy for sites was larger than that for histologies. This
suggests that there is more uncertainty predicting site codes
than in predicting histology codes. Second, eliminating rare
codes, for example, going from E=0 (green lines) to E=5 (blue
lines; Figure 5), improved site accuracy more than it improved
histology accuracy. This suggests that site prediction was more
dependent on sample size. Third, site accuracy failed to improve
for E>20. This suggests that 20 samples per code were required
to maximize site code prediction accuracy.

The overall accuracy for predicting site group codes was 93.53%
(1895/2026) (Figure 6). Nevertheless, several site group codes
had accuracies <80%. Here, we will discuss the Other group
(52/90, 58%, accuracy), along with two of the site group codes
with the lowest accuracies: C49 Connective, Subcutaneous, and
Other Soft Tissues (15/29, 52%, accuracy) and C16 Stomach
(14/27, 52%, accuracy).

The Other site category included 27 group codes. Together,
these group codes contained 61 fine-grained codes with at least
one sample pathology report each in the training data set, as
determined by the MCR. The mean and median number of
reports in the training data set for each fine-grained code in the
Other category were 6.3 (SD 6.3) and 4 (IQR 5), respectively.
Consequently, caBERTnet accuracy on these rare sites was
likely limited by the availability of training data.

caBERTnet failed to predict the MCR site code for 14 test cases
in the group C49 Connective, Subcutaneous, and Other Soft
Tissues. We manually reviewed 50% (7/14) of these cases, all
of which were labeled by the MCR as soft tissue of the limb,
shoulder, and hip or pelvis (codes C491, C492, and C495). In
14% (1/7) of these cases, the information required to determine
the correct site was not present in the pathology report text. In
these situations, CTRs would use additional information in the
patient record. However, this information was not available to
caBERTnet. In the remaining 86% (6/7) of the cases, the
pathology report described characteristics of a lesion that had
metastasized from the limb, shoulder, hip, or pelvis to another
location. The MCR recorded the originating organ as the tumor
site, whereas caBERTnet predicted the metastasis site.
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caBERTnet failed to predict the MCR site code for 13 test cases
in the group C16 Stomach. All these cases were labeled by the
MCR as C160 Cardia, NOS, and by caBERTnet as lesions of
the lower third of the esophagus (C155; 12/13, 92%) or as
overlapping lesions of the esophagus (C158; 1/13, 8%). The
MCR labels are due to a rule in the American Joint Committee
on Cancer Staging Manual, Eighth Edition [71]. On page 189
in that manual it states as follows:

Cancers involving the Esophagogastric Junction
(EGJ) that have their epicenter within the proximal
2 cm of the cardia (Siewert types I/II) are to be staged
as esophageal cancers. Cancers whose epicenter is
more than 2 cm distal from the EGJ, even if the EGJ
is involved, will be staged using the stomach cancer
TNM (primary tumor, lymph nodes, and distant
metastases) and stage groupings (see Chapter 17).

The pathology reports on these cases did not mention the spatial
location of the tumor sample in relation to the EGJ.
Consequently, measurement of the tumor location in
pretreatment imaging was required to determine the correct
tumor site code.

The overall accuracy for predicting histology group codes was
97.7% (Figure 7). Only one group code had an accuracy <80%:
801-804 Epithelial Neoplasms, NOS (77.8%). caBERTnet failed
to predict the MCR histology code for 5 of these cases. In 80%
(4/5) of these cases, the pathology report was based on histology
at the metastatic site of disease. The MCR coded these as the
histology of the originating tumor, whereas caBERTnet
predicted the histology at the metastatic site. In 20% (1/5) of
the cases, the information required to determine the correct
histology code was not present in the pathology report and
required the CTR to conduct a review of the patient medical
record.

The last case was quite interesting because the pathology report
included an initial intraoperative diagnosis that disagreed with
the final diagnosis. The former indicated a histological type of
spindle cell carcinoma. The latter included the following
statements: “the differential diagnosis includes sarcomatoid
carcinoma and inflammatory myofibroblastic tumor...the
histomorphologic and immunoprofile support the diagnosis of
sarcomatoid carcinoma.” The MCR coded the histology as
8032/3 spindle cell carcinoma, NOS, based on the intraoperative
statements, whereas caBERTnet predicted 8033/3
pseudosarcomatous carcinoma. The phrase sarcomatoid
carcinoma is an alternative form of the ICD-O-3 preferred
phrase pseudosarcomatous carcinoma. Although caBERTnet’s
prediction did not agree with that of the MCR, downstream
applications may still value automatic prediction and
codification of the final diagnosis.

Potential Applications
There are multiple potential applications of caBERTnet at
Moffitt. For example, there is a delay of several months between
initial pathology report dictation and CTR abstraction because
the CTRs typically wait for enough time to have elapsed for the
first course treatment to have been administered to minimize
the number of times they have to review the medical record.

caBERTnet can be used to extract information from pathology
reports in a timelier way, thus facilitating the use of the data for
clinical pathway reporting and screening for clinical trials.
Furthermore, CTRs only abstract the subset of pathology reports
associated with the cancer diagnosis and first-course treatment.
caBERTnet could be used to extract information from pathology
reports associated with subsequent biopsies and surgeries that
would never be manually curated by the CTRs. To facilitate
these use cases, we plan to extract tumor site and histology
information close to real time and link these values to other
patient data stored in our analytics platform. These data can be
incorporated into real-time dashboards and data sets for a wide
range of decision support and research applications.

We do not believe that caBERTnet will replace CTRs at cancer
clinics. Many complex, difficult, and rare cases require intuition
and information outside of the pathology report to determine
the correct coding. These cases are beyond the scope of an NLP
tool. However, caBERTnet may help simplify and accelerate
MCR workflows. For example, caBERTnet could preprocess
pathology reports to identify the top 5 site and histology
ICD-O-3 codes and their corresponding phrases. The phrases
could then be highlighted within the report body. In addition,
two pull-down menus could be prepopulated with top 5 code
predictions: one for site and the other for histology. The CTR
could then quickly choose a code from either pull-down menu.
If the correct code was not among the top 5, then the CTR would
resort to their current workflow, entering this information by
hand.

Limitations of Approach
Although there are immediate applications of the caBERTnet
model within our internal workflows, there are a number of
aspects of our modeling approach that limit the application of
caBERTnet to other use cases. In this section, we provide an
overview of several important limitations that we believe should
be considered before caBERTnet implementation.

The most critical limitations correspond to issues related to our
data curation and preprocessing approaches. In the curation of
our Moffitt fine-tuning data set, we restricted the available
reports to only those containing a single primary tumor
diagnosis. Although this was partly imposed by the nature of
the SQuAD Q&A task (which expects a single answer to each
question asked of each input), it nonetheless limits the
generalizability of our model to reports containing multiple (or
zero) positive diagnoses. We are exploring methods of
mitigating these issues within the current setup by adjusting the
likelihood thresholds for output predictions that could be used
to screen out reports with no diagnosis. Another limitation
inherent to a Q&A system is the necessity of knowing the
precise span of text corresponding to the answer to each question
asked of each report. Owing to the sheer number of reports in
our fine-tuning data set, it was infeasible to manually curate
answer labels. To circumvent this issue, we chose to create our
own automated system to determine the answer text in each
report. Any such automated preprocessing necessarily leaves a
fingerprint on downstream tasks. The drawbacks of our approach
in particular relate to the restriction of answers from a
predetermined list of possibilities for each site and histology.
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Although these phrase sets were diverse (and our approach even
allowed for permutations of phrasing within these terms), this
process nevertheless limits the allowed terminology and is
necessarily incomplete.

In addition, a single pathology report may reference several
tissue samples (which can be from related or distant sites from
the actual site of diagnosis). Although we limited our automated
answer-search preprocessing algorithm to only find terms
associated with the known diagnosis label for each report, it is
possible that the answer found in the report text by the
preprocessing corresponds to a false answer from a different
sample in the report; this is particularly relevant for cases with
multiple samples from related sites (eg, upper outer quadrant
breast vs upper inner quadrant breast). When the 2 samples are
in the same site (or histology) group, this issue is avoided by
outputting the group code; however, this does not help when
the 2 samples belong to different groups altogether.

Future Directions
We plan to continue development of caBERTnet. Of particular
interest is extending the system with additional questions and
MCR-derived ground truth labels to train it to extract additional
tumor characteristics. These include grade, size, involvement
of lymph nodes, primary or metastatic status, presence or
absence of molecular markers, and others. caBERTnet could
also be customized to extract information on hematological
malignancies.

A caBERTnet-assisted MCR abstraction tool could also be used
for active [72] or human-in-the-loop [73] learning. Briefly, this
approach uses human-labeled data to improve the performance
of machine learning algorithms over time. It is particularly
useful when the subject matter expert (a CTR in our case)
provides labels for cases with low-confidence predictions by
the machine learning algorithm. However, it would require
careful engineering to avoid common pitfalls and ensure
seamless operation [74].

The system’s accuracy on rare sites and histologies could be
improved with additional training data. A potential option may

be to collaborate with other academic cancer centers; distributing
caBERTnet for training on local pathology reports at other sites
based on ground truth labeling of training and test data sets from
highly standardized registry data or the application of federated
multitask learning [75] that distributes copies of a central model
to multiple spoke sites for tuning of the central model on local
data could allow vast improvements in caBERTnet accuracy.
Using these methods, information learned at local sites (eg,
model weights) is transmitted back to the central node where
the information is combined in a pluralistic way that avoids the
need to impose consensus on the data distributions at the spoke
sites. This allows for both heterogeneity in local data and broad
generalizability of the central model. That said, the most
effective way to protect private health information when sharing
such models remains an unsolved problem, and these kinds of
expansions would depend on the development of validated
privacy schemes specific to BERT.

Conclusions
Our new NLP system, caBERTnet, is built around a network
of 3 cooperating BERT instances. On a sequestered test data
set, it produced top 5 accuracies of 92.95% (1794/1930) and
96.01% (1853/1930) for fine-grained ICD-O-3 site and histology
codes, respectively. This level of accuracy is on par with existing
systems in the literature, while also being accurate over a
broader range of site and histology groups.

Pathology report abstraction systems such as caBERTnet cannot
be expected to achieve performance on par with CTRs who
abstract data ultimately incorporated into population-based
cancer registries [76], given the vast amount of ancillary data
from within the electronic health record that is required for
thorough abstraction and the subtle nuances associated with
coding guidelines. However, caBERTnet could expedite access
to timely pathology data needed for disease surveillance, cohort
identification, and clinical trial matching. Furthermore, it can
improve existing workflows, serving as a valuable step toward
the ultimate goal of a mostly automated abstraction system.
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Abstract

Background: With the increasing sophistication of the medical industry, various advanced medical services such as medical
artificial intelligence, telemedicine, and personalized health care services have emerged. The demand for medical data is also
rapidly increasing today because advanced medical services use medical data such as user data and electronic medical records
(EMRs) to provide services. As a result, health care institutions and medical practitioners are researching various mechanisms
and tools to feed medical data into their systems seamlessly. However, medical data contain sensitive personal information of
patients. Therefore, ensuring security while meeting the demand for medical data is a very important problem in the information
age for which a solution is required.

Objective: Our goal is to design a blockchain-based decentralized patient information exchange (PIE) system that can safely
and efficiently share EMRs. The proposed system preserves patients’privacy in the EMRs through a medical information exchange
process that includes data encryption and access control.

Methods: We propose a blockchain-based EMR-sharing system that allows patients to manage their EMRs scattered across
multiple hospitals and share them with other users. Our PIE system protects the patient’s EMR from security threats such as
counterfeiting and privacy attacks during data sharing. In addition, it provides scalability by using distributed data-sharing methods
to quickly share an EMR, regardless of its size or type. We implemented simulation models using Hyperledger Fabric, an open
source blockchain framework.

Results: We performed a simulation of the EMR-sharing process and compared it with previous works on blockchain-based
medical systems to check the proposed system’s performance. During the simulation, we found that it takes an average of 0.01014
(SD 0.0028) seconds to download 1 MB of EMR in our proposed PIE system. Moreover, it has been confirmed that data can be
freely shared with other users regardless of the size or format of the data to be transmitted through the distributed data-sharing
technique using the InterPlanetary File System. We conducted a security analysis to check whether the proposed security mechanism
can effectively protect users of the EMR-sharing system from security threats such as data forgery or unauthorized access, and
we found that the distributed ledger structure and re-encryption–based data encryption method can effectively protect users’
EMRs from forgery and privacy leak threats and provide data integrity.

Conclusions: Blockchain is a distributed ledger technology that provides data integrity to enable patient-centered health
information exchange and access control. PIE systems integrate and manage fragmented patient EMRs through blockchain and
protect users from security threats during the data exchange process among users. To increase safety and efficiency in the
EMR-sharing process, we used access control using security levels, data encryption based on re-encryption, and a distributed
data-sharing scheme.

(J Med Internet Res 2022;24(3):e29108)   doi:10.2196/29108
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Introduction

Background
With the development of information and communication
technology, the existing medical information system, which
used paper charts to manage medical information such as patient
treatment information and clinical results, changed to a
digital-based medical information system. As of 2017, more
than 94% of the hospitals in the United States have used digital
health information systems [1,2]. The digital medical
information system uses electronic medical records (EMRs)
that store patient medical information (eg, patient demographics,
progress notes, medications, vital signs, past medical history,
immunizations, laboratory data, and radiology reports) in
electronic document format for patient treatment and health
management [3]. Moreover, health care practitioners use EMRs
to provide improved health care to their patients through clinical
decision support tools [4,5]. Of late, EMRs have been actively
used in various fields (eg, medical artificial intelligence
development [6-8], clinical trials [8-10], customized health care
[11,12], and telemedicine [13,14]) by combining EMRs with
the core technologies of the fourth industrial revolution. As
EMRs are used widely, the value of, and demand for, EMRs
continue to increase, and the size of the medical data market is
also increasing every year [15,16]. There have been various
attempts to share EMRs using networks to supply scarce EMRs,
such as image-sharing networks [17,18] or health information
exchange mechanisms [19-21]. However, the existing
EMR-sharing systems centered on medical institutions that use
a trusted third party (TTP) have security vulnerabilities and
structural limitations. In the current EMR-sharing system, which
manages data through a central database, overall service can be
affected if a problem occurs in the database storing the data.
Furthermore, if an attacker forges the EMR, it is difficult to
determine whether the EMR has been forged if there are no
original data for comparison, and in the case of data loss,
permanent loss can occur if there is no backup file to recover
the data [22,23]. Moreover, as the EMR-sharing process is
performed by a third-party data center or cloud service provider,
personal information of the patient can be exposed [24-26]. An
EMR contains personal information that can identify the patient.
Therefore, privacy issues can arise if sensitive information
regarding, for example, abortion clinic visits or records of
treatment for sexually transmitted disease, is leaked.

Medical information that directly affects a patient’s health must
have integrity and be reliable. Moreover, the patient’s privacy
should be protected from exposure to unauthorized users.
Therefore, it is necessary to develop a secure EMR-sharing
system that can provide the integrity and reliability of an EMR
and protect patient privacy by addressing the problems of the
existing centralized EMR-sharing systems. Decentralization of
the system has been proposed to complement the problems of
the existing EMR-sharing system, and blockchain is receiving
much attention as a technology suited for this purpose [27,28].

Blockchain stores data using a shared ledger maintained and
managed through consensus by nodes participating in a
blockchain network. By storing the previous block’s hash value
created using an irreversible hash function in the newly created
block, blocks form a chain structure in which they are
sequentially connected [29,30]. Furthermore, because the data
stored on the blockchain cannot be arbitrarily modified or
deleted, the blockchain provides strong tamper-resistant
performance. Because of these technical characteristics,
blockchain provides transparency and integrity of data and
enables transactions among users without central administrators
and third parties [31]. In addition, the blockchain technology
that provides data integrity and transparency through a
distributed shared ledger can be made scalable by applying
automation technologies such as smart contracts. A smart
contract is a digital contract written in code and executed
automatically, first devised by Szabo [32]. Since then, smart
contracts have been used for digital asset trading on Ethereum,
a blockchain platform developed by Buterin [33,34]. By using
smart contract technology, users can authenticate the contents
of a transaction without the intervention of a third party and can
be guaranteed an accurate and automated contract by means of
a prewritten code. As blockchain has been applied to various
fields, the role of smart contracts has also diversified. When
smart contracts are applied to the medical field, various medical
services such as remote patient monitoring, clinical trials, and
drug supply chain management can be automated [35-37].
Moreover, it is possible to control access rights by using smart
contracts so that only users who meet access policies (APs) can
access medical data. However, blockchain technology is still
at the prototype level, lacks technical stability, and suffers from
limited performance, including low throughput and high latency
[28,31]. In addition, there are some problems that arise when
applying blockchain technology to the EMR system. For
example, in the process of propagating transactions to nodes to
store data on the blockchain, patient information may be
disclosed to multiple users if the EMR is not encrypted.
Furthermore, because of the limited block capacity,
large-capacity data (eg, medical images) cannot be shared, and
there are insufficient measures in place to ensure the patient’s
ownership of the EMR. Therefore, to apply blockchain
technology to the EMR-sharing system, measures to resolve
the aforementioned problems are required. Because of these
issues, analysis studies are being conducted on whether it is
appropriate to apply blockchain technology to the EMR-sharing
system [38]. Figure 1 is a flowchart adapted from the study by
Wüst and Gervais [38] to determine whether blockchain is an
appropriate solution to the problems of the existing centralized
database. To share an EMR, the system needs a shared database.
However, if a TTP such as a certificate authority (CA)
supervising the entire sharing process is semitrusted, privacy
concerns may arise. Therefore, there is a limitation to the use
of a TTP for EMR-sharing systems. In our proposed system,
there are many patients as well as physicians who write EMRs.
They should be identified for the purpose of sharing certain
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patient information with the appropriate physicians, but they
may have concerns about one another’s privacy. Hence, for the
EMR-sharing system, permissioned blockchain can be applied.

The blockchain-based decentralized EMR-sharing system has
the opposite characteristics to the existing client–server-based
centralized system. Through these opposite characteristics, the
blockchain-based EMR-sharing system overcomes the current
system’s problems and provides various advantages. Unlike the
existing centralized system, the blockchain-based decentralized
EMR-sharing system exhibits strong resistance to the single
point of failure because no central administrator or server
controls the system. As multiple nodes operate the decentralized
EMR system, data loss or service failure can be prevented even
if a specific node fails. Therefore, it is possible to build a more
robust system and provide stable service.

In terms of performance, the blockchain-based EMR-sharing
system exhibits low throughput and high latency compared with
centralized systems because of the data propagation delay
between nodes and the consensus mechanism. However,
performance problems can be overcome through various

methods, including automation of the system by using smart
contracts, lightweight consensus mechanisms, and private
blockchain models. In a centralized system, only the central
administrator manages the database. Hence, the data stored in
the database can be arbitrarily modified or deleted only by the
central administrator. However, to modify stored data in the
decentralized EMR-sharing system, the consent of most of the
blockchain nodes is required; therefore, an arbitrary user cannot
modify the data at will. Therefore, the blockchain-based
EMR-sharing system provides high data integrity and a
transparent process, allowing EMRs to be shared without the
intervention of a third party, unlike centralized systems. The
decentralized EMR-sharing system prevents data leakage and
privacy threats from third parties with these characteristics.

Despite many concerns about technological limitations and
suitability, many researchers are studying blockchain-based
EMR-sharing systems to take advantage of the benefits of
blockchain technology [39-42]. Table 1 shows the differences
between a blockchain-based distributed EMR-sharing system
and a client–server-based centralized EMR-sharing system.

Figure 1. Decision-making flowchart to determine whether blockchain is an appropriate technical solution to a problem, adapted from the study by
Wüst and Gervais [38]. CA: certificate authority.

Table 1. Comparison of the decentralized (blockchain) and centralized (client–server) electronic medical record–sharing system.

Centralized systemDecentralized systemCharacteristics

WeakStrongSystem-fault tolerance

HighLowThroughput

LowHighLatency

MediumHighData integrity

YesNoTrusted third party

Centralized databaseDistributed ledgerStorage

WeakStrongPrivacy preservation
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Related Works: Blockchain Technology in Medical
Care Fields
Researchers have proposed various EMR-sharing system models
based on blockchain to secure the integrity and reliability of
EMRs and build a secure EMR-sharing environment. The studies
on EMR-sharing systems based on blockchain technology are
presented in Table 2.

Azaria et al [43] proposed MedRec, a decentralized medical
record management system based on Ethereum smart contracts.
MedRec manages access rights to medical records using smart

contracts and permissions stored in the blockchain. When a
client sends a query request, the gatekeeper checks the client’s
signature and the blockchain contracts to verify access rights.
However, because the system proposed by the authors does not
encrypt medical data, there is a risk of leakage of personal
information and data during the data-sharing process. Besides,
when data are shared, the transaction-processing efficiency is
degraded because of the additional processing time required as
it is necessary for the request queries to be sent from the
provider’s local database.

Table 2. Blockchain-based electronic medical record (EMR)-sharing systems.

EntitiesLimitationDescriptionAuthorsYear

Patient and providerScalability and se-
curity

Azaria et al [43]2016 1. The authors proposed a new distributed record management system
that handles EMRs

2. Researchers and public health authorities participate in the
blockchain network as miners

3. Miners given access to anonymized aggregate data as mining re-
wards through proof of work

Patient and hospitalScalability and se-
curity

Griggs et al [35]2018 1. All events between patients and physicians are stored and managed
using a customized smart contract in the blockchain

2. All sensor data captured by IoTa devices are stored and managed
in the blockchain

3. Smart devices can provide automated alerts using smart contracts
to users and health care providers

Patient, IoT device, cloud
service provider, and
hospital

Centralization, ver-
ification cost, and
scalability

Uddin et al [44]2018 1. Design a lightweight blockchain model and an encryption algo-
rithm for the IoT-based remote patient-monitoring system

Patient and researcherScalability and se-
curity

Maslove et al [45]2018 1. The authors presented a proof-of-concept blockchain-based clinical
trial data management solution, enabling patients and researchers
to participate in clinical research

Patients, hospital, cloud
service provider, and au-
thorities

Centralization and
security

Guo et al [46]2019 1. The study presents an attribute-based encryption system for autho-
rization and dynamic authentication of medical on-demand services
in remote medical systems

2. Data index management using blockchain for data security of
public cloud-based telemedicine services

Patient, hospital, and re-
searcher

ScalabilityHylock and Zeng
[47]

2019 1. The authors proposed a proxy re-encryption–based redactable
blockchain system for a privacy-preserving and efficient medical
data exchange system

Patient and physicianSecurityWu and Du [48]2019 1. Data-masking techniques were presented to prevent personal in-
formation leakage in blockchain-based medical systems

2. IPFSb, a distributed file-sharing protocol, was used to share large-
capacity data such as medical images

Patient and hospitalScalability, securi-
ty, and centraliza-
tion

Abdellatif et al [49]2020 1. The authors proposed a system model and priority-based data-
sharing algorithm using blockchain and edge computing for remote
health care systems

aIoT: Internet of Things.
bIPFS: InterPlanetary File System.

Hylock and Zeng [47] proposed HealthChain to enhance patient
engagement and security in blockchain-based health information
exchange systems. Proxy re-encryption (PRE) [50-54]
technology was used to prevent leakage of patient private keys
and medical data. Furthermore, the authors introduced redactable
patient blocks with chameleon hashing to solve the data

fragmentation problem and reduce storage and computation
overhead by modifying the data. However, in the system
proposed by the authors, there is a fatal problem: patients must
share their private keys with an external third party for
re-encryption. Moreover, for patients to share and manage their
medical data, they must continuously participate in the
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blockchain network, burdening patients who have limited
resources, unlike hospitals and research institutes.

Wu and Du [48] proposed an EMR security-sharing model based
on blockchain for improving privacy and data scalability in
medical data–sharing systems. An EMR security-sharing model
based on blockchain uses data-masking technology to hide
sensitive information stored in the medical data to prevent
leakage of personal information. Moreover, the InterPlanetary
File System (IPFS) [55], a distributed file-sharing protocol, was
used to overcome the difficulty of sharing medical data because
of the limited block size. However, depending on the masking
level, the privacy protection offered by data-masking technology
varies in performance. The problem is that applying excessive
masking makes it challenging to use the required information,
and when the level of masking is low, specific values can be
tracked and predicted.

Abdellatif et al [49] proposed ssHealth, a smart and secure health
care system, which is a distributed health care system that
enables convenient medical data–sharing among various
institutions using blockchain and edge computing. The ssHealth
system divides medical data processing, access control, and
data sharing into local and blockchain networks and presents a
data-sharing security algorithm based on the importance of data
to enable safe medical data–sharing. However, there is a
problem: it is not possible to guarantee stable service quality
because of differences in validation time, depending on the
security level. Besides, there is a risk of centralization and
privacy breaches because unencrypted medical data and patient
personal information pass through edge nodes in the local
network.

Existing studies on blockchain-based EMR-sharing systems
have used blockchain models designed for cryptocurrencies
such as Bitcoin and Ethereum. However, existing blockchain
models for cryptocurrency have limitations in providing the
security and scalability required in sharing EMRs. The system
also failed to meet the requirements of EMR-sharing systems
as defined in Connecting Health and Care for the Nation: A
Shared Nationwide Interoperability Roadmap – Version 1.0,
prepared by the Office of the National Coordinator for Health
Information Technology (ONC) [56]. Therefore, it is necessary
to develop a blockchain-based EMR-sharing system that
overcomes the limitations of existing systems and satisfies the
security framework defined by the ONC.

In this paper, we propose a patient information exchange (PIE)
system. The proposed blockchain-based EMR-sharing system
overcomes the limitations of existing blockchain-based
EMR-sharing systems and satisfies the privacy and security
framework defined by the ONC. Furthermore, our proposed
system prevents data loss and privacy breaches in sharing data
through the data encryption scheme based on re-encryption,
ensuring strong data security. Moreover, data integrity is ensured
by preventing the forgery and alteration of EMRs by using the
decentralized ledger structure and the unique hash value of the
data. Furthermore, allowing patients to set their data-access
rights ensures patient ownership of their EMR and establishes
a patient-centered medical system. Moreover, the PIE system
provides improved performance by solving the low processing

performance and scalability issues due to the limited block
capacity of the existing blockchain through the distributed
data-sharing method using the IPFS. As a result, we contribute
business process optimization, cost reduction, patient outcome
improvements, and enhanced compliance in the health care field
[57,58].

Methods

System Model
Here, we describe the proposed PIE system. In the Components
of the Proposed PIE System section, we define the entities that
make up the components of the system and describe each
entity’s role. In the EMR Transaction Structure section, we
describe the structure and components designed to share EMRs
effectively. Finally, in the Security Levels of EMRs section, we
discuss the security level, which depends on the EMR data type
and classifies the data based on the type. The system model of
the proposed PIE system is shown in Figure 2.

We propose a blockchain-based PIE system to improve the
security and efficiency of the EMR-sharing process. To prevent
forgery of EMRs and protect patient privacy, we use a
consortium blockchain model in which only authorized users
can participate. The medical consortium that operates and
manages the blockchain comprises state-approved and trusted
medical institutions. As the proposed blockchain-based PIE
system uses a private blockchain model, the consensus algorithm
in the block generation process is not addressed. Instead, the
chain is constructed by sequentially storing the generated EMR
transactions to create a block and connecting them. Hospitals
and medical institutions serve as blockchain nodes that issue
EMR transactions and store them in block form. Health care
workers and patients who create and use EMRs participate in
the blockchain network as users by using IDs issued according
to user type after a certification process by a CA. Users
participating in the blockchain network can register their EMRs
on the blockchain and use them at any time. The proposed PIE
system is a patient-centered EMR-sharing system where patients
directly participate in the EMR upload and EMR-sharing
process. The patient directly generates a key to encrypt the EMR
and defines the categories of users who can access the EMR.
By allowing patients to manage their own EMRs, we build a
user-centered system that protects patients’ privacy and gives
them ownership of their EMRs.

The proposed PIE system securely protects patient EMRs from
security threats such as data forgery and personal information
leakage, which can occur during EMR management and sharing.
To protect EMRs from the aforementioned security threats, we
use public key–based asymmetric encryption and our proposed
PRE-based decryption authority delegation mechanism. The
proposed decryption authority delegation mechanism prevents
private key leakage by decrypting data encrypted with the public
key. Moreover, delegating authority to decrypt data solves the
problem of data access in an emergency when a patient cannot
respond to a request for access to their EMR, as de Oliveira et
al [59] suggested. The proposed PIE system provides a
re-encryption key that enables the physician who created the
EMR to act on behalf of the patient in an emergency when the
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patient is unable to control access rights to the EMR. The
re-encryption key re-encrypts the EMR encrypted with the
patient’s encryption key into a form that the physician can
decrypt with the physician’s private key.

The performance and scalability of the PIE system are enhanced
by using the IPFS, which supports distributed data-sharing
technology. The EMR encrypted with the patient’s encryption
key is stored on the IPFS network, and the hash value of the

EMR is stored on the medical blockchain in the form of
metadata. Instead of storing the data as a whole in the
blockchain, it is possible to reduce the load on the system by
storing only the hash value of the data. Furthermore, if data are
shared using the IPFS, large-capacity data such as magnetic
resonance imaging, computed tomography, and endoscopy
images can also be shared, improving the scalability of the
blockchain system.

Figure 2. The proposed blockchain-based patient information exchange system model. EMR: electronic medical record. IPFS: InterPlanetary File
System.

Components of the Proposed PIE System
The proposed PIE system consists of blockchain nodes (medical
consortium), users of the blockchain network (patients and
health care workers), and the IPFS. The role of each entity is
outlined in the following paragraph:

A medical consortium consisting of hospitals and medical
institutions that wish to share EMRs builds and manages a
distributed ledger as operator of a permissioned blockchain
network in which only authorized users can participate. The
medical consortium blockchain stores the information of the
EMRs generated by each hospital. The information recorded
on the blockchain is a hash value of real medical data stored in
the IPFS and simplified medical information that users can
comprehend. Data registered on the blockchain cannot be

arbitrarily deleted or modified, providing high reliability and
medical data integrity. Patients and physicians, who are the
users of the blockchain network, share EMR information through
the network. Patients can use a decentralized app to share their
EMRs in the PIE system. Furthermore, patients set their APs
for their EMRs and generate re-encryption keys for
re-encryption. Unlike traditional hospital-centered health care
systems, the PIE system guarantees the patient’s ownership of
their EMR. In a patient-centered health care system, where
patients have rights to their own EMRs, they have the freedom
to choose who can use their EMR and their data at any time.
Furthermore, patients may sell their medical data to research
institutions or hospitals, in addition to using the data for
therapeutic purposes. Health care workers consist of reliable
physicians and health care service providers such as medical
researchers and insurance agents. Health care workers use
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computer systems at hospitals or medical institutions to encrypt
EMRs generated during the patient treatment process and upload
them to the IPFS. After uploading the EMRs, health care
workers submit the EMR information to their hospitals and
institutions. Health care workers also serve as consumers of
medical data by, for example, sharing EMRs through a
blockchain network to treat patients or using the data for clinical
research. The IPFS is a distributed file-sharing system that splits
data stored on multiple computers worldwide into small pieces
and shares only a portion. The distributed data-sharing method
used by the IPFS enables rapid sharing of large-capacity data
such as magnetic resonance imaging or computed tomography
images. In addition, the IPFS prevents duplicate creation and
storage of medical data by managing data with hash values
based on data content.

Threat Model
In this study, we consider the traditional cryptographic system,
not the postquantum cryptographic system. Therefore, we use
the discrete logarithm problem, which is one of the difficult
problems of 1-way functions. The discrete logarithm problem

is one where given x, y ∈ Z*
q, it is difficult for any probabilistic

polynomial time attacker A to find a value m ∈ Z*
q such that x

= ym. Therefore, the attacker cannot obtain the private key from
a public key or ciphertext. Our system model considers external
threats from outside the system and internal threats from the
system participants. We assume that both threats are in the form
of a logical attack, not a physical attack. The external threats
target the patients’ private data such as the EMR, insurance
details, and other personal information. For example, an external
attacker wants to eavesdrop on all communication among the
participants to obtain patients’ personal information. Internal
attackers can include health care researchers or insurance agents.
They are allowed access to limited information in the form of
an abstract regarding disease and length of hospital stay, not
details of the disease or patients’personal information. However,
internal attackers are snooping for patients’ private data;
therefore, they try to access their medical information. In
addition, internal attackers attempt to manipulate clinical results
or commit insurance fraud by arbitrarily forging a patient’s
EMR. Table 3 shows the attack scenarios and threat situations
considered in the proposed blockchain-based EMR-sharing
system.

Table 3. Attack scenarios and threats considered by the proposed system.

ThreatsTypes and attack scenario

External threats

Private data leakage (eg, electronic medical record and personal information)Eavesdropping

Service unavailableDenial of service

Internal threats

Private data leakageAbnormal access

Unexpected outputData forgery

EMR Transaction Structure
The proposed blockchain-based medical system uses
transactions designed to effectively share the desired medical
data while preventing leakage of personal information and data
when uploading the medical data to the blockchain. A unique
identifier or ID is used in the blockchain network by the
physician who created the EMR and the patient who is the owner
of the generated data. The CA issues a user ID according to the
type of user participating in the blockchain network. A user ID
is a randomly generated value consisting of numbers and letters;
it is possible to identify users but not know who the owner is.
Information about users who can map users to user IDs is
securely managed by a CA such as the trusted government
authority that issued the ID. As the user IDs are correlated, users
are protected from the threat of personal information leakage
[60,61]. The timestamps record the time the transaction was
created. Medical information contains minimal necessary

medical information, excluding sensitive information that can
identify the user from the patient’s EMR. For example, even if
information such as the gender of the patient, type of disease,
age, and exercise status is disclosed, it is not a serious problem
because the owner of the data cannot be identified. The
information is only used in the search process to identify a
specific EMR of interest among the various EMRs stored in the
blockchain. The metadata contain the hash value, which is the
address value of the data received after uploading the encrypted
EMR to the IPFS. Using this, a specific EMR can be shared in
the IPFS. The contract code contains the code to execute the
smart contract, for example, the user’s AP. The signature is the
one created by using the private key of the physician who
created the transaction (the physician who treated the patient
and generated the EMR). The structure of transactions for
effective and safe EMR management and sharing is shown in
Table 4.
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Table 4. Transaction structure for electronic medical record (EMR) sharing.

DefinitionField

IDs of the patient and physicianUser ID

Time the transaction was createdTimestamp

Summary of information in the EMREMR information

Hash value of encrypted EMRMetadata

Patient’s defined access permission policyContract code

Signing with the user’s private keySignature

Security Levels of EMRs
Patient EMRs may include data relating to clinical trials and
insurance as well as sensor data generated by health care
devices, in addition to medical information generated during
the process of receiving treatment in hospitals. Depending on
the EMR data type, the required security levels will differ. For
example, if information such as name, residence, and social
security number, which can identify an individual, is leaked to
outside parties, it can lead to serious personal information
leakage; consequently, a high security level is required.
Conversely, information that is not personally identifiable, such
as gender, age, eating habits, and exercise status, does not

require a high security level because it is not a serious problem
even if this information is disclosed to outside parties. Therefore,
it is necessary to provide differentiated security levels and
separate management, with respect to the sensitivity of the
personal information, according to the EMR data type.

The minimum security level required for each data type is
established by categorizing privacy sensitivity according to data
type and evaluating accessibility and data potential per user.
The security levels assigned according to the sensitivity of
private information fall into three classes: private, moderate,
and low. Table 5 lists the security levels differentiated according
to the type of information contained in the EMR.

Table 5. Security levels required depending on the type of information contained in the electronic medical record.

Security levelDivision and class

Medical record

PrivateMedical information

PrivateAdmission record

PrivatePrescription

PrivateMedical imaging (x-ray, magnetic resonance imaging, and computed tomography)

Clinical trial

LowMedical device

LowMedicine

LowClinical observation

LowOmics (genomics)

Lifelog

ModerateSensor data (weight, heart rate, and sleep pattern)

EMR-Sharing Process in the PIE System

Overview
This section presents the EMR-sharing process that protects the
patient’s EMR from various attacks and safely shares it.
Moreover, it describes the work performed in each process. A
more detailed description of each process-specific algorithm is
provided in Multimedia Appendix 1. The proposed EMR-sharing
process consists of a user registration phase, an EMR upload
phase, and an EMR-sharing phase. The user registration phase

concerns joining the blockchain network so that users such as
patients and physicians can manage and share medical data.
The EMR upload session concerns registering on the blockchain
the medical data generated when treating patients. The process
of publishing a patient’s EMR on the blockchain involves data
encryption, access rights setting, transaction creation, and
uploading. Finally, the EMR-sharing phase concerns the process
of downloading the encrypted patient EMR from the blockchain,
re-encrypting it, and then decrypting it to obtain the original
version. The notations used for EMR encryption and
re-encryption in the proposed system are listed in Table 6.
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Table 6. Notations used for electronic medical record (EMR) encryption and re-encryption in the proposed system.

DescriptionNotation

User ID (patient or physician)ID

Private key of the userSK

Public key of the userPK

Dedicated encryption key to encrypt EMRDEK

Re-encryption keyRK

Encrypted EMRCi

PatientiPi

DoctoriDi

Access policyAP

Hash value of the encrypted EMRhashi

Initial Phase: User Registration
Patients and physicians want to participate in the blockchain
network to manage EMRs and securely share them with other
users. Users participate in the blockchain network through the
user registration process, which consists of an identity
registration phase to register the user’s identity and an
authentication phase to obtain security parameters to generate
an encryption key. Figure 3 shows the user registration process
for users to join the blockchain network. In the ID registration
step, the user sends the ID registration request message that
contains the user’s attributes to a CA. The user attributes identify
whether the user is a health worker or a patient. The CA also
uses the user attributes to identify the user’s ID. Once the
identification is complete, if the user is legitimate, the CA
classifies the user type based on the user attributes.
Subsequently, depending on the user type, a user ID is generated
and delivered to the user along with the certificate. Users who
are judged to be not legitimate because their attributes are not
validated will be denied user registration. A user who has
successfully registered an account then sends a message,
including the certificate, to the CA requesting security

parameters to generate the encryption key needed for EMR
sharing. If the certificate is valid, the CA provides the security
parameters to the user. Thus, through the user registration step,
users who join the blockchain network generate a public key
and a private key using the security parameters received from
the CA. First, the user selects a random decimal number

corresponding to x ∈ Z*
q. The selected x is set as the user’s

secret key and is never shared. Next, users generate a public
key for use in the network using their private key and the key
generator. Users who can directly generate the encryption key
that they use for EMR sharing can generate an encryption key
each time an EMR is created, thus protecting the EMR with a
different key each time. Because of the nature of an EMR that
has been used for a long time, the encryption key must be
maintained as is when data are encrypted [62]. However, this
introduces security vulnerabilities, endangering EMR and patient
privacy. To prevent this, in our system, users create the
encryption key themselves, and the existing EMR uploaded to
the IPFS is updated with data encrypted with the new key
through a data version update. Users who successfully register
an account and generate an encryption key can share medical
data through the blockchain network.

Figure 3. Initial phase: the user registration process to participate in the blockchain network.

Phase 1: EMR Upload—Block Generation
When a medical record is generated for treatment, the patient
creates a dedicated encryption key to encrypt their EMR and a
re-encryption key RKPDi to re-encrypt the encrypted EMR. The
re-encryption key is generated using the patient’s private key

and the physician’s public key. At the same time, the patient
creates an AP that defines the level of users who can access the
EMR. Next, the patient sends the dedicated encryption key
RKPDi, the AP, and the user ID, which was created by the patient,
to the physician who provided treatment. Upon receiving the
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message from the patient, the physician encrypts the patient’s
EMR with the patient’s dedicated encryption key. The physician
then uploads the encrypted EMR, CP, to the IPFS and receives
the hash value, hash(CP), of the data the IPFS has stored. Next,
the physician submits the user ID related to the EMR, the
minimum information required to distinguish EMRP, and

hash(CP) to the medical institution to which they belong. Finally,
the medical institution uses the information in the message to
create a transaction and publish it on the blockchain. Figure 4
shows the EMR upload flow diagram of the proposed
blockchain-based PIE system. The method of uploading EMR
information to the blockchain follows algorithm 1 defined in
Textbox 1.

Figure 4. Phase 1: electronic medical record (EMR) upload flowchart of the proposed blockchain-based patient information exchange system. AP:
access policy; DEK: dedicated encryption key; IPFS: InterPlanetary File System.

Textbox 1. Algorithm 1: the electronic medical record upload.

Algorithm 1

• Input: Secret keyPatient, public keyDoctor, dedicated encryption key, user IDPatient, hash(CPatient), and access policy

• Output: Re-encryption key, access policy, summary information from electronic medical record, hash value returned by the InterPlanetary File
System, and transaction

• The patient selects a random security parameter value r to generate a dedicated encryption key for encrypting their electronic medical record.

• The patient uses their secret key SKP and the physician’s public key PKD to generate a re-encryption key RKP→Di for re-encrypting their
EMRP.

• The patient generates an access policy that defines which users can access their electronic medical record.

• The patient transmits the dedicated encryption key, RKP→Di, access policy, and UserIDP to the physician who treated them.

• The physician who receives the dedicated encryption key, RKP→Di, access policy, and UserIDP from the patient encrypts the patient’s
medical record EMRP using the dedicated encryption key.

• The physician uploads the encrypted patient electronic medical record CP to the InterPlanetary File System and receives the hash(Cp), the
hash value of the electronic medical record.

• The physician submits the patient’s ID, summary information from EMRP, and hash value to the hospital.

• The hospital uses the received information to create a transaction and uploads it to the blockchain network.
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Phase 2: EMR Sharing
Users who want to share and use a particular EMR can search
for it on the blockchain through a smart contract and request a
re-encryption key. As the medical field is closely related to
human life, the target and purpose regarding the EMR data must
be legitimate. However, it would be difficult to find the desired
EMR among countless data because it is hidden to protect the
patient’s privacy. Therefore, in the proposed PIE system, smart
contracts are applied so that patients and health care workers
who are users of the blockchain network can perform a quick
and accurate search for the data they want. Moreover, the
efficiency of the EMR-sharing process has been improved by
automating the process of requesting decryption rights after
searching for an EMR. The requester uses summary information
from the EMR and the user ID (the ID of the hospital that
uploaded the data or the patient’s ID) to quickly search for a
transaction containing the information of the desired EMR.
Then, the requester downloads the encrypted EMR from the
IPFS using the acquired transaction information. As the
downloaded EMR is encrypted with a dedicated encryption key,
it must be decrypted using the patient’s private key or
re-encrypted using the re-encryption key before using it.
However, because sharing the patient’s private key is very
dangerous, the requester must send a message to the patient
requesting a re-encryption key for re-encryption. The message

requesting the re-encryption key goes through the user
verification process of the access check contract. Initially, the
user verification process checks whether the requester’s security
level satisfies the patient’s EMR AP. When it is confirmed that
the user has met the required security level, a message requesting
a re-encryption key is sent to the patient, the owner of the EMR.
Upon receiving the message requesting the re-encryption key,
the patient sends RKPRequester to the requester. If a patient cannot
issue a re-encryption key because they have been incapacitated
by a serious illness such as acute stroke, the physician
participating in the EMR generation can temporarily issue a
re-encryption key according to the emergency event procedure.
The requester who receives RKPRequester can re-encrypt CP and
then decrypt with their private key. The EMR-sharing procedure
is performed in the order specified in Textbox 2. The
EMR-sharing flowchart of the proposed blockchain-based PIE
system is illustrated in Figure 5. The biggest advantage of using
PRE technology for medical data security is that users can
decrypt a downloaded EMR encrypted with their key without
the patient’s private key. Therefore, it minimizes the threat of
leakage of the patient’s private key and information. Moreover,
the proposed re-encryption technology–based medical data
encryption method can satisfy the medical field’s requirements
for sharing medical data while protecting the medical data from
other eyes when sharing the EMR. Figure 5 shows the
EMR-sharing procedure in the proposed PIE system.

Textbox 2. Algorithm 2: electronic medical record sharing.

Algorithm 2

• Input: Summary information from the electronic medical record, user ID, and user’s security level

• Output: Re-encrypted electronic medical record Cd and RKP→Requester

• The physician executes a smart contract for electronic medical record retrieval to find a transaction containing the information of the desired
electronic medical record.

• The smart contract uses the user ID or the electronic medical record’s summarized information to find a transaction containing the desired
information and returns it.

• The physician who receives the transaction information downloads the encrypted electronic medical record CP from the InterPlanetary File
System using the hash value contained in the transaction.

• The physician executes the re-encryption key request smart contract to request the key RKEMRP for re-encryption from the patient who is
the owner of the encrypted electronic medical record.

• The smart contract for requesting the re-encryption key performs a user authentication step to verify that the security level submitted by the
user who requested the message transmission satisfies the access policy set by the patient.

• If the security level of the user requesting the re-encryption key satisfies the access policy, the smart contract sends a message requesting
the re-encryption key to the patient (if the user’s security level does not meet the criteria, the request is denied).

• The patient who receives the message requesting the re-encryption key generates RKP→Requester using the requester’s public key and send
it to the requester.

• The physician receiving RKP→Requester uses it to re-encrypt CP into CD.

• The physician uses their private key to decrypt CD to obtain the original EMRP.
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Figure 5. Phase 2: electronic medical record (EMR)–sharing process flowchart of the patient information exchange system. (A) EMR-sharing process
in the general case where the patient controls the re-encryption key, (B) EMR-sharing process in emergencies where the patient has no control over the
re-encryption key IPFS: InterPlanetary File System; PK: public key.

Results

Simulation Design
A simulation was designed to verify that the proposed
blockchain-based medical system sufficiently reflects the
medical field’s requirements and enables safe data sharing. We
simulated the process of sharing encrypted EMRs over a

blockchain network. In the EMR-sharing process of uploading
and downloading EMRs over the network, we checked the effect
of the time taken to process the data and the size of the data
shared on the system’s performance. Moreover, the performance
of the proposed smart contract–based re-encryption key–sharing
method was verified by measuring the execution time of the
smart contract. This paper does not cover improvements to the
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consensus process performed on the blockchain network;
therefore, the improvements were not evaluated.

The test environment was designed based on the data-sharing
process defined in the Methods section. The simulation consisted
of 2 physicians, a patient, a medical consortium, and a public
IPFS network participating in the blockchain network as the
minimum unit for sharing an EMR. Entities on the network
were classified into two categories: a host operating a blockchain
network and a guest operating on the network. All processes in
the proposed system can be viewed as interactions among guests.
In the test environment, there was a consortium to which many
hospitals belonged, and each hospital had a Flask server with
a different port. The code of the software development kit used
to implement the blockchain network is Node.js. The host
computer was a PC running Windows 10 Pro 64x (Microsoft
Corp) in a wired environment, with 32 GB memory and Intel

Core i7-10700K central processing unit at 3.80 GHz. The guest
computer was a PC running Ubuntu 18.0.4 64x (Canonical) in
a wired environment, with 10 GB memory and Intel Core
i7-10700K central processing unit at 3.80 GHz. The
communication rates considered were the download and upload
rates in megabits per second: host upload and download rates
and guest upload and download rates.

The simulation was performed on 1 PC to directly compare the
host’s and guest’s processing times. Blockchain implementation
was performed using Hyperledger 2.3.1 [63]; Apache CouchDB
[64] was the state database. The network consisted of 4 orderer
nodes, 3 organizations, 2 peer nodes for each organization, and
1 channel. The chain code for smart contracts used Go. Table
7 shows the parameters used for the proposed PIE system
simulation.

Table 7. Simulation parameters.

ValuesParameters

0.4 kB, 1 MB, 10 MB, 100 MB, and 1 GBData size

CSV (text) and DICOMa (images and videos)Data type

4Number of orderer nodes

3Number of organizations

6Number of peer nodes

1Number of channels

100 MbpsData rate

1 MBBlock size

2 secondsBlock timeout

Apache CouchDBDatabase

aDICOM: Digital Imaging and Communications in Medicine.

Simulation Results
To evaluate the performance of the proposed PIE system, we
measured the time required for the EMR-sharing process and
the execution time of the smart contract for re-encryption key
sharing. The EMR-sharing process was divided into upload and
download processes, and the time taken to perform each process
was measured. The execution time of the EMR upload process
was defined as the time taken to upload the EMR to the IPFS
and post the returned EMR hash value to the blockchain. The
execution time of the EMR download process was a measure
of how long it took users to download the EMR over the IPFS.
Considering the characteristics of an EMR that supports various
types of data, the simulation was performed using various data,
ranging from text format (0.4 kB) to medical images (1 GB).
The simulation measured only the time required in the
communication process for exchanging data among users and
did not consider the impact on the process of the data encryption
and decryption operations. To objectively evaluate the
performance of the proposed system, we performed a
comparative analysis with existing blockchain-based medical
information exchange systems. Simulations were performed for
three types of systems (an on-chain–based system designed for
cryptocurrency, an Ethereum-based system using the IPFS, and

a PIE system); the results of the simulations for the EMR upload
process are shown in Multimedia Appendix 2 [47,48].

Through the EMR upload simulation it was confirmed that the
larger the data to be uploaded, the longer it takes; the larger the
amount of data to be uploaded, the higher the required data rate.
As a result, the processing time increased dramatically for data
that exceeded the acceptable data rate (100 Mbps) in the
simulation environment. In an on-chain–based system that stores
data in the original form in blocks, the size of data that can be
uploaded is limited to 1 MB, which is the maximum size of the
block; therefore, there is no simulation result for data beyond
that size. Most of the time taken to upload an EMR was when
a query request needed to be made to the blockchain network,
which took an average of 2.1 (SD 0.0343) seconds. The actual
time taken to upload an EMR to the IPFS increased depending
on the size of the data, but it was very short. A graph of the time
it takes to upload EMR to IPFS can be found in Multimedia
Appendix 3. The time required to upload data that ranged from
0.4 kB to 100 MB was relatively short compared with the query
request time; therefore, it did not significantly affect the overall
EMR upload time. Again, when uploading data that ranged from
0.4 kB to 100 MB, the overall EMR upload time was comparable
with the query request time (average of 2.1 seconds, SD value
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= 0.2947). However, when uploading >500 MB of data, the
time taken to upload the EMR to the IPFS was longer than the
query request time, which affected the overall EMR upload
time. Uploading 500 MB and 1 GB of data took an average of
4.5 (SD 0.1329) seconds and 5.7 (SD 0.21) seconds,
respectively, for the Ethereum-based system and the proposed
PIE system. The PIE system and the Ethereum-based system
showed similar performance in that the EMR was distributed
and shared using the IPFS. However, in the Ethereum-based
system, there is a problem: to decrypt the shared medical data,
the patient’s private key needs to be shared or the patient needs
to directly decrypt the shared medical data. This gives rise to a
fatal security problem: the patient’s private key and EMR can
be leaked directly to others. In contrast, the PIE system prevents
the leakage of the patient’s private key and EMR by using a
re-encryption scheme and enables users who have shared their
EMRs to decrypt them smoothly, providing high security along
with the same performance as that of the Ethereum-based
system. Uploading the actual EMR to the IPFS and sharing it
through a decentralized technique has 3 important implications
in a blockchain-based medical data system. First, medical data
can be shared without capacity limitation through a peer-to-peer
network. This advantage can thus alleviate the problem of low
processing efficiency and data scalability because of the
blockchain’s limited block capacity. Second, by storing the hash
value, which is the unique address value of the data, it is possible
to reduce the blockchain’s storage burden and solve the EMR
reduced redundancy storage problem. When sharing an EMR,
the PIE system reduces the burden on the nodes and allows data
to be shared faster. The distributed data-sharing method using
the IPFS determines the performance according to the number
of users sharing data, showing higher performance as the number
of users increases. Therefore, EMR sharing using the distributed
data-sharing method is effective for the medical system because
it can share data faster while reducing the burden on the node.
However, the data-sharing method using the IPFS has a problem
in that there must be at least one node that stores the data to be
shared in the IPFS network. If the data are not stored (pinned)
on the IPFS network, the shared system can fail. To prevent
this, the hospital that created the EMR needs countermeasures
such as storing data in a local database in preparation for the
worst-case scenario after uploading.

The simulation results for downloading the EMR posted on the
blockchain are presented in Multimedia Appendix 4 [47,48].
The simulations we conducted used various data sizes ranging
from 0.4 kB to 1 GB. The IPFS used in the simulations is an
open network, with a variable number of users participating in
data-sharing operations. Therefore, even with a blockchain
system using the same IPFS, differences in performance may
occur depending on the number of users participating in the
network. The Ethereum-based blockchain system [48] and the
PIE system we propose use the IPFS to alleviate the
blockchain’s scalability problem. However, there is a big
difference between the 2 models in the pieces of information
they store. In the model proposed in the study by Wu and Du
[48], only the detailed information of the EMR is stored,
whereas in the PIE system we propose, the original EMR is
stored as is. Storing the original data of the EMR generated in
the medical process can ensure the integrity of medical data and

increase its usability in medical systems. The simulation results
show the difference in performance between storing only the
detailed information of the EMR and storing the original EMR
as is. Even considering that the performance of the IPFS may
fluctuate depending on the number of participating users, it
takes less time to download the original EMR than it takes to
download the details of the EMR. These results mean that the
proposed PIE system provides higher scalability in that it can
provide the original EMR to users more quickly. The average
time taken to download 1 MB of medical data encrypted using
the unique address value of the medical data uploaded to the
IPFS in the proposed PIE system is 0.01014 (SD 0.0028)
seconds. This is approximately 5.5 times faster than the average
download time of 0.0562 (SD 0.0052) seconds taken by the
on-chain–based blockchain model without the IPFS. Existing
blockchain systems that publish and share data without using
the IPFS increase the burden and have limitations in scalability
as the size of the data to be shared increases. However, there is
no limit to the size of the EMR posted on the blockchain in the
proposed method, ensuring high scalability and higher
processing performance than that of existing systems. Therefore,
for medical systems that need to share medical data, it is more
effective to use the distributed data-sharing method.

We performed a simulation of the smart contract–based
re-encryption key–sharing process. The re-encryption
key–sharing process verifies the user requesting the
re-encryption key to use the patient’s EMR and passes the
re-encryption key to the user. The user who receives the
re-encryption key performs the re-encryption process and finally
decrypts the encrypted EMR using their private key to use the
patient’s EMR. A graph of the smart contract simulation results
for re-encryption key sharing is in Multimedia Appendix 5. The
simulation was performed with 4000 epochs, and the quarterly
smart contract execution time and average time required are
presented. As the re-encryption process and decryption process
are performed by the user alone, they are not included in the
smart contract’s execution time for sharing the re-encryption
key. The average time taken to verify a user requesting a
re-encryption key to use the patient’s EMR and grant decryption
rights to an authorized user is 3.3543 (SD 0.4959) seconds. The
data security process using the re-encryption method effectively
protects medical data; in addition, it can provide convenience
to users while protecting data from various security threats. The
simulation results confirmed that the proposed PIE system
provides higher scalability and stronger security performance
than existing blockchain-based medical systems.

Security Analysis
In this section, we will check how the proposed PIE system
effectively responds to security threats and analyze whether it
is possible to share secure medical data using the proposed PIE
system.

Strong Privacy Preservation
When medical data are shared using a network, an external
attacker can obtain the medical data through a sniffing or
eavesdropping attack. If medical data are leaked, the patient’s
privacy in the EMR is also exposed. In the proposed PIE system,
medical data are encrypted using the dedicated encryption key
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for the safe sharing of medical data. As encrypted medical data
can only be decrypted by the patient or by a user approved by
the patient, the information in the data is not exposed even if
the data are stolen. By granting data decryption authority using
the PRE technique, the user approved by the patient can decrypt
the data using their private key during the data decryption step.
The proposed EMR-sharing method prevents the leakage of
private information during the EMR-sharing process and ensures
safety by eliminating the private key–exchange process for data
decryption. If an internal attacker attempts unauthorized access
to the patient’s information, in our proposed system, Smart
contractRKrequest verifies the requester’s security level and accepts
or declines the request depending on the AP set by the patient.
The access control scheme using a smart contract can protect
the patient’s privacy from internal threats.

Data Integrity
The internal attacker can perform forgery attacks by accessing
the medical data that medical institutions manage independently.
If the original data stored at a medical institution are damaged,
it is difficult to recover the data; moreover, it is also significantly
challenging to determine whether the data have been forged or
altered. These attacks can be effectively prevented by storing
and managing EMR-related information such as the hash value
of medical data, publicly available medical information, and
hospital ID in the blockchain. As the EMR information recorded
on the blockchain contains the information at the time of
creation, it is easy to check whether the data are damaged. If
the data are damaged, they can be quickly restored using the
distributed data-sharing method. For an attacker to forge the
data stored in the blockchain, they must possess the mighty hash
computation power of more than 50% of the entire network and
create new blocks faster than other honest nodes propagate them
to the network. As meeting the necessary conditions to forge
blockchain data is challenging, attackers cannot delete or modify
data. Therefore, using a blockchain-based medical system
ensures medical data integrity and reliability, thereby enabling
safe medical data management and sharing.

Network Security
The external attacker can perform denial-of-service attacks on
the PIE system. As a result, the system’s operation becomes
abnormal and it produces unexpected outputs. The system we
propose is directly or indirectly related to patients’ lives;
therefore, high availability is important. Hence, we use
distributed systems such as a medical consortium blockchain
and the IPFS. If the attacker breaks down the sharing system,
patients cannot share their medical data and physicians or health
care providers cannot obtain the required information. However,
in the proposed sharing scheme based on blockchain, if the
attacker makes a few of the blockchain nodes unavailable, the
other nodes can provide the needed services.

Discussion

Principal Findings
The study’s principal findings concern implementing integrated
management of fragmented EMRs, preventing leakage of
personal information of patients during the EMR-sharing

process, and establishing a patient-centered medical data system
by granting decryption authority, as outlined in the following
list:

1. We designed a blockchain-based PIE medical system that
effectively manages and shares medical data. EMRs
generated by different medical institutions are managed
through a blockchain network to prevent the fragmentation
of medical data. Moreover, through the PIE system,
duplicate EMRs can be avoided, reducing the cost and
wastage of storage space.

2. The PIE system encrypts the patient’s medical data and
uploads and shares the encrypted EMR and data
identification parameters to the network with minimal
medical information. Thus, the proposed method
fundamentally overcomes the problem of possible leakage
of personal data when the data are posted on the blockchain
for sharing with other network members. Therefore, privacy
preservation required in a system handling sensitive EMR
information is guaranteed, making safe EMR management
and sharing possible.

3. Our system reinforces the patient’s role in the medical
system by allowing them to grant decryption rights to their
data to other users using re-encryption techniques. If other
users (eg, physicians or researchers) wish to use a patient’s
EMR data, they must obtain a re-encryption key and
re-encrypt the EMR data. Building a patient-centered
medical data system differs from the existing
hospital-centered medical data system in that the patient’s
role is reinforced in our system.

Limitations and Future Work
Blockchain-based medical systems receive considerable
attention as next-generation medical systems that will replace
existing medical data management systems, and numerous
researchers are conducting various studies. However,
blockchain-based medical systems’ technological maturity
remains at the prototype level. Moreover, as the medical data
formats used by different countries or institutions vary
considerably, it is challenging to share the medical data.
Consequently, research into standardized medical data formats
such as the Health Level 7 Fast Healthcare Interoperability
Resources [65] is required. To successfully create the
next-generation medical environment through a
blockchain-based medical system, various and complex issues
such as backlash from the medical field, legal ramifications
related to medical care, technical limitations, and data standards
must be addressed [66,67]. We aim to conduct research on
public medical data systems that enable safe sharing of medical
data in public networks as well as data security techniques so
that EMRs can be used in more diverse fields in the future [68].

Conclusions
This paper presented the PIE system based on a consortium
blockchain that allows patients to manage their medical data.
The PIE system can securely manage and share EMRs by
overcoming the existing blockchain-based medical system’s
problems. The PIE system uses a distributed data-sharing
method and lightweight transaction structure to solve scalability
and privacy issues, a chronic problem of blockchain-based
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medical systems. By rapidly sharing large-capacity data such
as medical images using a distributed data-sharing method, the
issues of low processing speed and block sizes of existing
blockchains are addressed. Lightweight transactions can store
more information in blocks because they contain only minimal
information, such as the encrypted EMR metadata and EMR
summary information. The vast amount of medical data
generated daily is effectively processed and managed using a
lightweight transaction structure. The re-encryption–based data
encryption method is used to resolve the problem of leakage of
data and personal information when sharing EMRs. Even if the
EMR encrypted with the dedicated encryption key is leaked

during the sharing process, it cannot be decrypted; therefore, it
is safe from the threat of leakage. Honest users wishing to use
the patient’s data can re-encrypt the EMR by obtaining a
re-encryption key from the patient. The EMR-sharing process
was performed using smart contracts. Security level–based
access control was performed using smart contracts to prevent
unauthorized users from using medical data, and re-encryption
keys were delivered only to authorized users. As a result, the
proposed blockchain-based medical system provides improved
security and scalability, enabling efficient and safe medical data
sharing.
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Abstract

Background: Recent advancements in digital pathology resulting from advances in imaging and digitization have increased
the convenience and usability of pathology for disease diagnosis, especially in oncology, urology, and gastroenteric diagnosis.
However, despite the possibilities to include low-cost diagnosis and viable telemedicine, digital pathology is not yet accessible
owing to expensive storage, data security requirements, and network bandwidth limitations to transfer high-resolution images
and associated data. The increase in storage, transmission, and security complexity concerning data collection and diagnosis
makes it even more challenging to use artificial intelligence algorithms for machine-assisted disease diagnosis. We designed and
prototyped a digital pathology system that uses blockchain-based smart contracts using the nonfungible token (NFT) standard
and the Interplanetary File System for data storage. Our design remediates shortcomings in the existing digital pathology systems
infrastructure, which is centralized. The proposed design is extendable to other fields of medicine that require high-fidelity image
and data storage. Our solution is implemented in data systems that can improve access quality of care and reduce the cost of
access to specialized pathological diagnosis, reducing cycle times for diagnosis.

Objective: The main objectives of this study are to highlight the issues in digital pathology and suggest that a software
architecture–based blockchain and the Interplanetary File System create a low-cost data storage and transmission technology.

Methods: We used the design science research method consisting of 6 stages to inform our design overall. We innovated over
existing public-private designs for blockchains but using a 2-layered approach that separates actual file storage from metadata
and data persistence.

Results: Here, we identified key challenges to adopting digital pathology, including challenges concerning long-term storage
and the transmission of information. Next, using accepted frameworks in NFT-based intelligent contracts and recent innovations
in distributed secure storage, we proposed a decentralized, secure, and privacy-preserving digital pathology system. Our design
and prototype implementation using Solidity, web3.js, Ethereum, and node.js helped us address several challenges facing digital
pathology. We demonstrated how our solution, which combines NFT smart contract standard with persistent decentralized file
storage, solves most of the challenges of digital pathology and sets the stage for reducing costs and improving patient care and
speed of diagnosis.

Conclusions: We identified technical limitations that increase costs and reduce the mass adoption of digital pathology. We
presented several design innovations using NFT decentralized storage standards to prototype a system. We also presented the
implementation details of a unique security architecture for a digital pathology system. We illustrated how this design can overcome
privacy, security, network-based storage, and data transmission limitations. We illustrated how improving these factors sets the
stage for improving data quality and standardized application of machine learning and artificial intelligence to such data.
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Introduction

Background
Digital pathology, a subfield of pathology, deals with
information management enabled by digital technologies such
as high-resolution imaging, computer storage, and network
connectivity [1,2]. In digital pathology, the information
generated from digitizing slides containing microscopic images
of biological samples is shared over a computer network, with
the expectation of faster diagnosis and remote access to medical
experts. Digital pathology has several advantages over
conventional pathology, which bases diagnosis on glass slides
and microscopic examination of images on slides [3]. In digital
pathology, extremely high-resolution images enable physicians
to tag, expand, share, and analyze specific sections of the image
slides to diagnose a disease. More recently, the deployment of
deep learning algorithms to recognize patterns in high-resolution
digital images has been shown to reduce the time taken to
diagnose particular diseases [3,4]. Digital pathology also allows
pathologists and referring physicians to share data with other
experts in clinical diagnostics to concur concerning diagnosis
and treatment pathways for specific diseases. As an example,
trained superspecialists in oncological pathology, such as the
coauthor (SS) of this paper, can provide a very detailed clinical
diagnosis of the specific type of cancer, the rate of spread, the
speed of spread, the stage, and the types of cells and tissues
affected by detailed examination of slides.

Furthermore, the slides and diagnosis can be shared with other
senior experts to confirm the diagnosis. These specialists can
further suggest and approve treatments for the patients, thus
reducing cycle time and improving diagnosis accuracy through

telediagnosis [5]. Thus, digital pathology can provide an
accurate, timely, and concise diagnosis of the disease while
providing the ability to share such diagnoses with other
specialists.

Digital pathology uses technology that includes high-resolution
remote and internet-based microscopy and high-resolution scans
of glass slides, which can have multiple advantages. First, digital
pathology benefits patients in locations where access to medical
care is challenging and where the number of clinicians,
physicians, qualified pathologists, and hospital systems are
scarce [6]. Second, digitizing images at high resolution provides
physicians and specialists with ease of use, thereby reducing
the use of a microscope. However, they can view high-resolution
images on a computer screen, thus reducing fatigue to the eye
[1,7]. Third, physicians and doctors can focus on specific areas
of the digital image by using input-output devices such as
keyboards, mice, and digital pencils to write notes on specific
areas of the images. Figure 1 shows the images and magnified
sections of imaged slides that pathologists use to diagnose the
medical condition. Fourth, physicians can share such data with
other experts or senior practitioners in the field, who can later
arrive at a consensus concerning the diagnosis about the progress
of disease and recommend treatment pathways for patients.
Owing to these advantages of personal ease of use and
shareability, the role of digital pathology in providing timely,
accurate, and concise prognosis and pathways to clinical
recovery has been recognized by the medical fraternity. Hospital
systems are slowly transitioning to a fully digital diagnosis
mode, reducing physical storage requirements for glass slides
and partially automating the transmission, attainment of
agreement among experts, and treatment pathway
recommendations for patients [5].

Figure 1. An illustration of a digital pathology image from a slide used in an actual diagnosis by the coauthor (SS). The image is from a high-resolution
microscopic scan and digitized slide that is presented to the clinical pathologist on a computer screen for further diagnosis.
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Infrastructure Challenges for Digital Pathology
However, there are several challenges with the adoption of
digital pathology to make it widely accessible. These challenges
relate to the transmission, storage, retrieval, and uniform clinical
diagnosis using algorithms from slide or slides and image or
images derived from tissue and biosample scans. Digital image
scans are made possible by remote and internet-based
microscopy or through a high-resolution scan of microscopic
slides into images of much higher resolution (100,000 dpi to
1,000,000 dpi). Such scanned images also require
high-resolution storage, for the data not to be compressed. While
transmitting such high-resolution images, transmission could
lead to data loss if images are compressed and decompressed,
potentially affecting the consensus for diagnosis across the
network. Compression and decompression of data lead to loss
of information, which can potentially lead to an inaccurate
diagnosis or inaccurate data training from these samples [8]. In
addition, inaccurate images and matched diagnoses create flawed
training data sets, reducing the prediction accuracy when deep
learning models are applied to such data sets. Although
network-attached storage, cloud-based storage, commercial
databases, and workflow systems such as enterprise resource
planning frameworks are plausible solutions to accomplish
security and transmissibility of related data (ie, image scans or
diagnoses), these centralized software systems are expensive
to own and increase the total cost of ownership for pathological
systems, which makes disease diagnoses via pathology
unaffordable [6].

In centralized systems, the cloud provider or database network
administrator controls the security of the network and patient
data. Such centralized data control could often violate patient
privacy and be susceptible to security breaches, ransomware
attacks, and other data security problems. As a result, both the
storage and network-based transmission of such high-resolution
images are challenging. Second, obtaining the necessary audit
or data transmission logs of such algorithms is difficult in
centralized systems, which are database-centric and often need
to interface between different hospital and clinical systems
managed by different entities [9,10]. Third, although most
research in the digital pathology area has automated deep
learning techniques for pattern recognition with images, such
application of algorithms will only fructify when a sufficient
corpus of images combined with human-expert classification
or training is present. Specialized diagnosis required to detect
rare diseases such as sickle cell disease or certain types of cancer
such as bone marrow cancer makes it increasingly challenging
to obtain large training samples of digital images in
high-resolution biosamples with human classification. A
decentralized, secure, and standardized storage of
high-resolution images and appropriate expert classification of
such data that includes specific sections of tissue scans,
physically marked and noted with the clinical disease diagnosis,
can potentially solve this problem. Such uniform storage of
images, diagnoses, and associated metadata information such
as sections of the images, which help physicians diagnose the
disease, is essential. Such data can lead to the creation of a
proper training data set for deep learning, which can enhance
the capabilities of automated disease diagnosis in the future.

The fields of artificial intelligence and machine learning, such
as deep learning, are applied to remote and internet-based
microscopy–derived images, using high-quality training samples,
wherein the trained models can aid in faster diagnosis [1,3,4,11].
Such machine-assisted diagnoses can aid physicians by
complementing their knowledge through pattern detection.

This paper highlights the challenges in digital pathology
associated with secure data storage, secure data transmission,
data privacy, and storage and transmission of high-resolution
images and associated diagnosis from physicians. Furthermore,
we propose a unique design with smart contracts and the
Ethereum blockchain, which uses the Ethereum Request for
Comments (ERC)-721 standard to store and transmit images
while tracking ownership [12]. We propose an innovative
decentralized storage and encryption scheme separate from the
public blockchain [13]. We also document how these challenges
can be overcome. We outline why and how such a design using
smart contracts and blockchains can overcome issues in training
accuracy using machine learning and artificial intelligence
techniques for pattern detection from slides with a higher image
resolution.

Advantages of Digital Pathology
The primary responsibility of practicing pathologists is to
maintain the confidentiality of patient data and diagnoses. In
digital pathology, it is a typical pattern that multiple pathologists
and diagnostic programs have access to the data uploaded from
one of the following sources: (1) high-resolution tissue
photography, (2) scanned slides that constitute images from
microscopes, or (3) remote and internet-based microscopes that
image human tissue samples and store and transmit these
images. The patient’s medical record and diagnosis should be
shared with those with the right to know. Data stored are
expected to adhere to laws such as Health Insurance Portability
and Accountability Act and General Data Protection Regulation.
Similarly, only the pathologist who accesses the digital
pathology platform should view these high-resolution images,
make modifications, and make a diagnosis. Although
pathologists and other specialists can access these images and
slides on a case-by-case basis, the primary owner of the data is
the patient. The patient can choose to remove access to the
physician, or the hospital system might invalidate the data access
after a legally mandated time frame (eg, 3 years).

In addition, these images should be stored only for an extended
period, as mandated by law, and retrieved cost-effectively for
purposes such as reference [5]. As discussed in the previous
section, these high-resolution images will require significant
storage and secure high-bandwidth transmission to transfer
images, diagnoses, and audit logs. If these conditions are not
met, digital pathology costs will become financially unviable
to adopt and use for diagnosis. In the long term, storage
requirements and cost reduction are essential for pathologists
to ensure data accuracy, privacy, and access control [9,10].
Long-term storage costs, the transmission of high-resolution
images about digital pathology to different owners on the
network, and the high costs associated with the security, privacy,
and auditability of such data create 3 main issues for the success
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of digital pathology as an effective practice. The challenges in
digital pathology are summarized in Figure 2.

In digital pathology, the image resolution of slides containing
images of tissues or other human body samples such as blood
vessels is comparatively high. It often ranges between 1× and
400× of slides obtained using traditional microscopy in
nondigital pathology [14]. The advantage of such platforms is
that multiple pathologists can simultaneously access the slide
if they have the corresponding software and authorized access
to the slides. In addition, pathologists can share independent
diagnoses on the web after analyzing these images. As a result,
significant time is saved in prognosis or diagnosis and the
treatment compared with scenarios where microscopic glass
slides would have to be transported physically. A second or
third opinion must be obtained to draw a fail-safe conclusion
if the severity of the disease is high, in which case reports,
images, and other patient data must be shared by maintaining
the privacy and patient confidentiality protocols.

Artificial intelligence algorithms can aid physicians in detecting
patterns from images, especially in pathology, where cancer
growth creates patterns in body tissues. Deep learning models
can be trained with sufficient samples to detect and code sections
of images with a specific diagnosis [3,11]. Such models can
recognize patterns of spread, the spread stage, and the spread
level in cancerous cells after appropriate training from a large
corpus of samples that physicians have accurately classified. In
addition, prognostic factors that can aid in treatment can be
determined. Although storing and documenting preliminary
case data for human diagnosis is equally important, such data
can later be used downstream as inputs to training and
classification algorithms to automate the detection and diagnosis
of pathological conditions. The use of deep learning algorithms

such as convolutional neural networks and recurrent neural
networks combined with support from graphical processing
units offered by NVIDIA and AMD provides significant strength
to such automated analysis [3,11]. Often, such trained algorithms
have lower accuracy than required because of the uniqueness
of individual cases. If irregular patterns do not fit into the
diagnosis, then such cases have to be manually studied, and
such cases could be labeled independently as a rare possibility.

The goal of such a digital pathology could evolve to enable
automatic diagnosis through the accrual of a proper training
data set and human classification algorithms. When such data
sets become available and deep learning algorithms are trained
appropriately on human-classified data, the time to diagnosis
will naturally decrease. In addition, data from digital pathology
can be used for multiple purposes such as teaching, research,
and continuing medical education seminars. Here, data retrieval
is fast; access is provided on a distributed platform that caters
to both privacy and security, and search and retrieval and display
of data in the digital formats used in traditional pathology is
proper. Figure 3 shows a sequence diagram that captures a
typical pathology workflow for diagnosing a patient’s condition
using digital pathology.

Pathologists can choose to expand and focus on certain sections
of the slides at a higher resolution to diagnose the disease
involved and create notes on these slides by annotating sections
of the scanned images. Later, multiple pathologists or other
specialists can view the same slides to create a diagnosis and
discuss treatment pathways. These modified slides with
annotations from experts are stored back in the centralized
system for retrieval and use, in other cases, for research or
teaching purposes.

Figure 2. Technical challenges in digital pathology.
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Figure 3. Workflow of digital pathology system.

Blockchains, Nonfungible Tokens, and Decentralized
Storage (Interplanetary File System) Applied to Health
Care
Blockchains address the challenges of system interoperability,
security, privacy, nonrepudiation, storage persistence,
decentralized storage, decentralized validation of transactions,
and accessibility for all data [13]. Before the advent of
blockchains, anonymized and privacy-controlled single point
of access for multiple data sources was provided for each user.
Similarly, assuring privacy and user-controlled data and tracing
or auditing data transmission records was difficult because the
data resided in private centrally controlled repositories. Such
data repositories are administered by a central administrator,
who is often the single weak link for ensuring data security and
privacy. In medical record storage systems, owing to multiple
disparate administration end points involving different
organizations, data are shared among multiple administrators,
creating a weak link for a privacy violation. Because blockchains
remove the need to centralize data storage and control data flow
and modifications, they have several applications in health care
[15]. Blockchains have been shown to provide a cost-effective
and robust decentralized technology for a variety of health care
applications, such as tracking clinical trials [16], enabling tamper
resistance [17] for mobile health data, removing trust
deficiencies during the COVID-19 pandemic [18], and
eliminating substandard drugs from the supply chain [19].

Blockchains have evolved to support programming logic by
including variables and loop structures using high-level
programming languages such as Solidity [20] and a remote and
internet-based machine that interprets and executes the compiled
programs. These programs are compiled and deployed onto
remote and internet-based machines that validate transactional
and semantic logic in programs. Remote and internet-based
machines understand opcodes (or machine-interpretable code),
which are outputs of a compilation of a higher-level
programming language such as Solidity. Examples of
blockchains include Bitcoin (which supports a rudimentary
scripting language), Ethereum, Cardano, and Solana. These
smart contracts enable web- or mobile-based decentralized
applications that interact with the underlying blockchain and
remote and internet-based machine based on user input.

Although blockchains such as Hyperledger, Ethereum, and
Cardano have been shown to support data storage and
programmability of contracts, it remains challenging to ensure
that such data storage can happen cost-effectively on the
blockchain (on-chain storage). The governance structures of
public blockchains require application writers and data creators
to pay a transaction fee, which is often proportional to the
bandwidth and space used on the blockchain.

This is because storing even small amounts of binary data on a
public or private blockchain, that is, on-chain, as a transaction
record would cost several hundred dollars. Although several
papers in the medical informatics field have chosen this costly
approach to store data on the blockchain (or have used a
Hyperledger framework with a private blockchain or a
consortium blockchain to store data), such storage mechanisms
are inefficient for digital pathology, which requires more
extensive storage and other challenges, as shown in Figure 2.

This is because image storage requires large quantities of
cost-effective data storage. Image transmission on the network
with such large images is nearly impossible, given today’s email
client and other networking protocols, such as Simple Mail
Transfer Protocol. The only possible likelihood is to store
images from a local repository that distributes the image onto
a network file storage and makes the file addressable.

Another challenge with such an approach is that the data stored
in the blockchain are public information and can be effectively
downloaded from the remote and internet-based machine by
any user as it is stored. Therefore, unless the stored data are
encrypted in an unidentifiable way using the user identifiers of
both the sender and the recipients, such data are of no use. In
this study, we propose a 2-layer blockchain solution for
nonfungible tokens using the ERC-721 standard for nonfungible
tokens (NFTs) that separate metadata from file storage and
promises authenticity, security, distributed storage, and ease of
use [21]. We use this 2-level architecture that provides
affordability for use cases such as digital pathology, which
requires extremely high-resolution and high-density storage. In
addition, we use an existing well-used standard supported by
sizable open-source marketplaces in the context of digital art
to support all use cases necessary to create a cost-effective
digital pathology system. Such a system will provide traceability
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of each transaction by using transaction records and logs and
cost-effectively enable storage and transmission. We propose
application-level encryption of metadata URI’s stored on-chain
and associated with the nonfungible token. We prototype a
system and demonstrate how such a decentralized workflow for
storage, retrieval, and transmission occurs while catering to
various design requirements for such a system.

Decentralized Data Storage Using the Interplanetary
File System
Although blockchain technology provides several advantages
noted above and health care can be shared efficiently among
peers (hospitals or physicians) in a health care system, there has
never been a justification to store such health care data on-chain
[22]. Particularly in digital pathology, where high-resolution
image scans require significant storage, the feasibility of storing
data on-chain is impossible because of the infrastructure costs
involved in storing, validating, and retrieving such data.
Particularly for mass-adoption blockchains such as Ethereum,
Solana, and ADA, data storage and transaction fees would
significantly exceed the affordability of the digital service
compared with the traditional mechanism of glass slides. A
simple estimate for the Ethereum blockchain stated that it costs
between US $17,000 and US $76,000 to store 1 MB of data
on-chain. In addition, the blockchain does not provide version
control or other features to optimize data storage such as the
Interplanetary File System (IPFS). The operation of the IPFS
for file storage and retrieval is described as follows.

When a file is added to the IPFS, it is split into smaller chunks,
cryptographically hashed, and given a unique fingerprint called
the content identifier (CID). The CID acts as a permanent record
of the file as it currently exists. When other nodes (or a program
using JavaScript Object Notation and Remote Procedure Call)
look up the file using the unique CID, they ask their peer nodes
about storing the content referenced by the file’s CID. The IPFS
provides a mechanism to identify (pin) records to hosts on the
network. If the content is not pinned, it can be deleted to access
the more recently accessed files. Versioning of files is
maintained by creating a new CID because of which files stored
on the IPFS are resistant to tampering and censorship on the
network. The IPFS uses a distributed hash table to identify
addresses and images. The IPFS facilitates the removal of
duplicate files and enables the creation of version-control history
[2]. The IPFS optimizes the storage and retrieval of frequently
accessed files through a cache mechanism, where frequently
accessed files are prioritized using hash tables that rank files
based on their access frequencies. On the IPFS, each file can
be individually accessed with its hash address from the internet;
the IPFS is a content-addressed block storage system with
features such as high throughput, security with hash mapping
of transactions, and concurrent access of files.

NFT Standard for Digital Pathology
The NFT standard is a unique and noninterchangeable unit of
data (or a data pointer) stored on the blockchain. Although other
token standards such as the cryptocurrency token standard
ERC-20 have been popular, the NFT standard authenticates and
associates reproducible digital files such as photos, videos, and
audio on the Ethereum blockchain. The ERC-20 standard is

used to implement the cryptotoken functionality. It is usually
used to create a token for sourcing funding during an initial coin
offer and other such uses, enabling token holders to participate
in blockchain governance. The major feature of ERC-20 is that
it is tradable against any other ETH-compatible token, on crypto
exchanges, or coin-swapping liquidity provider platforms such
as Uniswap. As a result, we have to use the ERC-721 or NFT
standard to implement the image storage, authentication,
ownership, and digital rights in the context of digital pathology.
NFTs use a digital ledger to provide a public certificate of
authenticity or proof of ownership. The NFT standard has wide
adoption for various multimedia-based token creation and has
seen significant adoption among the art collectors. Similarly,
more recent innovations in virtual reality, augmented reality,
and the metaverse have enabled the creation and sale of digital
assets using this standard.

Overall, if we store the characteristics of the image off-chain
on the IPFS (eg, in a metadata file) and have the metadata’s
unique CID referenced on the blockchain and then minted into
an NFT, then it is possible to separate token ownership from
token access. The ownership is documented in the metadata
file, whereas the access is implemented via functions supported
by the ERC-721 standard. This architecture provides us with
the flexibility to enable the separation of ownership of the token
from the access properties. It also enables us to securely transfer
access (or replicate access) after signing the token by the owner,
enables token burn, and assigns access to others. In addition,
such a design enables the process of minting, replication, and
burning of the token. The NFT standard uses these two
technologies, that is, the NFT standard smart contract on the
Ethereum blockchain and the IPFS for decentralized file storage.

The Goal of This Study
In this paper, we analyze the following two research questions
(RQs) using the design science research methodology:

RQ1: How does blockchain-enabled digital pathology improve
data sanctity, privacy, data validity, and cost-effective, secure
network storage?

RQ2: Does such a system design improve physician diagnosis
by reducing the cost of storage, improving security diagnosis
times, and improving machine learning capabilities by
improving the accuracy of data stored?

Methods

Overview
We use the design science research process (DSRP)
methodology used in information systems and computer science
disciplines and expert recommendations. Our solution prototype
proposes an innovative smart contract–based digital pathology
system using public infrastructure to simplify high-resolution
image storage and provide a decentralized, secure, and
privacy-preserving data-sharing solution. Figure 4 shows the
research methodology [23].

DSRP is a well-established research methodology in information
systems, computer science, and information technology
management. It is used mainly to create design-based system
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solutions for practical problems, for which there are no previous
solutions. As the name states, DSRP applies design science to
create a software- or system-based prototype that addresses the
research problem. Using the prototype, researchers validate the
assumptions they made. We use the following steps in DSRP
to implement and test our prototype: First, we describe the
problem and define its importance. The challenges in digital
pathology are described in the Introduction section. We obtain
the problem definition (challenges) from practicing
pathologists—the coauthor (SS) of this paper—through a formal
procedure of requirement gathering. We share a questionnaire
about using the digital pathology system and record how they
faced challenges in day-to-day work. Second, the objectives of
the solution are clarified in terms of the benefits of improving
the quality of care and maintaining accurate data for creating
clean data sets. These questions are documented in Multimedia
Appendix 1. Table 1 defines the key problems that we aim to
address using our solution and the main objectives.

In step 3, we design and implement a proof-of-concept use
principles of systems analysis and design to create a
model-view-controller architecture–based system with
JavaScript, web3.js, node.js, and Ethereum stack combined with
the IPFS for long-term data storage. The following section
describes the creation of the NFT-based IPFS that meets the
various objectives of the solution. We later discuss the
confidentiality requirements and application-level encryption
of metadata files for storage. In the fourth step, we demonstrate
the artifact and the solution prototype. Fifth, we evaluate the
artifact for whether it indeed met all the design objectives for
the problem it indeed set out to solve. Finally, we document the
results of our experiments and describe how our solution benefits
the wider digital pathology community and the contributions
of this study. We also believe that our solution can be
appropriated for other high-density storage requirements in the
medical world.

Figure 4. Diagram represents the steps in the design science research methodology.
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Table 1. Problem definition and objectives.

Objectives of the solutionImportance and business outcomeProblem definition

Evaluation of alternate technologies that provide
such storage; possibly separate the storage from
the data transmission mechanism

Reduce the cost of adoption and utilizationLong-term distributed and cost-effective storage
of high-resolution images, metadata, and diag-
noses provided by multiple users

Mechanism to share data with others through
the internet in a secure way

Improve speed of diagnosis for the diseaseNetwork transmission or the ability to share such
high-resolution images and associated data

Mechanism to prevent unauthorized access of
data

Improve security for all clinical data and provide
access control

Data security

Mechanism to share the data on a need-to-know
basis

Improve the privacy of data in the system such
that only the physician, pathologist, and patient
can access these data

Data privacy

A mechanism to trace how data have been shared
among different users; store of logs should be
perennial

Improve compliance using Health Insurance
Portability and Accountability Act, General
Data Protection Regulation, and privacy laws

Ability to maintain audit data transmission or data
from shared access logs

The mechanism above should have the ability
to be audited, verified, and analyzed by third
parties independent of the system

Better training data can be stored on the network,
and such data can facilitate better machine
learning and artificial intelligence prediction

Ability to maintain accuracy for creating a high-
quality training data set for future application to
artificial intelligence or deep learning models

Network-attached storage costs are reduced for
the solution; telemedicine and remote diagnosis
are enabled easily

Public infrastructure with well-established
cryptographic protocols can enable the solution
to scale significantly; network transmission is
avoided by design

Reduce cost to the patient

Machine-assisted diagnosis is possibleOnce higher accuracy for training data is estab-
lished, the quality of care for the patient would
have improved significantly

Improve the quality of care for the patient

The metadata always explicitly records the
ownership of the digital image by storing the
patient’s pseudonymous information such as ID
or wallet address that are unique to the patient

The pathological data record should explicitly
state that the patient is the data owner, regardless
of other individuals accessing the record

Ability to separate artifact ownership from token
access

This functionality provides the ability to remove
access to specific records and adhere to health
care data storage and retrieval laws

After a prespecified interval, the record should
automatically be burned for all nonowners; those
health care professionals who received the record
should no longer have access to it

Ability to remove access after a prespecified time
interval as per the legal and regulatory conditions

Architecture and Design Components
Figure 5 depicts the software architecture of the decentralized
digital pathology system. The system architecture conforms to

the model-view-controller architecture pattern, and the system’s
main components are described in the next section.

Figure 5. Software architecture of the digital pathology system with blockchain and IPFS used for tokenizing, storing, and sharing access to the digital
outputs of the health care system. IPFS: Interplanetary File System; NFT: nonfungible token.
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Description
We use a model-view-controller software architecture pattern
[24] to prototype the digital pathology system capable of
addressing the requirements described in the Introduction
section. The model stores the data about image scans and uses
the interfaces provided by the view and controllers. Data are
stored on the IPFS [25] and are usually of two types:

1. High-resolution image files about scans and any
modifications made by the pathologist or other
professionals, such as notes and image markings, to identify
specific disease patterns, and

2. The JSON files containing metadata about the scans stored
on the web or the diagnosis provided by the physician.

The IPFS provides a decentralized store for data and is based
on caching data where file access frequency provides users with
performant file storage.

We use Solidity programming language for programming the
smart contract, which runs on the Ethereum test network. We
use several JavaScript toolkits, namely, web3.js, node.js, and
essential libraries associated with HTML5 and bootstrap.css,
to code the front end. For testing the prototype, we used the
Ganache command line toolkit (CLI), the VSCode library
extensions for Solidity and HTML5 and JavaScript, and the
integrated development environment for programming using
Remix smart contract editor. We use the Ethereum Kovan and
Ropsten test networks to implement the prototype and to validate
our solution against the objectives set out in this paper.

The user interface provides a visual interface for physicians,
laboratory technicians, and patients to view the data that they
own or share with their wallets. While physicians, laboratory
technicians, and patients can access the same image addressed
using the CID on the IPFS, the main controlling file is the JSON,
which interacts with the smart contract infrastructure and mints
the token. The address stored (ie, the CID of the JSON file that
contains metadata about the image or diagnosis) in the minted
token is hidden from public access by encrypting the CID with
the user’s keys. The security aspects of the proposed system are
described in the following section. The user interface then
interacts with a controller consisting of a series of smart contract
methods that mint new tokens, transfer tokens from the
laboratory technician to the physician and from one physician
to another using the NFT protocol, and so on. The decentralized
application is responsible for creating newer images and minting
the NFTs, which can potentially generate notes from physicians,
clinical pathologists, or patients to enable data to be stored
within the IPFS. This data model is described in the JSON file
and indicates the different types of files used by such a system.

Because the IPFS stores each image file separately (as a unique
addressable and unalterable hash), a JSON schema file similar
to code listing 1 (Multimedia Appendix 2) creates a JSON file
that contains the address for the CID for each NFT. Each time
a new file is added, a new JSON metadata file is generated and
stored within the IPFS. As a caveat, although the IPFS is a
public infrastructure consisting of thousands of nodes from
voluntary contributors, token-based decentralized storage
mechanisms such as FileCoin and Storj are also available,

providing decentralized storage and enabling application
developers to access guaranteed distributed storage on the
network. Both Storj and FileCoin incentivize users to participate
in decentralized file storage by rewarding contributors with
cryptocurrency. The price for Storj is approximately US $4 per
month for 1-TB storage and US $7 per month per TB of
bandwidth, which is lower than most other web hosting or cloud
service provider costs, thereby reducing storage and network
transmission costs for high-resolution images.

From code listing 1, that is, the JSON metadata file, we obtain
a unique CID that addresses each image location along with the
pseudoidentity of the owner of the image in the form of the
owner’s name and wallet ID. This information is unique and
used to separate ownership from access rights. The blockchain
provides the encryption and security for this JSON metadata
file of the images used in the data set.

The CID of the metadata file is used as the input to the NFT
mint (ERC-721) and provides the originator of the file access
to this token. This token can then be transferred to other
individuals on the network by simply using their wallet
addresses. Every JSON metadata file associated with the record
should contain the owner name and ID, and the patient’s public
wallet address that uniquely identifies the patient. When the
metadata file must be shared among multiple people, the sender
will have to mint multiple tokens with separate metadata files
(CIDs) to transfer the token to other individuals. However, the
base file will remain the same, and the image data file is
referenced in each JSON file independently. The source code
for minting the NFT in Solidity is listed in code listing 2
(Multimedia Appendix 2).

The original NFT can be transferred by sending the token to
the recipient’s wallet address using the SafeTransfer function
described in code listing 3 (Multimedia Appendix 2).

Decentralized Application Functions to Mint, Store,
Transfer Ownership of, and Expire (Burn) the Token
In the decentralized app, we use the smart contract code of the
NFT standard (ERC-721) to mint an NFT on the Ethereum
network and use the JSON file’s IPFS URL (code listing 4 in
Multimedia Appendix 2). The web interface invokes the smart
contract from the Ethereum remote and internet-based machine
to transfer the token from the source address to the destination
address. Further, we transfer the token ownership to a receiver’s
blockchain wallet. This mechanism ensures that only the NFT
owner has access to the JSON metadata file, which points to
the IPFS URI of the pathological image sample. Further, the
web interface allows us to create new files for diagnosis, upload
new image files, mint new NFTs, and transfer ownership of
NFTs, all of which originate and require the user to access a
cryptocurrency wallet such as MetaMask. Once the user signs
into the wallet, the wallet provides multilayer security for
accessing original content stored within the IPFS and access
the application. Within each wallet is access to the NFT for
which the current wallet has ownership. The NFT will contain
a unique CID for the JSON metadata file, containing further
pointers to scanned images, diagnostics from physicians, and
prescriptions. Code listing 3 shows how the NFT is minted
based on the user input.
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Code listing 5 (Multimedia Appendix 2) shows how to access
the smart contract on the remote and internet-based machine
from the front-end JavaScript of the decentralized application.
We use Ethereum events and event listeners within the web3.js
implementation standard to invoke the mint functionality of the
smart contract. Code listing 5 shows that MintURI is the
JavaScript function that captures and returns the token ID once
the token is minted. MintURI retrieves the token ID and
associates the token ID to the IPFS CID of the JSON file, which
contains the metadata (as described in code listing 1).

Regarding privacy of data, this CID can be encrypted by a key
pair stored in the wallet by the application when minting to give
only the owner access to the URI where the JSON file is stored.

Transferring Ownership of the Pathological Record
In the code snippet (code listing 6 in Multimedia Appendix 2),
we see the URI, the JSON file’s CID being transferred to the
MedContract.methods.mint(...). The token is associated with
the wallet (Ethereum) address 0x138a93...A8. Overall, once the
token is minted, the owner can securely transfer the NFT over
the network to another user. This transfers both the owner of
the diagnosis file and the URI to the receiver. However, the
actual data stored on the IPFS has never moved. The only
transfer happening is the token’s ownership (which points to
the CID of the JSON file data), which was initially associated
with the sender’s wallet address. It will now be accessible only
to the receiver. Code listing 6 describes the main functionality
and how the user interface sends the code to other users.

The code listing 6 shows how data ownership is transferred
from the senders to the receiver. The underlying CID (IPFS)
and its contents can now be accessed by the receiver, who then
examines the high-resolution image and either contributes by
creating a new diagnosis file or creates a new image for minting
the NFT.

Creating an Expiration Date–Driven NFT Access
Control
One of the key requirements is for the token to expire as per the
expiry date. Different state and local laws dictate how long each
hospital can store a patient record and conditions around the
storage of the record. For example, in the health care system
that the coauthor of this paper works for, the hospital system
stores the records (glass slides containing high-resolution
microscopic scans and digitized images of these scans) for 3
years, after which they are securely discarded from their storage.
However, the owner or patient can choose to retain their copy
for as long as they choose.

The approach we chose to replicate this functionality on the
blockchain is as follows: The smart contract code supports the
burn functionality for the token, which subsequently makes it
inaccessible by any of the system’s users. Then, the web3.js
application scans each record for the creation date and the
owner’s wallet ID and burns those for all those token owners
whose wallet IDs do not match the owner’s wallet ID, which is
stated in the JSON record. Code listing 7 (Multimedia Appendix
2) displays the burn functionality for the token ID when the
token was burned.

Upon execution of the contract within each user’s (eg,
physician’s or even pathologist’s) decentralized application,
those token ID’s with creation dates exceeding the expiration
date would be burned and inaccessible to anyone else on the
system. Only the record owner (or patient) would never execute
the burn function, preserving original access to the NFT.

Use Cases Supported by Design and Implementation
of the System
Several use cases are supported by the design and
implementation of our system. One such user flow is shown in
Figure 6, which directly refers to the aforementioned design
requirements.

Figure 6. Illustration of a digital pathology workflow with nonfungible tokens applied to scanned images overall. NFT: nonfungible token.
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Securing Data Storage for Privacy and Data Control
Access control, ownership, and confidentiality of data are three
challenges in storing health care–related data on blockchain
platforms. Because data reside on the blockchain and either the
data or pointer to the data is publicly accessible and available
to all users, how can users ensure that their data are accessed
only by authorized individuals and that others do not have access
to it? Furthermore, how do users ensure an audit trail for the
accessed data, as auditability is one of the legal requirements
from Health Insurance Portability and Accountability Act or
General Data Protection Regulation? Similarly, how are
ownership rights of data separated from the right to share the
data with health care professionals for specific contexts of
diagnosis?

To solve these challenges, we describe and implement the
prototype for the security architecture in Table 2 in the context
of our digital pathology system on a public blockchain. The
security architecture of the digital pathology system is
multilayered based on the different access requirements in the
system. The principal fundamental functions of the security
system include authentication, data integrity, confidentiality,
notarization or signature, access control, assurance of
availability, and ownership. By authentication, we mean that
the data are accessed only by those individuals who handle the
data. Data integrity means that the data are never tampered with

by anyone in the system. The confidentiality property alludes
to the fact that the actual data are not exposed to others, although
pointers to the data reside in the blockchain. By notarization,
we ensure that every time the data are transmitted or accessed
and restored on the system, there is a valid signature of the
individual who has accessed the record stored on the system.
By access control, we mean that data access is tracked in the
system, and only those allowed to access the data through a
valid identifier can access the data. Finally, by assurance and
availability, we ensure that data are available only to those
individuals who have the right to know legally, and the security
mechanism is available to all participants in the network (ie,
the rules for access control and security are available to all users
uniformly). The unique aspect of data record ownership is now
added to these properties to the blockchain. The data record
ownership ensures that only the primary owner of the data
record, that is, the patient, has perennial access to the NFT. In
addition, for all those who are not primary owners of the health
care record (ie, the nonpatients) to whom the NFT has been
transferred, the application would automatically invoke the
smart contract’s burn functionality after a preassigned period.

In Table 2, we discuss the different levels of data security and
privacy enforcement at three layers, namely, the application
layer, smart contract layer, and data storage layer, that is, the
IPFS layer for such a system.
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Table 2. Security layers, property of the security architecture, and implementation.

ImplementationProperty of the security
architecture

Layers of the stack

Users who require access to data are authenticated by their wallet (which contains a
hash of the user’s public key and a private key). Each time a message is sent, it is signed

and verified using ECDSAa. Only those users who can sign in to their wallets can access

their corresponding data in the form of the NFTb.

AuthenticationApplication layer and smart con-
tract layer

Data integrity is managed and maintained by the underlying blockchain and IPFS layers.
One of the properties of the blockchain is that the data cannot be manipulated ever.
Similarly, the original image or diagnosis file stored in the IPFS cannot be altered.

Changing the file will give rise to a new CIDd, which will need minting a new token
with different access controls.

Data integrityIPFSc layer and smart contract
layer

Although data stored on the blockchain is public information, the NFT being minted is
minted off a JSON file’s CID stored in the IPFS. The application can encrypt and store
the encrypted CID on the block in the associated NFT accessible only to the wallet
owner. The encryption is done by the application and not by the blockchain or the
blockchain’s smart contract. Each time a new token is minted, the resulting metadata
file is uploaded onto the IPFS. The CID of the metadata file is encrypted by the applica-
tion and stored on the blockchain as part of the contract.

Confidentiality of dataApplication layer for encryption
and smart contract layer for stor-
ing the encrypted CID on the
blockchain

After signing with the owner’s public key, each piece of information is notarized and
stored on the blockchain. Each time the NFT is transferred to a new owner, at the appli-
cation layer, the NFT is signed by the new owner’s public address and later encrypted
using the new owner’s keys for storage on the blockchain at the application level, so
that only the new owner can access the contents of the NFT.

NotarizationSmart contract layer

Access control for a token is currently maintained by means of a wallet (both public
and private keys). However, this access control can be maintained and moderated by
the user.

Access controlApplication layer and smart con-
tract layer

This is moderated by the underlying blockchain and IPFS infrastructure that has a
99.99% availability. The only limitation is network availability, which controls the rate
at which data can be deposited and pulled from the network.

AvailabilityBlockchain and IPFS layer

aECDSA: Elliptic Curve Digital Signature Algorithm.
bNFT: nonfungible token.
cIPFS: Interplanetary File System.
dCID: content identifier.

Results

After proof-of-concept implementation, we test and describe
how the main objectives of digital pathology solutions are met.
Furthermore, using our solution, we evaluate how this solution
addresses the challenges associated with storage, transmission,
cost-effectiveness, and security concerning digital pathology.
Figure 7 shows the screenshots of the prototype digital pathology
and the system’s user interface. In addition, these screenshots
demonstrate how such a system works and the mode of operation
of the digital pathology system.

In Figure 7, we see how these images are accessible to the owner
of the data set and now surface at the user interface. The
pathologist and other experts who have access to the image

through the assignment of the NFT can now click on each image,
open the image, and analyze the image through visual inspection
or by the assistance of various artificial intelligence algorithms.
The respective professional can then save the modified image
and diagnosis onto the IPFS, mint a new NFT, and share it with
the patient or other specialists in the group. Similarly, access
to all such images occurs by signing in to the corresponding
wallet of the user. Once signed in, the user has access to the
corresponding NFT through a wallet. Such a design that
separates the user actions from storage and records each action
atop the blockchain creates a valuable chain of record. Table 3
presents the benefits of our design vis-à-vis the original
requirements, the implementation details, and the benefits of
such a solution.
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Figure 7. User interface of the digital pathology system that displays 4 specific scans the corresponding physician has access to.
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Table 3. Solution requirements and how they are addressed in the implementation.

BenefitsImplementation detailsRequirement

The 2-layer security of smart contract data will only
enable the wallet owner to access the record’s con-
tents. IPFS’s CID is impossible to guess randomly.

There are 2 layers of security for data in such a system. First, the

IPFSa that stores images provide a high-security level by encrypting
and splitting data into chunks stored on the network. Data are acces-

sible only via a CIDb, which is a large 256-byte hex code. Next, the
JSON metadata file, which addresses the CID that is encrypted within
the blockchain, is only accessible by those who use their keys to access
the contract address where the data are stored. Refer to Table 2 for
the implementation details.

Security

This feature of the blockchain provides users (pa-
tients), physicians, and others the additional layer
of security.

Only the user who has access to the corresponding wallet can access
the data on the blockchain, and all other users will be blind to the use
of data. Refer to Table 2 for an explanation of how data confidential-
ity and privacy are handled in the design.

Privacy of data

There is no need for compression of data or the
manipulation of original data files for long-term
storage. Such a storage method enables storage of
the original files at high fidelity for further analysis.

The IPFS is a public infrastructure secured by nodes running globally.
The smart contract code can communicate with the IPFS if contracts
prefer pinning (or converting to static storage) the data. An alternate
public storage mechanism is FileCoin, which builds an incentive
mechanism atop the IPFS to reimburse users for providing high-end
storage and availability.

Low-cost, high-fidelity
file storage

Data transfer does not occur on the network, except
for the image being scanned and stored on the IPFS.
Data access is provided via metadata files that are
minted into NFTs.

The NFTs, once transferred on the network, transfer
the ownership of the underlying token to the receiv-
er. As a result, the only piece of data transferred on
the blockchain is the token through a transaction.
This improves the performance of any system
compared with a networked system infrastructure
or a permissioned database structure where entire
data files will have to move on the network.

Data and smart contract access is enabled to the high-throughput data
storage via the IPFS and metadata file that contains a data pointer (ie,
CID of the actual image). We also refer to other decentralized storage
systems such as FileCoin and Storj, which are paid alternatives to the

IPFS wherein crypto tokens enable the QoSc layer to ensure data
availability. As a result, the actual file is never moved on the network,
and only access controls to the CID containing JSON files are altered.

High performance

The network transmission of the IPFS record means
that only the minted token is transferred in owner-
ship. The details of the token ID are stored and en-
crypted on the blockchain. Therefore, no actual
data are transferring on the blockchain, reducing
and improving bandwidth significantly.

Data transmission is accomplished by just transferring the token
ownership on the blockchain corresponding to the file. Therefore, the
original file is not transmitted over the network; instead, the JSON
file’s CID ownership is transferred to a different wallet on the
blockchain.

Low transmission cost

Higher accuracy of the data helps train artificial
intelligence and machine learning models to im-
prove prediction accuracy.

Every time the data are modified by the physician or other intermedi-
aries, newer version-controlled files are created on the IPFS.

Improve data accuracy

The ownership of the digital asset is separated from
the functionality of the smart contract. Although
the NFT can be shared with multiple practitioners,
the actual access is determined by the legal policy
of the health care system for nonpatient access.
Only patients can access their own NFTs after the
record’s expiry date, where the NFT access is re-
stricted for all others.

Every specific period when NFTd ownership expires for legal reasons,
such access is removed automatically through the smart contract’s
burn functionality. Only patients who own the token obtain a chance
to hold onto the token and access-associated digital images. The rest
of the owners will not have access after the expiry (burn of the token).

Ownership

aIPFS: Interplanetary File System.
bCID: content identifier.
cQoS: quality of service.
dNFT: nonfungible token.

Discussion

Principal Findings
In this study, we introduced several innovations in decentralized
digital pathology that help offset the costs of imaging, sharing,
and distributing high-resolution slide scans for medical

diagnosis. Using private infrastructure mechanisms responsible
for the maintenance of nodes and consensus mechanisms and
administration of such systems controlled by a few firms would
defeat the entire purpose of using digital pathology to improve
the speed of diagnosis and the cost of patient care. Although
other health care applications have discussed frameworks to
store health care data on the blockchain or to use permissioned
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networks with different types of encryptions, such a design
would increase health care costs and system expenses. In
addition, with private blockchains or consortium blockchains,
the cost for maintaining the infrastructure and governance would
centralize the blockchain system.

Although, on private permissioned blockchain, it is feasible to
implement such on-chain storage without additional costs for
storage, our design uses decentralized public storage as the back
end, combined with established NFT standards. At the same
time, private or permissioned blockchain architectures could
lead to incompatibility among different chains and prevent
external sharing of data because private blockchain with
on-chain storage operates within network boundaries.
Essentially, there would be a need to implement such permission
blockchains across the hospital supply chains, including
laboratories, partners, verification agencies, and clinics. These
costs would prohibit the mass adoption of digital pathology,
whose promise is to reduce costs, increase speeds, and use
machine-assisted artificial intelligence and machine learning
algorithms to communicate with others. In addition, software
and hardware upgrades, technology obfuscation, network speeds
are left to the blockchain maintainers in the case of private
blockchains. As a result, a trade-off between private permission
and consortium blockchains without permission would make a
design such as the one presented here suitable. The public
maintains the infrastructure with a consortium-driven networks
and private and public networks.

We relied on a public blockchain infrastructure combined with
decentralized storage in our solution, which we believe will
drastically reduce the costs for storage transmission and provide
a privacy-enabled and secure system for public health care. At
the same time, the participants can also contribute to such
infrastructure by offering nodes on which they could pin their

files for the IPFS. Alternatively, an inexpensive decentralized
storage system such as Storj could be used, providing
permissioned access to ample storage at a very affordable cost.
The only piece of data that the blockchain stores is the encrypted
CID for the IPFS metadata file. Although the IPFS metadata
file is addressable and accessed outside the blockchain by users
whose wallets have the authority to access the contents (image
scans, diagnosis, treatment pathways, and other associated
metadata), our security architecture prevents the public or other
users from accessing the contents, thus providing security.

We reduced the cost of storage of high-resolution images by
proposing the use of the IPFS, a secure and distributed
peer-to-peer network with high availability. We used
cryptocurrency wallets and smart contracts to create NFTs using
the widely accepted ERC-721 standards. This design precludes
the need to add a separate security layer for data storage,
transmission, and access. Although we separated the storage of
the actual image from its metadata, the transmission of the image
entails changing the permission for accessing the metadata file
through encryption with the receiver’s keys. Our design
approach does not require moving the entire high-resolution
image to a different address on a network, which would likely
consume much more network bandwidth and is inefficient,
although this can also be accomplished.

Conclusions
Overall, the data transmission, data storage, and use of the
ERC-721(NFT) standard for pathology-based image storage
will improve the prospects for mass adoption of digital
pathology. Such an architecture can significantly reduce the
cost of the infrastructure required for digital pathology and,
over time, improve the speed for diagnosis and affordable
medical care.
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Abstract

Background: Tumor boards constitute the main consensus and clinical decision–making body of multidisciplinary teams
(MDTs) in cancer care. With the increasing clinical complexity of treatment options (eg, targeted therapies, multimodal treatments)
and the progressive incorporation of new areas of intervention (eg, survivorship care), tumor boards are now required to play a
central role in all cancer processes. However, although frameworks are in place to evaluate MDT quality, only few web-based
tools are available for this purpose; indeed, no web-based MDT evaluation tools have been developed for or adapted to the Spanish
National Health System.

Objective: The first aim of this study was to develop a web-based self-assessment model (Autoevaluación de Equipos
Multidisciplinares de Atención al Cáncer [AEMAC]) for evaluating multidisciplinary cancer teams in Spain and the second aim
was to validate this tool by testing its metric properties, acceptability, and usability.

Methods: We designed and validated the AEMAC program in 3 stages. In the first stage (research), we reviewed the available
scientific evidence and performed a qualitative case study of good practice in multidisciplinary care within the Spanish National
Health System (n=4 centers and 28 health care professionals). The results were used to define the thematic areas and quality
criteria for the self-evaluation model, which were then discussed and validated by a group of experts. The second stage
(development) involved the technological development of a web app that would be accessible from any mobile device. In the
third stage (piloting and validation), we conducted 4 pilot tests (n=15 tumor boards, 243 professionals) and used the results to
analyze the acceptability and usefulness of the tool.

Results: We designed a self-assessment model based on 5 thematic areas encompassing a total of 25 quality components, which
users rated on a 3-option development scale. The evaluation process, which was managed entirely from the web app, consisted
of individual self-assessment, group prioritization, and creation of an improvement plan. Cronbach alpha (.86), McDonald’s
omega (0.88), and various fit indices (comparative fit index between 0.95 and 1 and goodness-of-fit index between 0.97 and 0.99
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for all 5 aspects) confirmed internal consistency. The mean rating for overall satisfaction with the tool and for consistency between
the content of the tool and the reality of tumor boards was 7.6 out of 10.

Conclusions: The results obtained during the period of research and piloting of the AEMAC program showed that it has an
appropriate structure and metric properties and could therefore be implemented in a real context and generalized to other hospitals.
As a virtual tool, it helps to measure the key aspects of MDT quality, such as effectiveness of collaboration and communication,
leadership, and the organizational environment.

(J Med Internet Res 2022;24(3):e29063)   doi:10.2196/29063

KEYWORDS

web-based tool; multidisciplinary care; cancer; evaluation; quality assurance

Introduction

Background
Tumor boards constitute the main consensus and clinical
decision–making body of multidisciplinary teams (MDTs) in
cancer care [1]. The direct and indirect benefits of MDTs have
been confirmed through extensive analysis [2-8], and the proper
organization and systematic implementation of these bodies has
become the central focus of cancer control policies [9]. With
the increasing clinical complexity of treatment options (eg,
targeted therapies, multimodal treatments) and the progressive
incorporation of new areas of intervention such as attention to
survival as well as health care objectives such as the reduction
of waiting times, MDTs have come to assume a central role in
cancer care [10].

Rationale of MDT Assessment
Tumor boards are generally based on regular work sessions that
require the participation of a large number of professionals and
departments, but hospitals often fail to define the internal
organization of these boards, the scope of their work, or the
resources needed. Tumor boards should be subject to analysis
and intervention based on their importance for patients and the
economic costs involved to assess their degree of usefulness
and the quality of their decisions and to establish necessary
changes. From this perspective, the multiple benefits they may
provide do not inevitably result from a policy decision [11]. In
the context of the Spanish National Health System (SNS),
although the cancer strategy set out by the Ministry of Health
defines MDTs as a reference framework for oncology services
[12], the degree of MDT formalization and work capacity varies
substantially between hospitals [13,14]. Moreover, although
many scientific societies and European organizations have made
attempts to strengthen MDTs by establishing quality criteria
and work procedures, only few web-based tools are in place for
evaluating the effectiveness of teamwork. The tools currently
available, such as MDT-FIT (MDT-feedback for improving
teamworking) [15], MDT-OARS (MDT-observational
assessment rating scale) [16,17], MDT-QuIC (MDT-quality
improvement checklist) [18], and MDT-MODe (MDT-metric
of decision making) [19] vary in terms of methodology (eg,
checklist, observation) and availability as a virtual tool [20].

Routines and Gaps in the Work of Tumor Boards in
Spain
The large number of professionals involved in cancer care and
the complexity of the diagnostic therapeutic process mean that
coordination problems and poor communication are very likely
to occur. The evidence points to the importance of these aspects,
which can contribute to improving the survival and quality of
life of patients with cancer. Thus, the implementation of a
developed model of multidisciplinary care is one of the greatest
challenges to progress in improving the quality of care for
patients with cancer. In Spain, within the context of the SNS,
the complexity of multidisciplinary care and its impact on cancer
care depends on many factors: the different organizational forms
according to the territories, decision making in the diagnostic
and therapeutic process, or the cultural resistance to change that
working in a multidisciplinary manner may entail. Since there
are many barriers to the implementation of multidisciplinary
care, this interactive tool can enable the diagnosis of MDTs,
thereby offering a map of interventions for the proper
functioning of the teams. Other international experiences [15-19]
highlight the fact of having an instrument to perform
self-diagnosis; the tool presented here additionally makes it
possible to have the tool available in a web-based format, which
facilitates the rapid creation of a roadmap for the appropriate
management of the tumor committee within the SNS.

Autoevaluación de Equipos Multidisciplinares de
Atención al Cáncer Program
To promote multidisciplinary cancer care within the SNS, we
developed a program for the self-assessment of MDTs in cancer
care (AEMAC, by its acronym in Spanish [Autoevaluación de
Equipos Multidisciplinares de Atención al Cáncer]). The
AEMAC program is a web-based tool designed to facilitate the
evaluation of critical components related to the internal structure,
coordination and communication, organizational context, and
development possibilities of MDTs. The objective of this study
was to research, develop, and validate the AEMAC program as
a quality self-assessment tool for MDTs.

Methods

This study was performed in 3 stages.

Research and Expert Assessment
The first stage, focused on the design of the tool, drew on 2
sources of information: the available scientific literature
(including gray literature) and the experiences of tumor boards
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from hospitals of varying structure, size, and capacity to attend
patients with cancer.

First, we updated a systematic review that had been conducted
in 2014 by 2 of the authors of this paper (JP and JMB),
extending the search to November 2016 while maintaining the
same search criteria [10]. We also consulted a set of strategic
documents to analyze organizational principles and standards
in multidisciplinary care [17,21-27]. We decided to base the
first version of the AEMAC program on the document Policy
Statement on multidisciplinary cancer care [21], which defines
the core elements that all tumor-based MDTs should include.
By synthesizing the information collected in this systematic
review, we were able to draft the interview script to be used in
the development stage.

Second, we performed a qualitative case study on practices of
excellence in multidisciplinary care in Spanish public hospitals
in the period spanning May 2017 to September 2017 [28,29].
We included tumor boards specializing in specific tumors of
all prognoses and locations and more general boards (eg,
digestive system tumors) with a structured MDT that had been
operating for at least 3 years in SNS hospitals located in all
regions of Spain. A further inclusion criterion was the presence
of a clinical unit for centralizing the whole care process of
specific pathologies. After the selection process, we planned
on-site visits to study in detail the work of MDTs in the
following hospitals: Hospital Universitario del Mar, Barcelona
(lung cancer); Hospital Universitario Ramón y Cajal, Madrid
(breast cancer); Complejo Hospitalario de Navarra (digestive
system tumors); and Hospital Clínico de Salamanca (multiple
cancers). This sample of hospitals was endorsed by the scientific

societies involved in the program (Table S1 of Multimedia
Appendix 1). Additionally, we interviewed 20 professionals
from the following specialties: medical oncology (n=4),
radiation oncology (n=4), other medical-surgical specialties
(n=4), pathological anatomy (n=2), radiology (n=4), and nursing
(n=2). These visits and interviews were aimed at identifying
the key thematic areas and components to include in the MDT
self-assessment model.

The resulting preliminary matrix was assessed by 6 SNS experts
who were selected according to the criteria of territorial
representativeness, different specialties, levels of care, and
scientific or management experience (as of September 2017).
Specifically, they assessed the readability, face validity, and
content of the tool according to the legibility of the identified
components and coherence of the model and its elements; the
adaptability of the components to the reality of the SNS; the
weighting of the components according to their level of
importance; and the definition of future components.

Information Technology Development and Phases in
the Self-assessment Process
The second stage consisted of developing the web-based tool.
The AEMAC program was conceived from the beginning as a
web app that could be activated and managed from any mobile
device. The web-based tool [30] was designed to facilitate
consensus within the tumor board on areas for improvement
and possible interventions and to establish the work schedule
for achieving these improvements and ensuring their
sustainability. The self-assessment was structured in 3 phases
(see Textbox 1, Multimedia Appendices 2-4, and Figure 1).

Textbox 1. Phases in the Autoevaluación de Equipos Multidisciplinares de Atención al Cáncer program self-assessment process.

Phase 1: Individual self-assessment (Multimedia Appendix 2)

• All board members independently fill out the web-based questionnaire.

• Each component has 3 evaluation possibilities, ranging from least development (first option) to greatest development (third option), with an
intermediate category (second option).

• The evaluation process for each component is completed with a subquestion on the “possibility of improvement” if option 1 is chosen or on the
“risk of worsening” if option 3 is selected. These items are evaluated based on a scale of 0 to 10 points, and this score is included in the prioritization
algorithm. For example, components with poor ratings and without the possibility of improvement obtain a lower relative weight.

Phase 2: Group prioritization process (Multimedia Appendix 3)

• The team (or a subgroup of 3 team members) assesses the results, resolves any team discrepancies that emerged in phase 1, and prioritizes areas
for improvement.

• Discrepancies occur when none of the 3 response options accounts for at least 60% of the responses for any component.

Phase 3: Creating an improvement plan (Multimedia Appendix 4)

• The team sets objectives and actions for an improvement plan spanning 1 to 2 years.

• Responsible parties are assigned and indicators are established so that the degree of achievement can be measured.
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Figure 1. Working of the AEMAC self-assessment process. AEMAC: Autoevaluación de Equipos Multidisciplinares de Atención al Cáncer.

Data are stored and participants’ identities are protected on the
server at Miguel Hernández Public University to ensure
anonymous data management. This is fundamental because the
AEMAC program automatically shares compared information
with other MDTs of the same hospital level and pathology to
enhance benchmarking. The hospital level is captured through
the postal code of the hospital that was provided during the
initial registration of the self-assessment process.

Piloting and Validation
The third stage included a pilot study to test the adequacy of
the procedure and to analyze the metric characteristics of the
developed instrument. To test the acceptability and usefulness
of the AEMAC program, pilot tests were performed in 4 SNS
hospitals—Hospital Universitario del Mar (Barcelona), Hospital
Universitario de Fuenlabrada (Madrid), Hospital Universitario
Doctor Peset (Valencia), and Hospital Universitario La Paz
(Madrid)—including a total of 15 tumor boards and 243
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professionals. These hospitals belonged to 3 different regional
health services and were representative of the different types
of Spanish public hospitals. The number of beds ranged from
400 to 1000. Three researchers attended these meetings as
observers, information technology consultants, and evaluators
of the experience (JJM, MG, JP).

The first main objective of the pilot tests was to observe the
clarity of the concepts used in each component and the
consistency of the criteria used to define these concepts. These
criteria include correlation (ie, if the tumor board hypothesized
that good multidisciplinary work was being done in different
areas, the self-assessment of the professionals on the tumor
board should be in segment 3 of the areas they considered to
be strengths), variability (ie, the second option should not be
selected by default), and acceptability (ie, professionals should
not feel penalized by “negative” language). The second aim of
the pilot tests was to assess the usability and functionality of
the website, considered as critical elements in the time for
individual completion of the questionnaire and the general
usability of the instrument (eg, interface user friendliness, ease
of transition between phases). Additionally, the responses to
each of the components were analyzed considering both floor
and ceiling effects to rule out elements with little variability,
elements that could not be implemented, and elements that were
already fully implemented.

We also analyzed the degree of discrepancy in the evaluations
of different members of the tumor boards for each component,
acknowledging that systematic discrepancies between all
participants of all boards must represent inappropriate wording.
Finally, through confirmatory factor analysis, the coherence of
the grouping of components by thematic area was analyzed
using the comparative fit index, Jöreskog and Sörbom’s
goodness-of-fit index, adjusted goodness-of-fit index, root mean
square residual, standardized root mean square residual, and
root mean square error of approximation. The model was
accepted when comparative fit index, Jöreskog and Sörbom’s
goodness-of-fit index, and adjusted goodness-of-fit index scores
were greater than 0.95 and root mean square residual,
standardized root mean square residual, and root mean square
error of approximation scores were less than 0.08 [31,32]. The
internal consistency of the resulting factorial solution was
analyzed using Cronbach alpha and McDonald’s omega
statistical indicators.

A total of 243 pilot study participants were asked to complete
a survey to assess the critical issues of the tool (Multimedia
Appendix 5). The anonymized responses were analyzed using
descriptive statistics. The first part of the survey was designed
to assess user experience of the AEMAC program and included
5 items with a response scale ranging from 0 (unsatisfactory)
to 10 (totally satisfactory). The questions covered ease of
answering the AEMAC questionnaire, coherence between
questions, adequacy of the response options, and the method
for establishing an improvement plan. The second part of the
survey aimed to evaluate the adequacy of the established critical
and semicritical components.

Ethics Approval
The study was approved by the Ethics and Research Integrity
Committee of the Miguel Hernández University
(AUT.DPS.JMS.02.21).

Results

Research and Expert Assessment
By the end of the research stage, we were able to define the
following 5 thematic areas: (1) preparation and organization of
the tumor board, (2) board decision-making process, (3)
continuity of care, (4) organizational context, and (5)
cross-disciplinary roles and team cohesion. These 5 thematic
areas encompassed a total of 27 components considered to have
a potential impact on quality of care. The following changes
were made following the expert assessment of the preliminary
matrix:

1. Legibility of the identified components and coherence of the
model and its elements. Two components were added, and
changes were made in the wordings to improve clarity and
relevance and to avoid any overlaps.

2. Adaptability of the components to the reality of the SNS. It
was decided to ensure adaptability of the AEMAC program to
any MDT, regardless of hospital level (university, community,
or local hospital).

3. Weighting of the components according to their level of
importance. The experts agreed on different weights for the
components according to the categories “normal,” “high,” or
“very high” importance. This had an impact on the prioritization
algorithm used during the self-assessment.

4. Definition of future components. Six components were defined
with the prospect of being included in 5 years to replace outdated
components.

The adjusted matrix can be seen in Table S2 of Multimedia
Appendix 1.

Information Technology Development and Phases in
the Self-assessment Process
The AEMAC program was developed as a 3-phase process with
the dual objective of gathering individual and aggregated
perspectives on the quality of teamwork and encouraging
dialogue, negotiation, and formulation of possibilities for
improvement based on the critical aspects identified.

Piloting and Validation
The pilot study participants agreed that the website format and
the fact that the questionnaire could be completed on any mobile
device made the tool easy to use. Discrepancies could be
resolved by a subgroup of professionals, which facilitated the
process, although some teams had reservations in this regard.
When faced with certain questions, some professionals stated
that they required more information to give their opinion, usually
because of lack of direct contact with patients. We, nonetheless,
agreed to maintain the obligation of answering all the standards
included in the self-assessment questionnaire. The time taken
to complete the AEMAC questionnaire ranged from 12 to 14
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minutes, which was considered satisfactory. The average group
discussion time was 15 minutes for phase 2 (range, 10-20
minutes) and 30 minutes for phase 3 (range, 20-50 minutes).
The aspect with the lowest acceptability rating was the
registration process for initiating a self-assessment. MDTs in
the SNS usually have no administrative support, which means
registration has to be managed by the professionals themselves.

For most components of the thematic areas “Preparation and
organization of the board” and “Continuation of the care
process,” the third option (“Representing greater development”)
was selected more frequently than either of the other two.
Regarding “Board decision-making process” and
“Organizational context,” the bulk of the responses fell between
options 1 and 2. Finally, great variability in the responses was
observed in “Cross-disciplinary roles and team cohesion”. Table
S3 of Multimedia Appendix 1 shows the combined scores from

all boards, indicating the range of scores observed and the
response frequencies of each option for each component. The
results of this first analysis identified no ceiling or floor effects
to substantiate eliminating any of the 27 components. However,
after reviewing the confirmatory factor analysis results, we
eliminated the components “Patient information process” (from
the thematic area “Board decision-making process”) and
“Team-patient communication framework” (from
“Cross-disciplinary roles and team cohesion”). We also moved
the “Team cohesion” component to the thematic area “Board
Preparation and Organization.” The fit indices of this model
confirmed that the various components were well assigned to
the thematic areas. Table 1 shows the goodness-of-fit indices
for each thematic area of the resulting model. The “Board
decision-making process” obtained the best fit indices according
to the previously defined benchmark.

Table 1. Confirmatory factor analysis adjustment indices.

Cross-disciplinary
roles

Organizational
context

Continuity of
care

Decision making
process

Preparation/organizationAdjustment indices

0.990.960.961.000.95Comparative fit indexa

0.980.940.970.990.94Jöreskog and Sörbom’s adjusted goodness-

of-fit indexb

0.990.980.990.990.97Jöreskog and Sörbom’s goodness-of-fit in-

dexb

0.010.020.010.010.02Root mean square residualc

0.020.040.030.020.05Standardized root mean square residualc

0.03 (0-0.1)0.08 (0.03-0.1)0.04 (0-0.1)0 (0-0.1)0.05 (0-0.08)Root mean square error of approximation
(90% CI)

aRanges from 0 to 1, with a value of 0.9 being the minimum required to defend the model.
bGoodness-of-fit index and adjusted goodness-of-fit index: range between 0 and 1 and those models that exceed 0.9 are considered adequate models.
cRoot mean square error of approximation and standardized root mean square: indicators of a good fit with values less than 0.05.

Table 2 shows the revised structure of the AEMAC program.
The optimized model can be seen in Figures 2-6 (optimized
model of the questionnaire factorial structure based on
confirmatory factor analysis from the validation study performed
for each factor, factors 1-5, Structural Equation Modelling Path
Diagram chart). The values shown in Figures 2-6 represent the
standardized solution of the confirmatory factor analysis
equations. The values above the lines in the figures are the
estimates of the regression coefficients of the common factors
and of the specific factors, that is, the contribution of each item

to the factors, which is also called factor loadings. The R2 is the
variance explained by the factor for each of the items.

In the internal consistency analysis, the AEMAC program
achieved a Cronbach alpha score of .86 and a McDonald’s
omega score of 0.88. Table 3 and Table 4 show the combined
responses of the survey evaluating the AEMAC program. In
total, 40 out of 243 professionals responded (16.5% response
rate). Seven (88%) of the 8 components that were considered
critical and all 3 components that were considered semicritical
received a high adequacy rating.
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Table 2. Structure of the revised Autoevaluación de Equipos Multidisciplinares de Atención al Cáncer program following confirmatory factor analysis.

ItemsThematic area

Attendance and representation

Patient schedule

Meeting frequency

Cases discussed

Involvement of professionals responsible for patients

Time management efficiency

Case presentation

Team cohesion

Preparation and organization of the board

Learning and updating knowledge

Psychosocial perspective

Oncogeriatric perspective

Clinical trials

Board decision-making process

Computerized record of decisions

Decision implementation

Follow-up planning

Care for long-term survivors of cancer

Continuity of care

Board time protection

Administrative support

Meeting room

Technological resources

Role of the Hospital Tumor Board

Organizational context

Board chair or coordinator

Nursing case manager

Key points in team-patient communication

Team evaluation

Cross-disciplinary roles

Figure 2. Optimized factor 1 model based on the confirmatory factor analysis of the validation study carried out. The values above the lines are the
estimates of the regression coefficients of the common factors and of the specific factors, that is, the contribution of each item to the factors, which is

also called factor loadings. The R2 is the variance explained by the factor for each of the items.
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Figure 3. Optimized factor 2 model based on the confirmatory factor analysis of the validation study carried out. The values above the lines are the
estimates of the regression coefficients of the common factors and of the specific factors, that is, the contribution of each item to the factors, which is

also called factor loadings. The R2 is the variance explained by the factor for each of the items.

Figure 4. Optimized factor 3 model based on the confirmatory factor analysis of the validation study carried out. The values above the lines are the
estimates of the regression coefficients of the common factors and of the specific factors, that is, the contribution of each item to the factors, which is

also called factor loadings. The R2 is the variance explained by the factor for each of the items.
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Figure 5. Optimized factor 4 model based on the confirmatory factor analysis of the validation study carried out. The values above the lines are the
estimates of the regression coefficients of the common factors and of the specific factors, that is, the contribution of each item to the factors, which is

also called factor loadings. The R2 is the variance explained by the factor for each of the items.

Figure 6. Optimized factor 5 model based on the confirmatory factor analysis of the validation study carried out. The values above the lines are the
estimates of the regression coefficients of the common factors and of the specific factors, that is, the contribution of each item to the factors, which is

also called factor loadings. The R2 is the variance explained by the factor for each of the items.
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Table 3. Results of the responses to the satisfaction survey (part 1).

Maximum scoreMinimum scoreMedian scoreItem

1038Ease of answering the questions

1038Coherence between content of questions and reality of tumor boards

1038Adequacy of the 3-option response scale

1037Ease of creating an improvement plan in the web-based app

1028Overall satisfaction with the self-assessment

Table 4. Results of the responses to the satisfaction survey (part 2).

Not adequate (N=40), n (%)Adequate (N=40), n (%)Component

Critical components

0 (0)40 (100)Attendance and representation

1 (3)39 (98)Patient schedule

1 (3)39 (98)Learning and updating knowledge

2 (5)38 (95)Decision implementation

5 (12)35 (88)Follow-up planning

3 (7)37 (93)Board time protection

1 (2)39 (98)Board chair or coordinator

16 (41)23 (59)Nursing case manager

Semicritical components

6 (5)34 (95)Cases discussed

14 (28)26 (73)Patient information process

7 (8)33 (92)Computerized record of decisions

13 (23)27 (77)Key points in team-patient communication

Discussion

Overview of This Study
The AEMAC program is a web-based tool designed to facilitate
the self-assessment of multidisciplinary cancer care teams with
a view of improving their internal organization and scope of
care. By analyzing the internal and external processes that frame
the work of MDTs, we were able to identify 27 critical
components that are implemented to a varying degree in the
context of the SNS, as well as establish a range of possibilities
for the intervention. When the AEMAC program was tested by
15 MDTs, it obtained good results on the content, acceptability,
and time required, and showed reasonable psychometric
properties, including internal consistency and item
discrimination. The perspective acquired during the research
process, which included content validation by experts, and the
consistency of the results obtained in the pilot study show that
the AEMAC program could be implemented in a real context.

Framework of This Study
In accordance with other authors, we consider that tumor boards
stimulate the knowledge and development of the professionals
involved in the care of patients with cancer, thereby encouraging
teamwork and improving the quality of health care [33,34]. In
this regard, several government-produced documents defining

MDTs such as the principles of multidisciplinary care in
Australia [23], multidisciplinary cancer conferences in the
Canadian province of Ontario [22], and the characteristics of
an effective MDT in the United Kingdom [17] highlight the
importance of internal cohesion and positive leadership styles.
The desired consensus of a tumor board should not mask the
valuable technical perspectives of its members nor should it be
vulnerable to what has been called ego-based medicine [35].

The rationale and health care objectives of the AEMAC program
multidisciplinary care model are based on the principles and
priorities set out in the reference document Policy Statement
on multidisciplinary cancer care [21]. For example, one
component that reflects a well-developed tumor board according
to the AEMAC program is that all cases treated in the hospital
for a specific pathology are presented at the board meeting.
While this topic “all cases discussed” has some controversy,
many health professionals consider that this measure simply
implies ensuring evidence-based decisions. European initiatives
such as the European Reference Networks [36] share the view
of securing evidence-based opinions, which is also reflected in
the criteria and standards of various European cancer
organizations [24-27]. These bodies are raising awareness in
the SNS of the need to have well-structured and well-equipped
MDTs that are answerable to a national health authority. The
available evidence suggests that significant variability exists
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between MDTs in terms of objectives, roles, organizational
implications, performance, and access [37,38]. In the context
of the SNS, these differences are accentuated by considerable
decentralization in health care [13].

Comparisons With Other Instruments and Tools
The AEMAC program follows the inspiring principles of
instruments such as the MDT-FIT [15]. In this case, the 3-stage
process to perform the self-assessment of the MDTs and the
availability of a web-based tool to perform the process have
been elements that the AEMAC program has taken into account
in the development of the self-assessment process, wherein the
time needed to perform the whole process was 10-12 weeks,
while the AEMAC program considers that the whole process
can be performed in the same morning, leaving a sufficient time
interval to perform the process of implementing the
Improvement Plan (approximately 6-12 months). MDT-OARS
[16,17], which is supposed to be a development and validation
model to be followed in the case of the AEMAC program,
consists of 47 items and a 5-point scale and is an instrument
that each tumor committee must apply. In the case of
MDT-QuIC [18], the instrument applies more like a checklist,
and in its development study, the attitudes of the people who
used it were assessed. The AEMAC program followed this
model to assess the experiences of the people who used it.
MDT-MODe [19] is based on an observational evaluation tool,
where 2 professionals evaluate the behavior of the MDT. The
AEMAC program is based on the individual evaluation of each
of the committee members in the first phase and then sharing
of the results achieved and the areas of top priority.

Strengths and Weaknesses

Strengths of the AEMAC Program
Implementing the AEMAC program could benefit clinicians,
managers, and patients. For clinicians, the program not only
enables comparison of tangible aspects such as technological
resources (eg, use of videoconferencing) but also takes the
human factor into account. Elements related to communication
style or cooperation (eg, trust, implementation of decisions) are
critical but tend to be ignored in evaluations or accreditation
systems. For managers at all levels of the SNS, the AEMAC
program offers guidance on implementing and developing an
effective organizational ecosystem. In Spain, MDTs are not
incorporated into the care pathway through mandatory criteria
as part of health policy, as they are in the United Kingdom. The
AEMAC program facilitates assessment of MDT uniformity in
this context. Finally, although the defined model is for
professional use, patients stand to benefit to the extent that the
quality criteria include the consideration of oncogeriatric and
psychosocial aspects, personalization of the information
delivered to patients, and proactive organization of patients’
agendas.

Weaknesses of the AEMAC Program
Although most evaluations of the content and functionality of
the AEMAC program were positive, 80% of the professionals
who were asked to evaluate the tool were unable to because of
scheduling or other problems. We did not manage to obtain this
information subsequently, although we contacted these team
members individually after the on-site visits. The main feedback
on the experience with the tool was provided by the people who
had responsibility for the tumor board (chair and secretary).
Given the uniqueness of the AEMAC questionnaire, it was
validated through confirmatory factor analysis. Similarly, the
difficulty of accessing teams and activating self-assessment
processes during the pilot test—mainly due to the gatekeepers
being informal contacts or the health professionals showing
inconsistent interest in participating—meant that we were unable
to include a larger sample of tumor boards. Another limitation
was that the boards of only 4 hospitals participated in the pilot
tests. These hospitals were similar to a majority of Spanish
hospitals: accreditation for teaching, residents, students, and
number of beds. As a result, adaptability issues may arise if the
program is rolled out in a real context, as the AEMAC program
is designed for any MDT of the SNS, and the research process
and piloting covered only a few regions of Spain. If the AEMAC
program is to become a reference tool, it must be promoted not
only by scientific societies but also by the health authorities of
each region.

Future Developments
As MDT work dynamics and structures evolve, future
evaluations will determine which elements should be replaced.
The AEMAC program is a dynamic quality model based on the
improvement cycle that must periodically adapt to reality. The
elements incorporated in the future will follow the same
principle.

Conclusion
The AEMAC program is the first web-based quality
self-assessment tool for evaluating MDTs in the SNS. The
results obtained during the research and piloting period suggest
that it could be implemented in a real context. Consensus and
multidisciplinary work undoubtedly contribute to clinical
effectiveness insofar as professionals specialized in tumor
pathologies (eg, esophageal cancer), organ systems (eg,
gynecological tumors), or patient profiles (eg, pediatric
oncology) are responsible for clinical coordination and
communication with patients and families throughout all stages
of the disease. To this end, the AEMAC program can provide
a comprehensive reflection on the organizational, technological,
and cultural elements that must be taken into account to improve
the care received by patients with cancer.
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Abstract

Background: Most of what is known regarding health information engagement on social media stems from quantitative
methodologies. Public health literature often quantifies engagement by measuring likes, comments, and/or shares of posts within
health organizations’ Facebook pages. However, this content may not represent the health information (and misinformation)
generally available to and consumed by platform users. Furthermore, some individuals may prefer to engage with information
without leaving quantifiable digital traces. Mixed methods approaches may provide a way of surpassing the constraints of assessing
engagement with health information by using only currently available social media metrics.

Objective: This study aims to discuss the limitations of current approaches in assessing health information engagement on
Facebook and presents the social media content and context elicitation method, a qualitatively driven, mixed methods approach
to understanding engagement with health information and how engagement may lead to subsequent actions.

Methods: Data collection, management, and analysis using the social media content and context elicitation method are presented.
This method was developed for a broader study exploring how and why US Latinos and Latinas engage with cancer prevention
and screening information on Facebook. The study included 20 participants aged between 40 and 75 years without cancer who
participated in semistructured, in-depth interviews to discuss their Facebook use and engagement with cancer information on the
platform. Participants accessed their Facebook account alongside the researcher, typed cancer in the search bar, and discussed
cancer-related posts they engaged with during the previous 12 months. Engagement was defined as liking, commenting, and/or
sharing a post; clicking on a post link; reading an article in a post; and/or watching a video within a post. Content engagement
prompted questions regarding the reasons for engagement and whether engagement triggered further action. Data were managed
using MAXQDA (VERBI GmbH) and analyzed using thematic and content analyses.

Results: Data emerging from the social media content and context elicitation method demonstrated that participants mainly
engaged with cancer prevention and screening information by viewing and/or reading content (48/66, 73%) without liking,
commenting, or sharing it. This method provided rich content regarding how US Latinos and Latinas engage with and act upon
cancer prevention and screening information on Facebook. We present 2 emblematic cases from the main study to exemplify the
additional information and context elicited from this methodology, which is currently lacking from quantitative approaches.
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Conclusions: The social media content and context elicitation method allows a better representation and deeper contextualization
of how people engage with and act upon health information and misinformation encountered on social media. This method may
be applied to future studies regarding how to best communicate health information on social media, including how these affect
assessments of message credibility and accuracy, which can influence health outcomes.

(J Med Internet Res 2022;24(3):e25243)   doi:10.2196/25243

KEYWORDS

mixed methods; data collection; social media; cancer; health information; Facebook; digital health

Introduction

Background
The rise of health misinformation in today’s social media
landscape has prompted a need to better understand how and
why individuals engage with this content, as well as its
ramifications on health outcomes. Although this topic has gained
notoriety in light of the COVID-19 pandemic and its
accompanying infodemic, calls for research addressing health
misinformation and its unique impact on underserved
populations have been present since late 2018 [1]. These calls
acknowledge that in addition to defining the prevalence and
trends of health misinformation, researchers need to develop
approaches that better understand the context of misinformation
exchange on social media, the intra- and interpersonal dynamics
that influence engagement with content, and how health
consequences may stem from these interactions [1].

Reaching populations with evidence-based content through
social media has become an important effort to counteract the
spread of health misinformation [2,3]. If leveraged correctly,
these platforms can be used to encourage participatory
communication by fostering user engagement via posts, pictures,
videos, and other forms of information sharing [4]. This
conceptualization of social media as participatory frames
engagement as a way for health organizations to communicate
with audiences directly [5] and is typically assessed by
evaluating how users respond to content posted on the platform.
By playing an active role in conversations about health topics,
organizations can also ensure that trust and credibility are
established through the dissemination of accurate information
[5].

Quantitative methods have undoubtedly helped identify health
misinformation trends on social media [6-9]. However, these
data are increasingly difficult to obtain [10], do not provide
important contextual information regarding what motivates
engagement and dissemination among vulnerable populations
with poor health outcomes, and cannot capture the effects of
misinformation on behavior. Mixed methods approaches that
explore the role of these components in the spread of
misinformation are necessary to design interventions that
minimize and halt dissemination. Mixed methods research
comprehensively and purposefully uses both qualitative and
quantitative techniques to address an overarching research
question that cannot be fully explored and contextualized by
either method independently [11]. As such, this paper presents
the social media content and context elicitation method, which
is a novel approach that incorporates qualitative methods to
better contextualize engagement with health information on

social media and how this may lead to subsequent actions. This
paper first discusses the limitations of the current
operationalizations of engagement with health information on
social media. This is followed by a detailed description of the
social media content and context elicitation method, which was
developed to obtain survey data, interviews, and computer
screen recordings of cancer-related posts on Latino and Latina
participants’Facebook accounts for quantitative and qualitative
analysis. Then, 2 case studies are presented to exemplify the
additional information elicited from this methodology, which
is currently lacking from other approaches. Finally, we discuss
how incorporating qualitative methods, such as those outlined
in this paper, allows a better representation of how people
engage with health information in reality and provides insights
for researchers interested in this type of work.

Assessing Engagement With Health Information on
Facebook
Facebook is among the most popular social media platforms
worldwide, with >2.3 billion active users [12]. Second in
popularity only to YouTube, 74% of US Facebook users visit
the platform on a daily basis [13]. Entertainment, social
interaction, and passing time are among the reasons individuals
report using Facebook [14]. Facebook has also been a source
of health information and social support [15], making it a useful
place to engage with general audiences about health topics.
Many public health organizations have established a presence
on Facebook by creating a Facebook page, which provides a
space for businesses and organizations to publicly share
information with platform users. Facebook pages provide a
direct way for these organizations to deliver evidence-based
health information to Facebook users, which is of paramount
importance in a social media environment with increasingly
unreliable information [3]. Facebook page administrators also
have the ability to monitor social media metrics, providing a
way for health organizations to operationalize audience
engagement with posted content.

Assessing engagement with health-related information on social
media is of particular importance as it is a precursor to multiple
outcomes, such as increased awareness, knowledge, and
behavior change [16,17]. Most studies have assessed
engagement by collecting and analyzing data on the likes,
comments, and/or shares of posts within an organization’s
Facebook page [18-24]. For example, Strekalova and Krieger
[24] reported that cancer-related posts on the National Cancer
Institute’s Facebook page had a significantly higher number of
likes, comments, and shares when they contained images (vs
videos, embedded links, or text). Similarly, Srivastava et al [18]
found that posts on the American Cancer Society’s Facebook
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page were more likely to be liked or shared when they contained
images or videos, whereas text-based posts were more likely to
elicit user comments. Meanwhile, Klippert and Schaper [25]
expanded their definition of engagement by including metrics
for post reach and clicks on embedded links—both of which
are also available to Facebook page administrators. Finally,
other studies have captured engagement with cancer information
publicly available on Facebook [19,20,26] or Facebook groups
[27-30]. Facebook groups differ from Facebook pages in that
they can be public or private but do not offer detailed social
media metrics and audience insights (although group
administrators may extract raw data for analysis through
Facebook’s application programming interface). In such cases,
engagement has been assessed by quantifying likes, comments,
and shares, as these metrics are visible to anyone with access
to the posted content.

Limitations of Quantitative Assessments of
Engagement
Measuring engagement with health-related content through
these metrics is useful for organizations wanting to assess the
success of a social media campaign. It can also provide insight
into message factors that may enhance engagement with health
information on social media [31]. However, the existing metrics
have important limitations. On Facebook, one of these
limitations relates to how users are exposed to content. In order
for a post from a Facebook page to appear on a person’s news
feed, a person must either follow the page or have a Facebook
friend who engages with a post from the page. Additional ways
users can be exposed to health-related content from a Facebook
page are through paid advertising or a Facebook video
recommendation, which is based on a video’s popularity or
other people and pages a person follows [32]. Even then, the
appearance of this content on a person’s news feed is influenced
by Facebook’s constantly changing algorithm, which favors
content that individuals engage with most often [33]. This has
an impact on whether specific health information emerges on
a person’s news feed when they log into their Facebook account.
As such, engagement with content on a health-related Facebook
page may not be emblematic of how the general population
engages with such information on Facebook. It is likely that
many individuals following a health-related Facebook page are
already interested in that particular topic. However, there are
many people who may not have an active interest in health
information that health organizations are trying to reach, such
as healthy individuals who are the target audience for prevention
and screening messages. Furthermore, focusing on measuring
engagement with evidence-based content posted by health
organizations does not fully capture the health information
landscape on Facebook, which includes user-generated or shared
health misinformation that may not come from reliable sources
(eg, a COVID-19–related post dispelling misinformation about
vaccine efficiency shared by a Facebook friend with no links
to original sources).

Another limitation to quantifying likes, comments, and shares
is that these are crude measures of engagement. Although these
metrics allow researchers to quantify how some Facebook users
visibly engage with health information that is publicly available
or posted within a Facebook group, they exclude individuals

who do not perform these actions yet still consume health
information on the platform [18,24]. Information consumption
and lurking—generally defined as reading posts on the web
without responding—have been seen as an active and
participative form of web-based behavior [34]. Lurking may
occur because of environmental, relationship, security, and
individual reasons [35]. For example, the quality of a message
may be poor (environmental), the user may not feel part of the
web-based community (relationship) or have privacy concerns
(security), or the person’s needs may be satisfied by just reading
a post (individual) [35].

Moreover, although newer Facebook applications, such as
CrowdTangle, allow researchers to capture additional
engagement metrics (such as post views) [36], these metrics are
limited in only establishing general trends with content that is
publicly available on the platform. Furthermore, these crude
measures fail to capture if and how engagement with health
information and misinformation may influence individuals to
act upon this information elsewhere. Potential actions may be
as small as discussing the information with a friend through
messaging apps or as large as incorporating preventive behavior
into one’s lifestyle. Understanding these complexities inevitably
requires new approaches to help contextualize the impact of
engagement on health outcomes.

In response to these needs, we developed the social media
content and context elicitation method. This method elicits data
concurrently during one-on-one in-person encounters where the
participants access their social media profile, scroll through
relevant content, and contextualize content engagement with
the researcher. In the following sections, we outline the process
of collecting, managing, and analyzing elicited data and provide
examples of the robust findings that this method provides. We
hope that such detail—particularly surrounding data collection
and management—enables other scholars to replicate and/or
adapt these methods for related studies.

Methods

Overview
The methods discussed in this paper were developed for an
exploratory, convergent parallel study assessing how and why
Latino and Latina adults aged 40 to 75 years without a history
of cancer engage with and act upon cancer prevention and
screening information or misinformation on Facebook
(published elsewhere) [37]. For this study, 20 self-identified
Latinos and Latinas aged 40 to 75 years with no history of
cancer participated in semistructured, in-depth interviews to
discuss their Facebook use and engagement with cancer
information on the platform. This diverse population not only
avidly uses Facebook but also faces high cancer health
disparities: cancer is the leading cause of death among US
Latinos and Latinas [38], and cancer incidence rates are highest
for screenable cancers linked to preventable behaviors (breast,
prostate, and colorectal) [39]. Please refer to the original
publication for a full description of the study and the main
findings [37].
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The social media content and context elicitation method
developed for this study comprised three parts: (1) a short survey
collecting demographics, health-related information seeking,
and Facebook use data; (2) computer screen recordings of cancer
posts appearing on participants’ Facebook during the past 12
months; and (3) semistructured, in-depth interviews discussing
Facebook use and engagement with cancer posts on Facebook

(Figure 1). Participants were recruited through flyers, word of
mouth, and Facebook advertisements. Interviews were
conducted in the participants’ language of preference (English
or Spanish) by the lead researcher, who is bilingual. All
interviews were conducted during the summer of 2018 and
lasted approximately 2 hours.

Figure 1. Study design using the social media content and context elicitation method to capture engagement with cancer information on Facebook.
Each participant underwent all points of data collection.

Data Collection
After providing oral consent, participants completed a short
survey collecting demographic variables, basic health-related
information seeking, and Facebook use information. This survey
provided descriptive insight into the uses and gratifications
experienced by Latinos and Latinas on Facebook and other
contextual factors that may affect engagement with cancer
prevention and screening information on the platform. Following
the survey, the researcher began the semistructured interviews,
which were audio recorded in their entirety. Using the survey
responses as a guide, the researcher asked participants to
elaborate on their regular Facebook use patterns and interactions,
the extent to which they encountered health information
(including cancer information) on Facebook, and what they
believed Facebook’s role was in sharing information. Afterward,
participants logged into their Facebook account using a private

browser on a research laptop and proceeded to turn off the
Facebook Messenger feature to avoid being interrupted during
the study. The researcher then documented the total number of
friends, groups, and pages the participants followed, including
how many of these were cancer-related groups or pages.

The participants then went to the search feature on Facebook,
which allows Facebook users to search for content posted on
the platform. This feature allows users to sort search results
using multiple filters, such as Sort by, Posted by, and Date
posted. For this study, participants were asked to enter the term
cancer into the search bar. Once the search results emerged,
they were filtered chronologically (Sort by Most recent) and by
friends and groups the participant followed on Facebook (Posted
by Your friends and groups). The resulting posts represented
all posts that included the word cancer that could have
potentially appeared on participants’ news feeds when they
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previously logged into Facebook and corresponded to content
either posted by their friends or groups or any other publicly
available posts that a friend liked or commented on. The
researcher then proceeded to explain the process of jointly
scrolling through the past 6 to 12 months of cancer-related posts
to discuss posts they recalled seeing and engaging with. Any
questions that participants had about the process were discussed
before beginning.

Once the participant agreed, the researcher began recording the
computer screen using QuickTime Player (version 10.4; Apple),
which captures both audio and the computer screen. The
researcher and participants jointly scrolled through the content
to identify any posts the participants recalled having seen and
whether they engaged with the post. Engagement was defined
as any combination of the following: liking a post; commenting
on a post; sharing a post; clicking on a post link; reading an
article in a post; or watching a video within a post. If the post
included any video or embedded link, participants were asked
if they recalled watching the video or clicking on the link. If
so, these were opened to capture the full content.

In addition to capturing the cancer posts that appeared on
participants’ Facebook through computer screen recordings,
engagement with content prompted the researcher to use a
semistructured, in-depth interview guide to ask questions
regarding the reasons participants interacted with the post and
whether engagement triggered further action. Examples of action
included (but were not limited to) searching for additional cancer
information or scheduling a cancer screening appointment.
In-depth interviews were selected for this study as they allow
for the exploration of new issues in depth and elaborate on
individuals’ thoughts and behaviors [40], an important facet in
exploring how source and content characteristics influence
engagement with cancer information on Facebook and any
potential subsequent action. Interview guide questions were
informed by the Uses and Gratification Theory [41] and the
Comprehensive Model of Information Seeking [42,43]. The
interview guide covered the following domains: reasons for
engagement with cancer information, relationship to the cancer
information source, roles of the cancer information source in
delivering information on Facebook, perceptions about posted
cancer information content and attributes, the ways that source
credibility and content accuracy are assessed, and actions
triggered by engagement with this information. In cases where
participants recalled engaging with a post in ways other than
liking, commenting, and/or sharing the post, the participant was
asked to elaborate on this type of engagement. The researcher
also collected notes regarding each post the participant either
recalled or engaged with using a checklist.

Throughout the scrolling process, multiple participants had
copious amounts of cancer-related information emerging in
their searches, most of which were not specific to prevention
and screening topics (eg, survivorship, cancer research, and
fundraising). As the purpose of this study was to understand
how participants specifically engaged with cancer prevention
and screening information, searches were refined midway
through the interview. The search terms cancer prevention and
cancer screening were entered in all interviews approximately
30 minutes into the scrolling process to narrow the search

results. For each refined search term, the content was scrolled
through up to 12 months prior and discussed as previously
stated. On several occasions, when guided by the participant
and the discussion at hand, additional search terms were added
to find specific cancer prevention and screening information
participants recalled engaging with. For example, one participant
specifically recalled engaging with a post containing information
about cancer and soursop (guanábana), a Latin American fruit
commonly assumed to have curative properties. The post was
elicited by searching for cancer guanábana. Similarly, another
participant recalled a post about cancer diets and asked to search
for cancer diet. A final search was performed using the term
cancer and the filter Posted by you. This revealed any cancer
information posted by the participant on their own Facebook
profile.

After discussing the posts, participants were asked wrap-up
questions regarding what would make cancer information more
appealing on Facebook, who they considered the most influential
and trustworthy sources of cancer information among their
Facebook friends, and whether Facebook was a source of cancer
information they trusted. Notes were taken throughout the
interviews and used to inform data management and analysis.

Data Management
The data collection processes described above elicited rich data:
in addition to survey responses, >20 hours of computer screen
video and >30 hours of interview audio were captured (Figure
1). Survey responses were entered into a Microsoft Excel
spreadsheet. Interview audio recordings were deidentified and
transcribed verbatim. The process of capturing discussed posts
and deidentifying data recorded on the computer screen is
described in the following sections.

The first step in managing all computer screen recordings was
to develop a checklist to document all the decision points for
each interview video. This checklist collected the time stamps
for both the audio and video versions of each interview, which
allowed the research team to map interview transcripts with the
discussed posts during analysis. Audio and video time stamps
were collected at the beginning of the video recording and at
the beginning of each post discussed. In addition to marking
the time stamps for each post, the checklist was used to
summarize the content of each post and to highlight relevant
points discussed during the interview. These notes were
incorporated as memos associated with each post during the
analysis. The checklist was also used to document any search
term refinements and outline preliminary codes for subsequent
codebook development.

After using the checklist to document each post discussed in
the interview, the post was captured through a screen grab and
deidentified by cropping and/or covering any identifying images
or names with white boxes and saved as a new file identified
with the participant’s unique ID; 2 additional files were saved
in addition to the post screen grabs when applicable. First, if
the post also included a video, the video was captured in its
entirety in one of two ways: (1) if the video was part of a
publicly available post, the lead researcher recorded the full
video by searching for the post on Facebook or (2) if the video
was no longer available on Facebook, the segment of the
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recorded computer screen was trimmed and cropped using
iMovie to ensure that the video was deidentified. Second, if a
post included a link to an external website that was visited
during the interview, the website was captured in one of two
ways: (1) if the website link was still accessible, the lead
researcher saved a web archive and PDF version of the website
page or (2) if the website link was broken or no longer
accessible, the recorded segment was deidentified, as described
above. All deidentified files (posts, videos, web archives,
surveys, and interview transcripts) were saved in a secure
cloud-based file sharing and file storage service through the
Johns Hopkins University and in an encrypted folder on a
password-protected computer. The deidentified data were
managed using the MAXQDA (Version 12; VERBI GmbH).

Data Analysis
The last step was to analyze multiple data elicited through the
aforementioned methods. This was performed using traditional
data analysis approaches (ie, frequencies, content analysis, and
thematic analysis) that were triangulated to explain how and
why engagement with cancer prevention and screening content
occurred and how this engagement led to further actions. In the
following sections, we summarize these analytical approaches;
a detailed description of these analyses can be found in the
original study [37].

First, we conducted descriptive statistics on all survey data.
These findings were used to assist in contextualizing our sample.
Then, a content analysis was conducted on all cancer prevention
and screening information participants engaged with on their
Facebook accounts. Content analysis was used to assess message
patterns in a variety of formats, including those available on
internet platforms [44]. A codebook was developed using the
preliminary codes documented in the checklist during the data
management process described in the previous section. The
initial coding framework was applied to a sample of 10 cancer
posts publicly available on Facebook by the lead researcher and
a second bilingual study team member. Discrepancies were
discussed and resolved, and a final codebook was developed
[37]. Codes were developed for the following areas: post
features, post source, post content, and credibility assessment.
A total of 2 coders independently coded 10% of the sample.
Intercoder reliability was calculated (0.89-1.0) [45], and any
discrepancies were discussed until consensus was reached. The
lead researcher coded the remaining posts, and code frequencies
were calculated upon completion.

Finally, a thematic analysis was conducted on all the interview
transcripts. This method allowed for the identification, analysis,
and interpretation of patterns or themes in rich interview data
sets [46,47], allowing a detailed description of how multiple
themes and factors work together to explain engagement with
cancer information. Transcriptions were analyzed in their
original language to ensure that no meanings were lost in
translation. The transcripts were preliminarily coded using
emerging codes that aligned with the research questions using
a constant comparison method [48]. A coding tree was created
to outline the discovered themes and concepts. In addition,
memos were composed with exemplary quotes for each theme;
any exemplary quotes collected in Spanish were translated into

English. Memos were discussed with the study team to ensure
dependability and credibility in theme development [49]. The
data were placed into larger themes and factors to
comprehensively explain how the phenomena occurred. Further
data validation was conferred by triangulating the thematic
analysis results with those of the content analysis [50] and is
discussed in the original paper [37].

Ethics Approval
This study was approved by the Johns Hopkins School of Public
Health institutional review board (IRB8484).

Results

Overview
Our study sample comprised 20 self-identified Latino and Latina
Facebook users aged 40 to 75 years without a history of cancer
(average age 54.2, SD 7.4 years) and represented 7 distinct Latin
American subethnic groups from the Caribbean, Central
America, and South America; 9 (45%) participants were fully
bilingual, 6 (30%) preferred Spanish, and 5 (25%) preferred
English. Participants were mainly female (15/20, 75%) and
heavy Facebook users, with most (17/20, 85%) reporting
checking their Facebook at least once a day. Facebook was most
commonly used for social interaction (17/20, 85%) and
information sharing (15/20, 75%). Participants had a median
value of 357 (IQR 189.5-544.5) Facebook friends and followed
a median of 20 (IQR 4.5-56) Facebook groups; only one of the
participants followed cancer-related Facebook groups. A detailed
description of the sample is available in the main study [37].

Overall, participants reported engaging with 66 posts containing
cancer prevention and screening information (4.1 average posts
per participant) in the previous year. Data emerging from the
social media content and context elicitation method
demonstrated that participants mostly engaged with cancer
prevention and screening information by viewing and/or reading
content (48/66, 73% posts) rather than by liking, commenting,
or sharing posts (18/66, 27% posts). Furthermore, it provided
rich content regarding how Latinos and Latinas engage with
and act upon cancer prevention and screening information on
Facebook [37]. In the following sections, we explore 2 sample
cases to illustrate how a mixed methods approach provides rich
insight that is otherwise missed when quantitative methods are
used alone. These 2 cases were selected as they were emblematic
of the broad range of information elicited from our sample that
goes beyond only quantifying engagement. Participants’names
have been changed to protect their identities.

Case 1: Rogelio
Rogelio was a bilingual Cuban male aged 61years. He had
>1800 Facebook friends and followed 131 Facebook groups,
none of which were related to cancer. He considered himself a
very active Facebook user, logging in multiple times a day and
using the platform for social interactions, searching for and
sharing information, seeing what others are doing, and
maintaining his cultural identity. During the interview, 13
cancer-related posts were discussed, all of which had a video
or image, for he believed that “if it doesn’t enter through the
eyes, it doesn’t reach you.” Although he engaged with all 13
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posts by reading the content, he did not like, comment, or share
any of these on his profile. All but 1 of these posts were shared
by friends in his network; the other was shared by a Facebook
group to which he belonged. A total of 6 posts were related to
natural remedies or foods with curative properties against cancer,
1 was about a free skin cancer screening event, and 1 was about
free colorectal and prostate cancer educational sessions for
Latino men; the remaining posts were related to cancer
survivorship and prayer requests.

Although Rogelio used his Facebook account frequently
throughout the day, he explained that he rarely liked,
commented, or shared content on his profile as he could not let
others know he was on Facebook during work hours. Therefore,
instead of engaging with a post through these metrics, he would
send himself interesting posts through Facebook Messenger

(the platform’s messaging tool). In this manner, he could read
the post at a later time. He also explained how he and his wife
regularly shared information related to diet and foods with
preventive and/or curative properties through Facebook
Messenger. Many times, after discussing content that either one
engaged with on Facebook, he would decide whether they would
incorporate these natural remedies into their daily lifestyle; he
mentioned doing this with the 6 posts discussed during the
interview. For example, he described how he and his wife started
to eat papaya seeds after he read a post stating that “they are
[sic] magical cure for gut, kidney, liver, cancer and many other
diseases” (Figure 2). This post described how to consume
papaya seeds and outlined 8 benefits, including that papaya
seeds “have agents that can stop the growth of tumors and cancer
cells, [and] contain isothiocyanate, which helps with breast,
colon, leukemia, lung and prostate cancer.”

Figure 2. Image of the papaya seed post that Rogelio discussed.

Rogelio also stated that, although Facebook was one of his main
sources of information, he rarely—if ever—verified the
information he engaged with on the platform. Instead, he relied
on the seriousness of the people who post content on their
profiles, stating that his friends from church or those aged >40
years are serious and do not share fake news. He also relied on
his previous knowledge about a topic and believed that posts
about the curative properties of foods are more credible than
other topics. For Rogelio, engaging with information through
a post was sufficient for him and his wife to incorporate natural
remedies into their diets, regardless of whether the post cited
an information source.

Finally, his cultural values and Cuban heritage came up
frequently during the interview. He tended to have a fatalistic
view about cancer, which emerged in multiple discussions. For
example, he recalled seeing a post pertaining to 2 educational
events for men about colorectal and prostate cancer. When he
saw it, he immediately said he never attended such events as

speaking about these topics is like inviting the disease into your
life:

It’s like not wanting to speak about the topic, so it
doesn’t happen to me. As if talking about [colorectal
or prostate cancer] puts it in my cabinet.

He believed this avoidance is a very negative Latin American
custom; however, he claimed Latinos and Latinas rather look
the other way when these topics emerge.

Case 2: Luisa
Luisa was a Puerto Rican female aged 63 years who preferred
English. She had 370 Facebook friends and followed 268
Facebook groups, none of which were related to cancer. She
also considered herself an avid Facebook user, logging on
multiple times a day and using the platform for social
interactions, searching for and sharing information, passing
time, entertainment, relaxing, expressing her opinions, seeing
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what others are doing, advocacy, and convenience. During the
interview, 11 cancer-related posts were discussed, 5 of which
contained cancer prevention and screening information she
engaged with. Another 2 posts containing cancer prevention
and screening information were discussed as they grabbed her
attention during the interview; she had not recalled seeing them
previously but stated that she would have read them if she had
as they were posted by a friend who she deemed a trustworthy
source of health information. The remaining discussed
cancer-related posts pertained to cancer survivorship and
requests for prayer for survivors of cancer. She shared only 1
post on her profile; she did not like, comment, or share any of
the other posts discussed.

When discussing her Facebook use patterns, Luisa stated that
she sometimes did not engage through likes, comments, or
shares as she was just scrolling through her timeline and did
not stop to perform these actions. However, she said this does
not mean that she failed to read or watch the content. She gave
an example of being at the grocery store line while scrolling
through her Facebook: she might watch an interesting video but
does not stop to share it with others, only sharing content when
“relaxed.”

Luisa was very interested in topics pertaining to cancer
prevention, particularly those related to a healthy diet. She
discussed superfoods frequently and stated her preference for
natural remedies over medication. For example, when discussing
a video that included “10 alkaline foods that prevent and treat
diabetes, gout, heart disease, and cancer,” she stated that it was
the images of different superfoods that initially grabbed her
attention, not the cancer prevention claims. She also mentioned
that repetition surrounding the benefits of superfoods confirms
the credibility of such information. She gave an example of this
while discussing engagement with a post about soursop, which
stated that it “has been used by many people to fight against
cancer cells.” Luisa said that she was familiar with the curative
properties of soursop as she had heard this often from friends
and family in Puerto Rico. In fact, she had tried to incorporate
it into her diet but had not been able to find it in any local
supermarket.

Throughout the interview, Luisa continuously mentioned having
seen a post about juicing as a way of preventing cancer. She
recalled having seen the post on Facebook and copying the
recipe on her phone’s notepad app. In discussing this, she also
mentioned using Facebook Messenger to send herself articles.
At the end of the interview, we were able to find the post by
entering the search term cancer juice. The post claimed that the
super juice recipe “is designed to help us combat breast cancer,
as well as helping to starve off all potential cancer cells within
the body.” It also stated that the juice cannot be blended as it is
a therapy tonic that must be prepared using a juicer. The recipe
called for broccoli, kale, cauliflower, fresh ginger root, apples,
and carrots. She shared that she had since incorporated this juice
into her diet, asking for it to be prepared for her when she goes
to the supermarket. When asked, she said she decided to include
this juice as part of her diet as she considered the friend who
posted the recipe to be an extremely trustworthy source of health
information. This friend came up 4 times during the interview
as she often shared information about natural remedies against

many diseases on Facebook, a topic Luisa was very interested
in. As Luisa considered this person a trustworthy source of
information, she said she rarely further verified the content she
posts and might instead just send her any questions through
Facebook Messenger. She trusted that her friend had already
verified the content shared, although all the websites shared by
her friend lacked sources of evidence-based information. When
she does decide to verify any information she finds on Facebook,
she goes to Google and WebMD.

Discussion

Principal Findings
This study presented a qualitatively driven, mixed methods
approach to explore how individuals engage with health
information on Facebook (specifically, cancer prevention and
screening information) and the impact engagement may have
on subsequent behavior. In doing so, it expands upon what is
known regarding cancer information engagement on social
media, which predominantly stems from quantitative
methodologies. The current literature operationalizes
engagement with information on Facebook through likes,
comments, and shares, with some studies further categorizing
engagement into levels by type of engagement [16,18-20,25,31].
However, the social media content and context elicitation
method adds yet another layer of nuance to public health’s
current conceptualization of engagement by providing insight
into the different ways people may process and act upon
information, particularly individuals who would rather not like,
comment, or share posts they consume. As exemplified in the
aforementioned case studies, individuals may choose to read,
discuss, or even change their behavior based on cancer
prevention and screening information they consume without
liking, commenting, and/or sharing the information. The
aforementioned case studies also show that some individuals
may circumvent liking, commenting, and/or sharing by using
other messaging platforms to store or share information with
others, such as Facebook Messenger and WhatsApp. These
findings highlight the importance of exploring how platform
interconnectivity affects health information engagement. As
such, the presented methodology can assist in developing more
comprehensive models describing engagement with health
information on social media, responding to calls for a more
thorough understanding of engagement on the social media
landscape [15].

Consistent with previous literature [35], there are many reasons
individuals do not engage with content in ways visible to others
on social media. However, this decision is not indicative of a
lack of engagement: both cases discussed in this study
demonstrate ways in which individuals engage with and even
disseminate posts while circumventing likes, comments, and
shares. Discounting these aspects of engagement provides a
limited explanation of the impact of health information in the
social media landscape. This is of paramount importance in the
current web-based environment, which is increasingly
bombarded with misinformation on a broad range of topics. The
social media content and context elicitation method is able to
obtain a robust account of how individuals engage with health
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misinformation, what grabs their attention, how they perceive
it, and how they incorporate this information into their daily
lives. These insights are necessary to counteract the impact
misinformation may have on the uptake of cancer prevention
and screening recommendations, which is a growing area of
research interest [1]. Although we explore the ramifications of
engagement with cancer prevention and screening
misinformation in a forthcoming publication, other researchers
have already adapted the social media content and context
elicitation method to explore the factors related to engagement
and disengagement with COVID-19 information on the web
[51]. As such, the social media content and context elicitation
method may be of particular interest to public health efforts
developing social media campaigns targeting misinformation
among populations with lower digital and/or health literacy.
This method can also provide further insight into features that
affect engagement and contribute to the dissemination of
accurate cancer information, particularly those conveying
prevention and screening recommendations. This method may
also be applied to future studies regarding how to best
communicate health information on these platforms, an
important step toward addressing health disparities.

The process of developing this mixed methodology led to several
insights. First, it is important to have a thorough understanding
of the social media platform to be explored and its features to
maximize how data can be accessed and used for research. In
this study, understanding the features that Facebook provides
when searching for content on the platform allowed the
development of a detailed process to access content alongside
participants that may otherwise not be accessible. It also allowed
researchers to chronologically discuss content in person with
participants, which overrides any algorithms that may affect
the visibility of content, while also providing a glimpse to the
overall cancer information landscape participants encounter on
Facebook. This content not only included cancer prevention
and screening information but also information about cancer
survivorship, treatment, research, and other cancer topics. In
fact, posts with cancer information unrelated to prevention and
screening were more common than posts about cancer
prevention and screening. Another important observation is that
research teams must adapt to the quickly changing nature of
social media platforms when embarking on such research efforts.
For example, midway during data collection, it was observed
that Facebook added a new filter option to their search, which
enables users to look only at Posts you’ve seen. Although details
on how Facebook determines which posts a person has seen are
not readily available, including this filter in future research
using the methods described in this paper would reduce potential
participant recall bias [52].

There are also important ethical considerations researchers must
take into account when developing new methodologies to
explore content in an increasingly unreliable information
landscape on social media. One of these considerations entails
privacy concerns. This study took place several months after
Facebook’s Cambridge Analytica scandal, where the information
of 50 million American Facebook users was used to identify
voters’ personalities and influence voting behaviors in the 2016
election [53]. In an additional measure of clarity, the study team

developed an additional information sheet for participants that
outlined privacy expectations, what data would be captured,
and what would and would not be done with captured data once
deidentified. It also included images that provided an example
of how the discussed posts would be deidentified before
analysis. This sheet was discussed in person during the informed
consent process and served as a useful resource to ensure
participants fully understood the study methods and measures
taken to protect the privacy of secondary data. Thus, it is
important to be up to date on current events pertaining to social
media platforms and issues concerning privacy and other
policies that may increase perceptions of mistrust among the
general public. It is also important to ensure that potential
participants are extremely clear in their understanding of data
safeguards in studies that use the aforementioned methods or
any other mixed methodologies that capture information from
a participant’s social media account or accounts.

This study has several limitations. First, on a practical level,
the method described is labor intensive and requires a detailed
data collection and management protocol, increasing the
resources needed to conduct similar research on a larger scale.
This approach may also not be appropriate for more sensitive
health topics or individuals who may find these in-depth
methods too strenuous. Second, although participants accessed
their Facebook accounts on a study laptop, 60% (12/20) of
participants reported only accessing their accounts on their cell
phones. The visual layout of Facebook’s website version is
different from that of its mobile app. This difference in
visualization may have affected the ability of some participants
to fully recall some posts they previously engaged with as they
looked different on the computer screen. Future studies
conducting this type of methodology may want to explore using
a mobile device to collect data. They may also incorporate the
aforementioned new Posts you’ve seen filter to minimize recall
bias more generally, as self-reported recall may capture only
content that people more deeply engaged with rather than all
content to which they were exposed and maybe glanced over.
Finally, only posts that included the search terms in the text
emerged in the search during the data collection process,
inevitably excluding posts that did not contain some kind of
text feature (eg, posts with only a picture or a direct link to a
video). It also excluded posts that discussed cancer-related topics
but did not, at minimum, include the word cancer, whereas it
included posts unrelated to the disease (eg, astrology-related
posts or those equating current events in Latin American politics
to cancer). Future studies should ensure they possess a
comprehensive list of search terms encompassing multiple areas
of the study topic while understanding that an increase in search
terms adds time to the interview.

Conclusions
The social media content and context elicitation method shows
potential for a deeper contextualization of engagement with
health information on social media. Conducting interviews to
complement the quantitative content analysis of elicited posts
allows a deeper understanding of the reasons and ways
engagement with health information on social media occurs,
which cannot be done by observing web-based content alone
[54] or by asking questions that require recall about a topic that
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may not be salient to most (ie, cancer prevention and screening
information engagement). This mixed methodology also allows
a discussion of how message engagement may be a result of
offline interactions and relationships and how these affect
assessments of message credibility and accuracy. Our findings
provide insight into the preferred source and content
characteristics of information on social media that triggers
engagement and subsequent action among specific groups and
vulnerable populations, laying foundational work for the

development of future measures and empirical research
exploring innovative and participatory health communication
on social media platforms. Future steps for the research
described in this paper include data integration and the
development of a final conceptual model to help visualize the
process of engagement with cancer prevention and screening
information on Facebook among Latinos and Latinas in the
United States.
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We read the paper by Dewa et al [1] with interest. The authors
performed a meta-analysis to conceptualize, appraise, and
synthesize evidence on quality social connection (QSC) within
digital interventions (D-QSC) and the impact on depression and
anxiety outcomes for young people aged 14-24 years. They
demonstrated that “D-QSC is an important and underconsidered
component for youth depression and anxiety outcomes.
Researchers and developers should consider targeting improved
QSC between clinicians and young people within digital
interventions for depression. Future research should build on
our framework to further examine relationships among
individual attributes of QSC, various digital interventions, and
different populations.” After carefully reading, I wish to put
forth the following suggestions.

Two studies [2,3] in Table 2 (“Data extraction and quality
assessment of included studies”) were created by the same
author team (Radovic et al) with similar characteristics (year,
country, study design, setting and participants, digital
intervention, and outcomes and measures). This duplicate
inclusion of data would affect the credibility of the final results
of the meta-analysis. I recommend that the authors exclude
duplicate works in the meta-analysis and that a correction and
reliable checking of the data insertion is required.

Due to these mistakes, I suggest that the authors further refine
the inclusion criteria for the included studies to avoid duplication
of inclusion.
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We congratulate Margus and colleagues on their interesting
study documenting emergency medicine physicians’ use of
Twitter preceding surges in COVID-19 cases [1]. The
correlations discovered between tweet count and hospital case
numbers represent a unique instrument to assess epidemiologic
trends related to the COVID-19 pandemic [1]. An additional
subanalysis by geographic region may provide enhanced insight
into the efficacy of social media utilization as a predictive tool
for emergency medical resource allocation. We commend the
authors for their extensive search criteria employed to accurately
identify US emergency medical physicians; however, this
study’s complex methodology highlights the lack of an official
role and verification process for physicians on social media.

On Twitter, there is no specific criteria listed for verification of
medical professionals. Instead, verification is based on notability
criteria associated with representing a notable individual or
brand [2]. These criteria exclude any physicians without a
sufficiently large following from being verified on Twitter,

making it more difficult for Twitter users to identify legitimate
medical professionals lacking a large following. As health
professionals and researchers are further encouraged to utilize
social media for professional purposes, additional verification
criteria specific to medical professionals may prove beneficial
in the future [3].

In 2010, the American Medical Association issued guidelines
regarding the ethical use policy to aid physicians in navigating
social media [4]. However, the role of physicians on these online
platforms has not been uniformly described. Physicians may
interact with one another, and this is evident with Med Twitter,
an open-source, decentralized forum for information sharing,
medical education, and professional networking, as well as the
increasing use of social media in residency recruitment [5]. The
observed correlation by the authors of this study may be
indicative of such communication by emergency medicine
physicians. Continued use of such platforms across medicine
may reveal additional relationships such as this predictive model.
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Perhaps a potential role may be to extend physicians’
professional impact in education and patient advocacy.

As time moves forward, the use of social media in medicine
will continue to expand beyond prediction as will its potential
pitfalls. Margus and colleagues’ article [1] brings up a positive

prospect of social media in medicine, and it is important that
physicians understand the current limitations of these innovative
platforms. We believe that physicians need medicine-based
verification for social media in addition to clearly established
roles for physicians from national governing bodies.
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The review paper by Uslu and Stausberg [1] certainly sheds
some light on the positive impacts of electronic medical records
(EMRs) in the hospital context. The emergence of such papers,
as fruitful as they could be for minimizing skepticism among
hospital executives and managers and compelling them to
embark on the digitization journey, could introduce hasty and
immature uptake of the technology, if biased. As a researcher
heavily focused on health care digitization, I can debate that the
results presented in the format of a review in the said paper are
not impartial.

As highlighted by the literature, the improvement of processes
caused by EMRs, as valuable as it is, may not contribute to
patient outcome criteria (ie, mortality rate), and this has been
one of the lengthiest debates in the field of digital health [2].
Thus, the authors’ statement “the review also showed
improvements in quality of care by all respective studies” struck

me as a great surprise. Further examination of the paper has
brought to light that this statement was overpowered by some
flaws in the study.

The bias toward declaring positive results from studies that
either lacked or presented statistically insignificant positive
outcomes (as noted in the original paper) is the major downside
of this review. For example, Uslu and Stausberg [1] noted a
positive association between EMR adoption and efficiency in
the study by Adler-Milstein et al [3]. Surprisingly, in the original
study, the authors clearly declared no significant association
with regard to efficiency.

Additionally, Uslu and Stausberg [1] did not draw a clear line
between the types of quality criteria (safety, timeliness, process,
and patient outcomes), which not only is confusing to readers
but also does not demonstrate the magnitude of improvement
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in each dimension. As such, a criterion such as mortality rate
that does not normally show a significant improvement would
be overpowered by process outcomes, which often behave
reversely.

The aim of the study to “summarize empirical studies about the
value of electronic medical records (EMRs) for hospital care”
does not justify the inclusion of a few studies [1]. For example,
“Higher rates of adoption of key EHR functions among
high-quality hospitals” was reported as the result of Elnahal et
al [4]. The aim of the said study can show the association
between the presence of high quality in targeted hospitals and
the presence of IT (information technology). Thus, it is not clear
if high quality was derived by the EMR or whether high-quality

hospitals adopted EMRs to maintain their status as a high-quality
hospital. As the authors noted, “high quality and EHR adoption
may be linked”; however, this is no strong evidence on which
review studies can rely. On the other hand, the exclusion of
computerized physician order entry (CPOE) was not explained
by the authors as many EMRs already incorporate CPOE
functions. By contrast, some studies included in the review, for
example, Elnahal et al [4], mentioned the existence of CPOE
in most high-quality hospitals in their sample.

To conclude, since the outcomes of secondary studies are often
consulted by managers and politicians in the health care sector,
researchers must be vigilant of the extensive impacts of research
bias on fundamental decisions that they may cause.
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We thank Shakibaei Bonakdeh [1] for the critical comment on
the positive impact of digital interventions. It would be the
ultimate success of medical informatics research to be
recognized by hospital executives and managers. However, we
are not convinced that the previous national initiatives for the
implementation of electronic records were evidence-based,
neither in England, Germany, nor the United States. Following
the scene of electronic records for 30 years, recognizing the
literature of 50 years, and having been responsible for the
selection and management of electronic records in hospitals,
our view was truthfully impartial. We were willing to accept
scientific evidence independently of pre-existing opinions even
if the clear result was a surprise [2].

First, we want to clarify that we did not evaluate digital
interventions in general, as indicated by the letter’s headline.
In our study, we sought to focus on electronic medical records
(EMRs) as specific types of electronic records. However, we
were confronted with several challenges concerning the
definition and specification of the technology, as partly
addressed in the letter. For example, excluding studies focusing
on computerized physician order entry (CPOE) on the one hand
did not mean excluding studies on EMRs that offer CPOE
support on the other hand. It would be a step forward to have a
standard not only for the reporting of results such as PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) but also for the labeling of digital interventions.
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Concerning the results of the included studies, we aimed to
draw the utmost benefits from the details. This could mean
overriding the studies’ conclusions, as stated in our limitations.
In the case of Adler-Milstein et al [3], we probably overweighted
the improved efficiency in the post meaningful use period
(2010/2011). We apologize if we did not meet the common
appraisal in all cases. However, the results of Adler-Milstein et
al [3] fully support the conclusions from the whole set of
included studies with a clear positive effect on the quality of
care and an ambiguous economical implication. The appropriate
evaluation criteria of EMRs should be put up for discussion. It
may be unreasonable to expect a reduction of mortality from
its implementation. We would be honored if our series of
reviews contribute to realistic expectations toward the effects
of EMRs on different types of quality criteria.

Second, the other points of criticism were related to the context
of EMR implementation. Studies about the effects of EMRs are
faced with a double complexity [4]. The implementation of an
EMR will involve the whole organization of hospital care, will
alter health care processes, and will include a wide range of
functionalities (EMR as a complex intervention). The setting
of the implementation of an EMR is complex too, with different
professions, different specialties, different levels of care, etc
(complexity of the context). For example, the readiness for
change and managing change might be more important for the

success of an EMR implementation than specific technological
issues [5]. It could be argued that well-prepared organizations
will benefit more from an EMR than less prepared organizations.
In extreme cases, less prepared organizations will get worse
with the same EMR solution that helped well-prepared
organizations to further improve patient outcomes. We agree
with Shakibaei Bonakdeh [1] that there could be a coexistence
effect in studies using secondary data. Hospitals attempting to
improve care by implementing an EMR should be advised to
analyze thoroughly their current state, to eliminate reasons for
inappropriate care in advance, and to be well prepared for the
technology.

Medical informatics science is confronted with the digitization
of health care independently from its input and participation.
Due to the high penetration of electronic records, interventional
studies will no longer be possible for this technology in
developed countries. Nevertheless, at times, society will seek
help from medical informatics science, especially if political
expectations fail. Frequently, low-hanging fruits determined
the reaction of researchers in the past. It would be a major step
forward if medical informatics science is willing to act as a
collective community grounded on scientific evidence. With
this regard, we express our appreciation for Shakibaei
Bonakdeh’s [1] feedback.
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We welcome feedback from the authors Deng and Qin through
their comment [1] on our paper “Quality Social Connection as
an Active Ingredient in Digital Interventions for Young People
With Depression and Anxiety: Systematic Scoping Review and
Meta-analysis” [2]. They suggest that two included studies [3,4]
should not be included in our review as individual studies as
data extraction and quality assessment of both studies is the
same, and that this impacts the quality of the meta-analysis. We
have the following response. First, our review is scoping in
nature, therefore we included and extracted any study that
matched our inclusion criteria and appropriately extracted each
study separately. Second, both studies have different designs

and methodologies, and obtain different outcomes. For example,
one study is a co-designed study, and the other is a qualitative
study; therefore, neither study should be included in the
meta-analysis itself. Third, these studies are included and
discussed in the review in relation to indicators of quality social
connection within digital interventions and each study finding
is different. In this case, different data are presented and
referenced in relation to distinct digital intervention mechanisms
that facilitate quality social connection and they are
appropriately presented separately. For example, the importance
of anonymity is mentioned in one but not the other. Finally, we
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have already discussed the statistical and methodological
variation within our scoping review as a potential limitation.

Thank you for considering our response to the comment.
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We would like to respond to Wee et al’s paper, “Measurement
Properties of Patient-Reported Outcome Measures for Diabetes:
Systematic Review” [1]. We appreciate the herculean effort
undertaken to summarize all diabetes-related patient-reported
outcome measures (PROMs). However, we have some concerns.

First, despite the large amount of identified PROMs (N=238),
there are still many PROMs missing [1]. In our systematic
review of PROMs measuring health-related quality of life
(HRQOL) in people with type 2 diabetes (currently under
review), which was performed in the same time period and using
the same databases, we identified 116 HRQOL PROMS. Of
these, >50 were missing in Wee et al’s review [1]. Missing
PROMs include, for example, the National Diabetes Register
Survey [2], which in our review showed the best content
validity. We think this incompleteness is due to a lack of
alternative search strategies, such as checking references. We
were surprised that the authors [1] identified no papers through
hand-searching, while about one-fourth of the included papers
in our review were identified through reference checking.

Second, the authors [1] used the COSMIN (Consensus-Based
Standards for the Selection of Health Measurement Instruments)
methodology to summarize the evidence on the quality

(measurement properties) of the PROMs. However, contrary to
the COSMIN guidelines, the quality of the PROMs was not
rated for each PROM subscale separately, even though
measurement properties can vary among subscales.

The limitations of this review [1] underscore the problematic
status of PROMs in diabetes: there is no consensus on what
doctors and scientists want to measure, and it is unclear what
is most relevant to measure. The content of the existing PROMs
is very heterogeneous; there are too many PROMs out there
and many are of questionable validity. This hinders value-based
health care and limits the value of PROMs when attempting to
determine which treatment works most optimally. More
awareness is needed, supported by recent initiatives on
developing core outcome sets for people with diabetes [3-5].
We should start using those core outcome sets in our research
and care for people with diabetes.

In conclusion, there is still a need for a high-quality systematic
overview of all available PROMs for people with diabetes, with
emphasis on the constructs being measured, and a
comprehensive evidence synthesis of the measurement
properties of all (subscales of) PROMs. This would allow
researchers and doctors working with people with diabetes to
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make informed choices on which PROMs to use for value-based health care.
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We would like to respond to the letter written by Rutters et al
[1] with regard to our paper, “Measurement Properties of
Patient-Reported Outcome Measures for Diabetes: Systematic
Review” [2]. We noted the concerns from Rutters et al [1], but
we would like to offer some explanations.

First, the selection criteria of our systematic review were
restricted to patient-reported outcome measures (PROMs) that
are tested in patients with type 2 diabetes mellitus (T2DM) only.
The study on the development and validation of the National
Diabetes Register Survey included patients with other forms of
diabetes (ie, type 1 diabetes) [3], and, therefore, was excluded
from our analysis. We focused on T2DM since existing evidence
has demonstrated that patients’ behaviors influencing disease

management differ by different diabetes subtypes [4,5].
Therefore, the PROMs used to guide interventions and patient
care may be different and should be reviewed separately.
Another consideration was related to our concerns that
combining all validation studies of PROMs in different forms
of diabetes would reduce the readability of the paper due to the
large number of studies available.

Second, due to the large number of PROMs included in the
review, we decided to analyze the measurement properties of
the PROMs on a per-PROM basis instead to maintain the
readability of the paper. We also agree with Rutters et al [1]
that many health-related quality of life (HRQOL) PROM
subscales do not measure HRQOL but actually measure overall
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quality of life, and that characteristics of the individual or
environment should be considered patient-reported experience
measures. This is further complicated by the issue of problematic
definitions of HRQOL in the literature [6]; thus, further study
detailing the different constructs measured by subscales of
PROMs is warranted.

We are grateful that the authors have taken the effort to provide
constructive comments on our paper. The issues brought up by
Rutters et al [1] echoed the need to have consensus between
clinicians and psychometrists to measure what is relevant to
patients. The content of the existing PROMs is indeed
heterogeneous, and there are too many PROMs that have

questionable validity. We agree that more awareness is needed,
including developing and implementing core outcome sets for
patients with diabetes.

In conclusion, there is a need for a systematic review to
summarize all available PROMs for patients with diabetes with
emphasis on the constructs being measured, as well as a
comprehensive evidence synthesis of the measurement
properties of all subscales of PROMs (which was not the focus
of our systematic review). Clinicians and researchers should
work with patients with diabetes to develop a core outcome
measurement set for use in diabetes care and research.
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(J Med Internet Res 2022;24(3):e37679)   doi:10.2196/37679

In “Using Participatory Design Methodologies to Co-Design
and Culturally Adapt the Spanish Version of the Mental Health
eClinic: Qualitative Study” (J Med Internet Res
2019;21(8):e14127), the authors noted one error.

In the originally published article, a value appeared incorrectly
in the following sentence.

A total of 7 health professionals participated in the
workshops; 6 were female and their ages ranged from
22 to 24 years (median age 28 years).

This has been corrected as follows:

A total of 7 health professionals participated in the
workshops; 6 were female and their ages ranged from
22 to 34 years (median age 28 years).

The correction will appear in the online version of the paper on
the JMIR Publications website on March 4, 2022, together with
the publication of this correction notice. Because this was made
after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article has also been resubmitted to
those repositories.
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In “COVID-19 Vaccine Tweets After Vaccine Rollout:
Sentiment–Based Topic Modeling” (J Med Internet Res
2022;24(2):e31726) the authors noted one error.

In the originally published paper, Figure 8D showed incorrect
colors. The top line was intended to be blue, and the bottom
line was intended to be red.

In the corrected version of the paper, Figure 8D has been revised
as follows: the top line is now blue, and the bottom line is now

red. The correct figure is provided below. The originally
published Figure 8 is in Multimedia Appendix 1.

The correction will appear in the online version of the paper on
the JMIR Publications website on March 11, 2022, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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Figure 8. Daily average positive and negative sentiment scores for (a) Johnson & Johnson, (b) AstraZeneca, (c) Pfizer, and (d) Moderna vaccines and
sentiment trends for (e) Johnson & Johnson, (f) AstraZeneca, (g) Pfizer, and (h) Moderna vaccines.

 

Multimedia Appendix 1
The previously published Figure 8.
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(J Med Internet Res 2022;24(3):e38199)   doi:10.2196/38199

In “Clinical Outcomes Among Working Adults Using the Health
Integrator Smartphone App: Analyses of Prespecified Secondary
Outcomes in a Randomized Controlled Trial” (J Med Internet
Res 2022;24(3):e24725), the following correction was made:

In the originally published article, the names of peer reviewers’
names inadvertently included an additional reviewer.

The correct statement of peer review should be “peer-reviewed
by X Guo.”

The correction will appear in the online version of the paper on
the JMIR Publications website on March 24, 2022, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “Gender-Specific Impact of Self-Monitoring and Social Norm
Information on Walking Behavior Among Chinese College
Students Assessed Using WeChat: Longitudinal Tracking Study”
(J Med Internet Res 2021;23(12):e29167), one error was noted.

The foundation number of the National Natural Science
Foundation of China was mistaken. In the originally published
paper, under “Acknowledgments”, the foundation information
was listed as follows:

This research was supported by Beijing Natural
Science Foundation (BNSF, 9172019), the National
Natural Science Foundation of China (NSFC,
7170111) …

This has been corrected to:

This research was supported by Beijing Natural
Science Foundation (BNSF, 9172019), the National
Natural Science Foundation of China (NSFC,
71471171) …

The correction will appear in the online version of the paper on
the JMIR Publications website on March 31, 2022, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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Abstract

Background: One of the most significant changes in the majority of postsecondary educational institutions was the closure of
those institutions and the shift of educational activities to online distance learning formats as a result of the COVID-19 pandemic.
Closure combined with forced online distance education (FODE) was a cure with many side effects, 1 of them being the effect
on students’ mental health and, more specifically, levels of stress. Due to the novelty of the situation, there have been no studies
so far designed to link satisfaction with online study, feelings toward the study obligations, and stress among students.

Objective: The aim of the study is to assess the perceived stress of Slovenian postsecondary students in order to identify the
online study–related factors affecting or acting as a covariate during the COVID-19 lockdown.

Methods: Data collection was conducted through a self-reported survey as part of a large cross-sectional study based on data
collected from postsecondary students from a number of higher educational institutions. The random sample consisted of 4455
individuals. The Perceived Stress Scale (PSS-4), Satisfaction with Online Study Scale (SAT-5), and Feelings Towards Study
Obligations Scale (FETSOS) were used to assess the constructs and the relations observed within the study.

Results: The results indicate that more than half of all respondents reported high levels of stress. The difference in the reported
levels of perceived stress between genders were statistically significant (N=4454, F2=56.719, P<.001, Cohen d=0.35). Overall,
the results suggest that a decline in the motivation to study, the quality of internet and mobile connections, and the presence of
distracting factors in the study space were the 3 main factors related to the students’ negative emotions as associated with the
timeliness, performance, and quality of the study obligations. Furthermore, the results show that the level of satisfaction with
online study affected stress such that the higher the satisfaction, the lower the stress. Moreover, the more positive feelings connected
with the timeliness, performance, and quality of the study obligations that the students felt, the more satisfaction they reported
with online study and, thus indirectly, lower stress and less negative feelings.

Conclusions: The findings of this study call for implementing structures and measures targeted at stress reduction, working
conditions, and pedagogy with regard to FODE.

(J Med Internet Res 2022;24(3):e30778)   doi:10.2196/30778

KEYWORDS

online study; stress; COVID-19; postsecondary students; pandemic; epidemiology; educational institutions; online education;
pedagogy; mental health
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Introduction

Academic environments have always been known for the
presence of stress, anxiety, and depression [1,2]. The closure
of postsecondary educational institutions induced by COVID-19
brought about many changes to almost all areas of study. In this
context, study mostly takes place online and at a distance.
Because of its compulsory nature, it has been recognized as
forced distance education (teaching, learning) and in its online
form as forced online distance education (FODE) [3]. Moving
lectures and courses online has not only changed the format of
courses but also brought with it several side effects [4]. One of
the most often reported side effects of FODE is the impact on
students’ mental health, with stress, anxiety, and depression
being the most commonly reported impacts worldwide [5-7],
with some subpopulations being more vulnerable than others
[8]. Students seem to be at greater risk of mental health problems
due to social distancing, as well as FODE and other measures
to prevent or reduce the risk of transmission of coronavirus
(SARS-CoV-2), such as restrictions on movement and
gatherings [9]. Previous research has shown a link between
psychological distress and symptoms of mental disorders or
problems with outbreaks of infectious diseases [10,11]. Research
has shown that during the COVID-19 pandemic also,
psychological reactions, such as stress, anxiety, and depression,
have been common [12,13] among students as well [14-21].
Several studies have reported high or increased prevalence of
stress among this population [6,8,17,19,22,23], associated with
factors such as fear and worry about one’s own health or that
of loved ones, difficulties concentrating, disrupted sleeping
patterns, reduced social interaction, and increased concerns
about academic performance [19], which raises concerns about
the mental health of postsecondary students.

The studies reviewed most often searched for predictors of
increased mental health problems during a lockdown in
socioeconomic domains, previous (mental) health episodes,
living conditions, and, more rarely, the domain of education
[24-26]. The majority of studies, produced by professionals
from the fields of psychology and psychiatry, most often suggest
solutions for building resilience among students, counselling,
and, at the last instance, medication [8,27]. However, the
solution for students can lie not only in improving
self-supportive and institutionally supported measures for those
with mental health problems but also in reducing sources of
stress where and when possible. However, many studies of
online distant (remote) education in the educational research
domain are from the pre-COVID-19 era. The pandemic has put
these previous findings into a new context. Those
pre-COVID-19 findings cannot be easily transferred, because
the earlier studies were based mostly on voluntary decisions,
while at least during the first lockdown, the transition was forced
and not tailored to the best standards of remote education. In
the words of Hodges et al [28], “Everyone involved in this
abrupt migration to online learning must realize that these crises
and disasters also create disruptions to student, staff, and faculty
lives, outside their association with the university.”

In recent research, perceived stress has been measured as an
output variable, as a covariate with several manifestations of

mental health problems, such as anxiety and depression (among
numerous others), commonly associated with pandemic
measures [12,29]. The input constructs included factors extracted
from the exploratory analysis of variables believed to be
stressors produced in relation to learning experiences, and thus
can be manipulated by educational institutions and educators.
As an intellectual framework, we followed the Sternberg theory
of successful intelligence [30], as elaborated for FODE in
Dolenc et al [4], which claims that educators “have the choice
of adapting to the new environment, adapting the environment
or changing the environment, while students can only adapt to
the environment.”

Postsecondary students can be regarded as 1 of the most
important investments of every society in its future prosperity
[1]. It is obvious that the share of individuals with higher
education should and will rise in the coming generations [31].
There is also a trend toward the digital transformation of
education, with the transition to more or less blended forms of
education with promises of “anywhere (any place) – any time”
learning experiences [32,33]. These trends call not only for an
increase in the number of study places and the digital
transformation of communication channels at educational
institutions (colleges, higher schools, academies, faculties,
universities, etc) but also for greater support for student
well-being. In the transitional period between adolescence and
adulthood, postsecondary educational institutions should be
concerned with the quality of the learning outcomes of diverse
student populations in line with student health and well-being.
As such, the findings and experiences from the COVID-19
lockdowns should not be forgotten but should be taken not only
as an opportunity to identify problems that may have been
masked and unacknowledged before the lockdown but also as
an incentive to address them. In line with these intentions, the
first part of this study is descriptive, with the second part
suggesting prescriptive measures.

The aim of the study was twofold. The primary focus was on
assessing the mental health of Slovenian postsecondary students
and identifying the online study–related factors affecting or
acting as a covariate with it during the COVID-19 lockdown.
The data used in this study were collected from postsecondary
students from various higher educational institutions as part of
a project titled “Measures in the Field of COVID-19 Spread
Management With a Focus on Vulnerable Populations” [34].
The assumptions of the study were that technology was not
neutral and that satisfaction with online experiences and with
forced and involuntary study conditions during the lockdown
could work as an incubator to raise perceived stress, as shown
in previous studies [34]. The authors are aware that a number
of factors and variables may correlate with, be influenced by,
or predict stress. Among others, we can list (in no particular
order) anxiety, depression, resilience, fear of COVID-19,
previous mental illness, substance abuse, and addiction.
However, at this point, such relationships were not explored.
This was not because they were unimportant but because the
primary goal was to explore the effects of FODE on stress within
a simple and robust model.

The study was divided into 2 parts, in line with the research
questions (RQs):
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• RQ1: What are the latent structure, reliability, and construct
validity of the instruments used in the survey?

• RQ2: What are the strength and direction of paths between
latent variables?

The study results may help us produce prescriptive measures
to help improve study conditions and the mental health of
postsecondary students and also help those who may be
concerned with the problem and have the ability and means to
take action during and after the COVID-19 pandemic.

Methods

Procedures and Instruments
Data collection was conducted through a self-reported survey
as part of a large cross-sectional study in Slovenia. The data
collection took place between February 9 and March 8, 2021.
Data collection was conducted through the web-based survey
platform 1KA (Centre for Social Informatics, at the Faculty of
Social Sciences, University of Ljubljana) [35]. Simple random
sampling was used, and invitation letters to participate in the
study were sent by email to all universities, private faculties,
and student organizations, with a request to forward the
invitation to all their students. To obtain as much feedback as
possible, a reminder letter with the invitation to participate was
sent to all addresses after 1 week and, after another week, to
those from whom we had not received any feedback.
Respondents were informed about the various aspects of the
study, including their right to voluntarily participate in and
withdraw from it.

An online questionnaire (see Multimedia Appendix 1) was used
for data collection. In addition to demographic data, metric tools
were used to assess perceived stress, satisfaction with online
study, and feelings toward the study obligations.

The Slovenian translation of the Perceived Stress Scale (PSS-4;
see Multimedia Appendix 2), a shortened version of PSS-10
and PSS-14, was used for the assessment of psychological stress
[36-38]. The items in the instrument ask respondents to report
on how they have coped with various situations over the past
month. The instrument has 4 items, 2 of which (items STR2
and STR3) have a reverse score. The response format is 0=never;
1=almost never; 2=sometimes; 3=fairly often; and 4=very often,
with higher totals indicating higher levels of stress (the scores
range from 0 to 16). The perceived stress level was categorized
as low versus high perceived stress based on a median split (<8
vs ≥8) in analogy with application of the PSS-10 instrument in
the Slovenian sample [39].

The Satisfaction with Online Study Scale (SAT-5; see
Multimedia Appendix 3), initially developed by Debevc et al
[40] and adapted by Ploj-Virtič et al [3], was used for
assessment of satisfaction with online study. The scale is rooted
in flow theory [41] and was applied in slightly different versions
[3,42]. The measurement encompassed a 7-point Likert scale
ranging from 1=strongly disagree to 7=strongly agree, with a
total score ranging from 5 to 35 and higher scores indicating
higher perceived satisfaction. The scale shows unidimensionality
and Cronbach α values >.80 in all studies in which it was used.

The severity of several factors inducing negative feelings
connected with the timeliness, performance, and quality of the
study obligations were assessed using the Feelings Toward
Study Obligations Scale (FETSOS; see Multimedia Appendix
4). The scale was designed for the purpose of this study. The
authors consulted the outcomes of the study by Dolenc et al [4]
and transferred some of their findings into statements (items)
of the scale. The response format was 1=no impact; 2=very
weak impact; 3=weak impact; 4=moderate impact; 5=strong
impact; 6=very strong impact; and 7=absolute impact. The scale
has 12 items. Because of their diversity, it was not expected to
be unidimensional, which was later confirmed. Theoretically,
the span of the scale is between 12 and 84, with higher numbers
indicating more negative impacts. Three subscales can be
identified: descriptors of working conditions, descriptors of
pedagogy, and descriptors of well-being and health.

Quantitative measures of all subscales are provided in the
Multimedia Appendices.

Ethics Approval
Ethical approval to conduct the study was obtained from the
National Medical Ethics Committee of the Republic of Slovenia
(NMEC), Ministry of Health (no. 0120-48/2021/3).

Statistical Analyses
We collected responses from 5999 full-time students. Due to
the planned analyses, attrition, and random missing responses,
the database was cleared and only data sets from those
individuals who provided full responses for all the constructs
were selected (4455/5999, 74.26%). We calculated the
frequencies and measures of central tendencies for each item
and the sums of items, when appropriate. Factor analysis was
conducted to examine and validate the factor structure of the
data matrix of the scales. In the factor analysis, the total sample
(N=4455) was randomly divided into an exploratory factor
analysis (EFA) sample (n=2235, 50.17%) and a confirmatory
factor analysis (CFA) sample (n=2220, 49.83%). EFA was
conducted to examine the underlying factor structure of the
constructs in the EFA sample using principal axis factoring
(PAF) analysis. Because correlations between components were
expected, direct oblimin rotations were applied. Parallel analysis
was used to determine the number of factors extracted from the
EFA [43]. Cronbach α>.70 and unidimensionality of the
construct were the entrance criteria to be included in CFA.

Two approaches were used for building the models. The first
was based on correlations between the sums of the extracted
constructs, where a path direction was not guessed. Spearman
ρ was used for this. The second model was based on structural
equation modeling (SEM) analysis [44,45], where hypothesized
models were tested to fit the data. The maximum likelihood
method was used, and analysis of the residual covariance matrix
and inspection of the modification indices were applied to
improve model fits. The whole data set (N=4455) was included
in the final SEM analyses. We chose a selection of fit indexes,
as proposed by Gaskin and Lim [46], and applied it using the
IBM AMOS plugin proposed by Hu and Bentler [47]. The
cut-off criteria recognized as acceptable are as follows:
comparative fit index (CFI)>0.90, standardized
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root-mean-square residual (SRMR)<0.08, and root-mean-square
error of approximation (RMSEA)<0.06. CFA with maximum
likelihood estimation [48] was used for model fitting with the
application of IBM AMOS 27 and IBM SPSS Statistics 27 for
EFA.

Research Model
The hypothesized research models were based on the following
hypothesized paths:

• Hypothesis 1 (H1): Level of satisfaction with online study
influences (correlates with) stress.

• H2: Feelings toward online study (working conditions,
pedagogy, and well-being) influence (correlate with)
satisfaction.

• H3: Feelings toward online study (working conditions,
pedagogy, and well-being) influence (correlate with) stress.

It was assumed that satisfaction would work as a mediator
between feelings toward online study (working conditions,
pedagogy, and well-being) and stress (Figure 1).

Figure 1. Framework of the study.

Results

Characteristics of the Survey Respondents
The demographic characteristics of the students (Table 1)
included in the study show there were more males (n=3234,
72.59%) than females included in the sample and more than

half of the students were single (n=2467, 55.38%). The majority
were bachelor’s degree students (n=2696, 60.52%). The most
numerous study fields were health and medicine (n=886,
19.89%), science and mathematics (n=871, 19.55%),
noneducational social studies (n=801, 17.98%), and humanities
(n=707, 15.87%).
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Table 1. Sample characteristics (N=4455).

Frequency, n (%)Demographic characteristics

Gender

3234 (72.59)Male

1186 (26.62)Female

34 (0.76)Other

1 (0.02)Missing

Educational level

129 (2.90)Higher vocational

2696 (60.52)Bachelor’s study

1606 (36.05)Master’s study

18 (0.40)Doctoral study

6 (0.13)Other

Relationship

2467 (55.38)Single

1919 (43.08)In a relationship

68 (1.53)Other

1 (0.02)Missing

Field of study

886 (19.89)Health and medicine

871 (19.55)Science and mathematics

801 (17.98)Social studies (noneducation)

707 (15.87)Humanities

409 (9.18)Art

369 (8.28)Technology and engineering

251 (5.63)Education

128 (2.87)Security

33 (0.74)Other

Latent Structure, Reliability, and Construct Validity
of the Instruments
EFA of PSS-4 (n=2235, 50.17%) revealed that it is a
unidimensional factor (latent variable), with Cronbach α=.80.
The explained variance was 50.3% (eigenvalue=2.496).
Measures of the central tendencies of 2 positively (reversed)
and 2 negatively worded items, as well of the results of PAF,
can be seen in Multimedia Appendix 2.

CFA (n=2220, 49.83%) was performed with 1- and 2-factor
models. The difference is that in the 1-factor model, all 4 items
load on a single factor, whereas in the 2-factor model, the
positively loaded items load on the first factor and the negatively
loaded items load on the second factor. A 1-factor solution,
even if the 2-factor model shows a slightly better fit, was chosen
to be included in the models used to predict the hypotheses. The
reason was that we wished to include PSS-4 as a complete and
valid instrument. The values of the FIT indexes with constrained
STR2 and STR3 (r=0.38) were as follows: chi-square

(CMIN)=31.824, df=1, CMIN/df=31.824, CFI=0.995,
SRMR=0.013, and RMSEA=0.081.

According to EFA, SAT-5 is a unidimensional tool (Cronbach
α=.88), and the first factor (eigenvalue=3.399) explained
67.971% of the variance. The values of the FIT indexes for the
SAT-5 were as follows: CMIN=36.181, df=3, CMIN/df=12.060,
CFI=0.995, SRMR=0.016, and RMSEA=0.071. Constrained
pairs of error terms were between SAT2 and SAT5 (r=–0.36)
and SAT3 and SAT4 (r=–0.22). Measures of central tendencies,
communalities, and factor loadings of SAT-5 are presented in
Multimedia Appendix 3.

Analysis of the results obtained by FETSOS (Cronbach α=.88)
revealed a 2-factor structure, cumulatively explaining 56.30%
of the variance. The first factor included all 12 listed items
(eigenvalue=5.295, variance=44.126%, Cronbach α=.88), while
the second factor consisted of 2 items (equipment, and mobile
and internet connections) negatively cross-loading to the first
factor as well (eigenvalue=1.461, variance=12.173, Cronbach
α=.90; see Multimedia Appendix 4). The structure obtained did
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not follow the theoretically predicted subscales (pedagogy,
working conditions, and well-being; see Multimedia Appendix
4). Measures of central tendencies, communalities, and factor
loadings of FETSOS are presented in Multimedia Appendix 4.

Differences of Perceived Stress, Satisfaction With
Online Study, and Feelings Toward Study Obligations
Between Genders and Study Enrolment Levels
Analysis of perceived stress level categorized as low versus
high perceived stress based on a median split (<8 vs ≥8;
N=4455) revealed that the sample mean was 7.97 (SD 3.32)
and that 1938 (43.50%) of the 4455 students belonged to the
lower-stress group and more than half of them to the high-stress
group. The upper quarter (≥13) contained 412 (9.25%) of the
4455 students.

The difference in the means of the reported levels of perceived
stress (Table 2) between genders were statistically significant,
with the highest for those who reported a nonbinary gender,
followed by females, both above the median split. Males were

below the median split. The effect size between males and
females could be regarded as a small effect.

When comparing students from the 2 educational levels (Table
3), it appeared that those studying for a bachelor’s degree
experienced a higher level of stress than those studying for a
master’s degree or a doctorate. The effect size between both
levels, calculated as Cohen d, could be regarded as a small
effect.

Regarding satisfaction with online study, an examination of the
measures of central tendencies (see Multimedia Appendix 3)
revealed that most of the students thought that their online
experiences were comprehensible, successful, and instructive
but not easy or entertaining.

The difference between genders based on the means of the
responses to SAT-5 was not statistically significant (N=4454,
F2=0.18, P=.98). Therefore, the results are not reported in the
table.

Table 2. Differences between genders for PSS-4a and FETSOSb scores (N=4454).

FETSOS (F2=74.771, P≤.001, Cohen d=–0.412 [95% CI=0.345-
0.479])

PSS-4 (F2=56.719, P≤.001, Cohen d=0.35 [95% CI=0.284-0.418])Gender

95% CIMean (SD)95% CIMean (SD)

48.30-50.0549.18 (15.32)6.93-7.307.12 (3.31)Men

54.65-55.6255.13 (14.109)8.16-8.398.27 (3.26)Women

51.74-62.3257.03 (15.15)8.10-10.329.21 (3.18)Nonbinary

aPSS-4: Perceived Stress Scale.
bFETSOS: Feelings Towards Study Obligations Scale.

Table 3. Differences between educational levels for PSS-4a, SAT-5b, and FETSOSc scores (N=4467).

FETSOS (F1=9.889, P=.002, Cohen
d=0.097 [95% CI=0.037-0.158])

SAT-5 (F1=4.231, P=.04, Cohen d=0.064
[95% CI=0.003-0.125])

PSS-4 (F1=27.201, P≤.001, Cohen d=0.164
[95% CI=–0.103 to 0.225])

Educational
level

95% CIMean (SD)n (%)95% CIMean (SD)n (%)95% CIMean (SD)n (%)

53.54-54.6354.08
(14.791)

2825 (63.24)17.48-18.0717.77 (8.02)2825 (63.24)8.05-8.298.17 (3.31)2825 (63.24)Bachelor’s
study

51.94-53.3552.65
(14.458)

1642 (36.76)17.91-18.4618.27 (7.43)1642 (36.76)7.47-7.797.63 (3.26)1642 (36.76)Master’s or
doctoral
study

aPSS-4: Perceived Stress Scale.
bSAT-5: Satisfaction with Online Study Scale.
cFETSOS: Feelings Towards Study Obligations Scale.

When comparing students from the 2 educational levels, it
appeared that those from the bachelor’s level were less satisfied
than students from the master’s or doctoral levels (Table 3).
The effect size between both levels was negligible, which can,
in practice, be regarded as the absence of an effect. Furthermore,
regarding feelings toward the study obligations, according to
the opinions of the students (see Multimedia Appendix 4), the
top 3 items that negatively influenced their feelings connected
with the timeliness, performance, and quality of the study
obligations are (1) a decline in the motivation to study, (2)
quality of internet and mobile connections, and (3) the presence
of distractions in the study space (eg, other people). In contrast,

the 3 items with the least negative impact were (1) the need to
earn an income, (2) health problems directly related to distance
learning, and (3) health problems not directly related to distance
learning.

The difference between genders based on the means of the
responses were statistically significant, with the highest for
those who reported a nonbinary gender, followed by females
and males (Table 2). From the SD values, a huge variation in
the responses could be observed. The effect size between males
and females, calculated as Cohen d, could be regarded as a small
effect.
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When comparing students from 2 educational levels, it appeared
that those from the bachelor’s level reported overall higher
negative feelings than students from the master’s or doctoral
levels (Table 3). The effect size between both levels, calculated
as Cohen d, could be regarded as a small effect.

Strength and Direction of Paths Between Latent
Variables
Correlation analysis between sums of scales (Table 4) showed
that negative feelings toward online study (FETSOS) moderately
and negatively correlated with (SAT-5) and moderately
correlated with stress (PSS-4).

Furthermore, the results of SEM analysis with SAT as a
moderator variable (Figure 2) revealed that 18% of the variance
of SAT-5 could be explained by FETSOS and 17% of the
variance of stress as the main outcome variable could be
explained by the joint influence of FETSOS and SAT-5. The

values explaining model fits were CFI=1, SRMR=0, and
RMSEA=0.359, which led us to build alternative models.

The hypothetical model followed all 3 proposed hypotheses,
and all variables were included without constraints (Figure 3).
It was found that the model fit measures were outside the
acceptable levels (CMIN=10380.95, df=186, CMIN/df=55.812,
CFI=0.779, SRMR=0.097, and RMSEA=0.111). We therefore
started procedures to improve the model fit. Because we did
not want to delete items, as proposed by an examination of the
standardized residual covariances in order to preserve the
established scales, we applied constraint of error variances. We
ended the procedure when acceptable fits were achieved
(CMIN=4068.80, df=179, CMIN/df=22.731, CFI=0.916,
SRMR=0.076, and RMSEA=0.070).

The values of the regression coefficients followed the same
pattern as the correlational and SEM analysis of sums, but all
the values were somewhat higher. We could explain 25% of the
stress using the proposed model.

Table 4. Correlationsa (Spearman ρ) between totals for PSS-4b, SAT-5c, and FETSOSd (N=4555).

PSS-4SAT-5FETSOS

———eFETSOS

——–.390SAT-5

—–.361.316PSS-4

aAll correlations were significant at the 0.01 level (2-tailed).
bPSS-4: Perceived Stress Scale.
cSAT-5: Satisfaction with Online Study Scale.
dFETSOS: Feelings Towards Study Obligations Scale.
eNot applicable.

Figure 2. Path coefficients between sums of scales. FETSOS: Feelings Towards Study Obligations Scale; PSS-4: Perceived Stress Scale; SAT-5:
Satisfaction with Online Study Scale.
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Figure 3. Measurement and structural model connecting FETSOS (variables S2a-S2l), SAT-5, and STR (PSS-4). FETSOS: Feelings Towards Study
Obligations Scale; PSS-4: Perceived Stress Scale; SAT-5: Satisfaction with Online Study Scale.

Discussion

Principal Findings
The long-lasting COVID-19 pandemic, with its numerous
accompanying preventive measures, imposed a variety of
challenges affecting the mental health of the population, with
young and emerging adults, which coincides with the beginning
of postsecondary education, being more significantly affected
[49]. This group already faces a number of stress-related and
mental health difficulties due to the characteristics of this
transitional period of life, such as instability owing to changes
in education, living arrangements, and relationships.
COVID-19-related challenges might additionally impact the
latter [49,50]. The aim of this study was therefore to examine
the levels of stress of Slovenian postsecondary students during
the forced online distance learning occasioned by COVID-19
lockdowns and to identify the factors influencing it.

In response to the pandemic, many countries replaced
face-to-face education with distance education. This could
potentially result in negative social, psychological, and academic
consequences for postsecondary students [51]. The results of
this study indicate that more than half of the students reported
higher levels of stress, with students studying for bachelor’s
degrees reporting higher levels than those studying for a master’s
degree or a doctorate. This is in line with previous research,
which showed higher levels of stress among students engaged
in distance education [5,6,17-20,22,23,52-54]. Stress levels also
differed significantly between gender groups, with females
reporting higher levels of perceived stress than males. This
could be attributed to the greater vulnerability of women to the

development of mental health problems in general [55,56], as
well during the COVID-19 pandemic [18,20,49,51,57].

Although the students who participated in our study reported
the online study experience as being comprehensible, successful,
and instructive, the overall satisfaction with online study was
the lowest among bachelor’s degree students, with no significant
differences between the gender groups. Overall, the results show
3 main factors to be related to students’ negative emotions
associated with the timeliness, performance, and quality of the
study obligations: a decline in the motivation to study, the
quality of internet and mobile connections, and the presence of
distractors in the study space (eg, other people). Once again,
bachelor’s degree students reported higher levels of negative
emotions associated with the aforementioned factors compared
to other student groups. These findings are in line with previous
reports, which show COVID-19 to have had a negative impact
on the academic experiences of postsecondary students
[49,58,59], with distance education resulting in higher levels
of stress and isolation; a negative mood; and lower levels of
relatedness, concentration, focus, motivation, and performance
compared to face-to-face education [58].

All 3 initial hypotheses were tested and supported. We were
able to explain 25% of stress measured by PSS-4 with the SEM
full model and 17% by use of the sums of the responses. The
results from correlational and regression analyses showed that
the level of satisfaction with online study influences stress (H1)
in such a way that the higher the satisfaction, the lower the stress
(Spearman ρ=–.361, path coefficient=–.25). These results are
in line with Lee and Jang’s findings [60], indicating a negative
correlation between students’ overall stress and satisfaction
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scores with their study life, although their research was not
specifically focused on online study.

The second hypothesis, that feelings toward online study
(working conditions, pedagogy, and well-being) influence
satisfaction, was also confirmed. The results (Spearman
ρ=–.390, path coefficient=.32) suggest that more positive
feelings connected with the timeliness, performance, and quality
of the study obligations result in more positive satisfaction with
online study and thus indirectly in lower levels of stress. These
results were expected as they have been produced by previous,
as well pre-COVID-19 studies [51,52].

The third hypothesis, that feelings toward online study (working
conditions, pedagogy, and well-being) influence stress, was
also confirmed. The results (Spearman ρ=–.316, path
coefficient=.32) suggest that higher scores or less negative
feelings connected with the timeliness, performance, and quality
of the study obligations reduce stress. Similar results were found
in a qualitative study conducted among university students
during the COVID-19 lockdown, which showed that the quality
of internet connections and the study environment were among
the main sources of students’ stress [61].

The results clearly show that more positive satisfaction with
online study and more positive feelings toward study obligations
during COVID-19 lockdowns are moderate predictors of stress.
FETSOS is a negative predictor of SAT-5, meaning that positive
feelings (opinions) toward the study obligations result in higher
satisfaction and that lower satisfaction and more intense negative
feelings toward the study obligations are predictors of higher
stress. Academic struggles may therefore increase already
elevated distress among the postsecondary population [62].
Based on the findings of this study, the levels of perceived stress
are higher in female and bachelor’s degree students. However,
differences in the terms of effect sizes are small. The differences
in FETSOS and SAT-5 in both categories are almost nonexistent
in terms of effect size.

The results of this study show higher levels of perceived stress
among Slovenian postsecondary students during the COVID-19
pandemic, although the fact that the survey was conducted
during the exam period might also have influenced the stress
levels. Moreover, an upward trend in feelings of stress was also
reported before the pandemic. Data from the international
research study “Mladina 2018–2019” [63] show a high increase
in the share of Slovenian young people aged 14-29 years who
reported, over a 5-year interval, feeling stressed most of the
days of the week. Similarly, data from a national study titled
“Health-Related Behavioural Style of Slovenian Residents”
[64] show that approximately a quarter (23.2%) of Slovenian
people aged between 25 and 74 years reported regular or daily
feelings of stress, with stress more commonly reported by
women and younger individuals (28.3% of those aged between
25 and 34 years). To obtain a better insight into the trend in
perceived stress in postpandemic times, a longitudinal study
that also includes other potential impact factors would be
desirable.

Prolonged, recurrent stress and poor stress management are
among the key factors in the deterioration of an individual's
health, as they increase the risk of many diseases and disorders.

Conversely, reducing stressors and strengthening an individual's
resilience to stress make an important contribution to
maintaining and improving mental health. From the findings of
this study, we can therefore recommend that implementing
structures and measures targeted at stress reduction, such as the
establishment of psychological support, is crucial, especially
in cases where stress levels call for mental health treatment.
However, any measures should target working conditions and
pedagogy as well, which calls for the elimination of or at least
a reduction in the obstacles identified by FETSOS. It is outside
the scope of this paper to suggest practical measures to
postsecondary educational institutions, but those related to
pedagogy are completely within its domain. At the top of the
scale is motivation. This should therefore be raised (or at least
not decreased) by all means possible at institutional and
individual levels, showing students that the future is not dark
and without hope. There is also no excuse not to make
expectations about outcomes clear, and to increase access to
necessary resources, at least in digital format. Organizing an
e-library, for example, should not present a big problem.
Problems with internet connections and adequacy of the
workspace are factors that were induced by the lockdown and
confinement to the home environment. Stress would also be
reduced by keeping campuses and dormitories open, and by
providing an online structure and ensuring that libraries are
close by. However, it can be reasonably expected that due to
the higher virulence (even with lower severity) of the new strains
of coronavirus [65], or even the possible emergence of new
zoonotic viruses [66], the experience gained over the past two
years should be incorporated into efforts to minimize the
negative impacts of internet-based education.

Limitations
The main limitation of the study was the self-selection of the
respondents. Even if a high number of respondents were
included in the data set, they are representative of a population
who responded to all of the items. It is therefore impossible to
make inferences about the population of individuals who did
not respond to the study. Furthermore, the fact that the study
featured a preponderance of male respondents could have
influenced the results, as certain mental health problems may
be more frequent among female students. Although other mental
health problems (anxiety, depression, etc) and other variables
that interact with or influence stress are important, they were
not included in any recent study and we did not report them in
this paper. The missing links remain to be explored.

Directions for Future Research
We suggest that the survey be repeated after the lockdowns
have ended to find out whether there are differences in levels
of stress and the factors impacting it. Additionally, an
international comparative study would shed light on the
differences that are based on various sociocultural factors.

Conclusion
In conclusion, the side effects caused by FODE [3], as well as
the ad hoc educational practices resulting from the pandemic
[3], resulted in higher stress, which is known as 1 of the main
causes of mental health problems, such as anxiety and
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depression. We can only hope that these effects are just
transitional. If they are not, society will see a higher number of

people with mental health problems well into the future.
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Abstract

Background: The COVID-19 pandemic and its associated lockdown measures impacted mental health worldwide. However,
the temporal dynamics of causal factors that modulate mental health during lockdown are not well understood.

Objective: We aimed to understand how a COVID-19 lockdown changes the temporal dynamics of loneliness and other factors
affecting mental health. This is the first study that compares network characteristics between lockdown stages to prioritize mental
health intervention targets.

Methods: We combined ecological momentary assessments with wrist-worn motion tracking to investigate the mechanism and
changes in network centrality of symptoms and behaviors before and during lockdown. A total of 258 participants who reported
at least mild loneliness and distress were assessed 8 times a day for 7 consecutive days over a 213-day period from August 8,
2020, through March 9, 2021, in Germany, covering a “no-lockdown” and a “lockdown” stage. COVID-19–related worry,
information-seeking, perceived restriction, and loneliness were assessed by digital visual analog scales ranging from 0 to 100.
Social activity was assessed on a 7-point Likert scale, while physical activity was recorded from wrist-worn actigraphy devices.

Results: We built a multilevel vector autoregressive model to estimate dynamic networks. To compare network characteristics
between a no-lockdown stage and a lockdown stage, we performed permutation tests. During lockdown, loneliness had the highest
impact within the network, as indicated by its centrality index (ie, an index to identify variables that have a strong influence on
the other variables). Moreover, during lockdown, the centrality of loneliness significantly increased. Physical activity contributed
to a decrease in loneliness amid the lockdown stage.

Conclusions: The COVID-19 lockdown increased the central role of loneliness in triggering stress-related behaviors and
cognition. Our study indicates that loneliness should be prioritized in mental health interventions during lockdown. Moreover,
physical activity can serve as a buffer for loneliness amid social restrictions.

(J Med Internet Res 2022;24(3):e32598)   doi:10.2196/32598
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Introduction

The outbreak of COVID-19 is an unprecedented global health
challenge; as of November 2021, there are 259,502,031
confirmed cases and 5,183,003 deaths globally [1]. To mitigate
the spread of SARS-CoV-2, most countries enforced lockdown
measures, including social restrictions, travel bans, stay-at-home
orders, and business shutdown. Together with the pandemic per
se, these lockdown measures increased global mental health
problems [2,3]. Reasons for this are an increase of distress or
loneliness during the COVID-19 lockdown [4-7], yet most
studies are overlooking the directionality between behavior and
cognition over time. Recently, a network approach to
psychopathology proposed that changes in mental health result
from a temporal dynamic interaction between mental states,
such that one mental state at one moment in time (eg, worry)
can trigger other mental states at the next moment in time (eg,
feeling stressed) [8]. We set out to examine whether lockdown
measures can alter the dynamic network structure of behavior
(eg, physical activity) and pandemic-related mental states (eg,
worry). To do so, we compared differences between
moment-to-moment time-lagged associations of
pandemic-related cognitions, behaviors, and mental health, and
tested for changes in centrality between lockdown stages.
Comparing centrality (ie, an index to identify variables that
have a strong influence on the other variables) can be
informative in finding the most protective or detrimental
temporal influence on mental health amid a lockdown [9,10].
This knowledge can be transferred to prioritize targets for
pandemic-related mental health care interventions.

Psychological distress and social isolation are risk factors for
developing mental disorders [11-15]. Therefore, we focused on
a subpopulation who were experiencing at least mild levels of
psychological distress and loneliness amid the COVID-19
pandemic. Moreover, we gathered real-life data using ecological
momentary assessments (EMAs) via smartphone technology
and measured objective physical activity via wrist-worn
actigraphy devices. We investigated the temporal associations
between loneliness, stress, physical and social activity, and
COVID-19–related behaviors and cognitions.

We measured three COVID-19–related cognitions: perceived
restriction in everyday life due to the pandemic, seeking
information about the pandemic, and worrying about the
pandemic’s impact on one’s life. Worries about the
COVID-19–related economic downfall and the possible health
impact on oneself or others can increase psychological distress
[7,16]. In addition, distress, anxiety, depression, and anger are
further increased by physical and social distancing measures
[17,18]. People who stayed at home often acquired more
COVID-19–related information through digital media, which
increased anxiety and psychological distress [19-22]. Thus,
COVID-19–related worrying, perceptions of restrictions, and
information-seeking can be central causes of mental health
issues.

Prior to the COVID-19 pandemic, loneliness was already
recognized as one of the most pressing issues in modern
societies [23]. Loneliness is an aversive state resulting from a

discrepancy between an individual’s desired and realized social
relationships [24]. Limiting social contacts and closing off social
spaces can help to halt the spread of COVID-19; however, they
also increase feelings of loneliness [7,25]. Loneliness has serious
consequences for health, including increasing the risk of
cardiovascular disease and immune dysfunction, depression,
anxiety, and suicidal ideation [26]. To buffer against feelings
of loneliness during lockdown, it can be essential to receive
social support and engage in digital social activities [27,28].

A second buffer against mental health problems during the
pandemic might be physical activity. Physical activity can
relieve stress [29]; enhance cognitive abilities [30]; and reduce
the risk of diabetes [31], cardiovascular disease [32], cancer
[33], and mental disorders [34,35]. Conversely, sedentary
behavior, defined as low-energy-expenditure behavior (≤1.5
metabolic equivalents), increases the risk for negative health
outcomes, including type 2 diabetes mellitus, cardiovascular
disease, and all-cause mortality [36-38]. Physical activity can
lead to physiological reactions associated with decreased
depression, such as an increase in neuroplasticity, cerebral blood
flow, delivery of neurotrophic factors and oxygen, and resistance
to oxidative stress [39]. Finally, exercise can improve
self-efficacy and self-esteem [40]. We assessed physical activity
through actigraphy (ie, a wrist-worn device that obtains objective
measures of physical activity) [41].

Our study was performed in Germany during a no-lockdown
stage (August 8 to November 1, 2020) and a lockdown stage
(November 2, 2020, to March 9, 2021). During the no-lockdown
stage, the restrictions were lenient (eg, no private or public
meeting restrictions, and leisure facilities, bars, and catering
facilities were open). To counter the steep increase in active
COVID-19 cases, the German government announced a
lockdown on November 2, 2020, including social restrictions,
travel bans, closing of restaurants and cinemas, and business
shutdowns. In addition, these lockdowns measures were further
tightened on December 16 (eg, closing of most retail; see
Supplement A in Multimedia Appendix 1).

The aim of this study was to examine the temporal dynamic
interplay between COVID-19 pandemic–related cognitions,
behaviors, and mental health states. This is the first study to use
a dynamic network approach to compare moment-to-moment
time-lagged associations between pandemic-related cognitions,
behaviors, and mental health states between lockdown stages.
Moreover, we examined whether the lockdown affects the
centrality of loneliness and specific pandemic-related behaviors
and cognitions (ie, a more central variable has more and stronger
connections to other variables). This helps to identify the most
protective or detrimental influences on mental health during a
lockdown. This knowledge, in turn, can be used to prioritize
mental health intervention targets. Specifically, we hypothesized
that a lockdown, in comparison to a no-lockdown period,
increases the centrality of stress, physical activity, social
contacts, and loneliness. Finally, we hypothesized that stress
and loneliness will have a stronger influence on
COVID-19–related behaviors and cognitions during lockdown
than during no-lockdown.
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Methods

Participants and Sampling
We assessed 1549 participants for eligibility in an online
questionnaire. The final sample size was 258 (see Figure 1 for
the recruitment flow). On average, participants missed 17.5%

of the questionnaires, no participants missed more than 50% of
the sent questionnaires, and 117 data points were marked by
the GGIR package [42] as “nonwear” and subsequently excluded
from the analyses. Specifically, the accelerometer nonwear score
was estimated based on the standard deviation and range of the
raw data from each accelerometer axis [42].

Figure 1. Recruitment flow.

Inclusion criteria were (1) a minimum age of 18 years, (2) not
working a night shift, (3) not being infected by COVID-19, (4)
using an Android smartphone, and (5) speaking fluent German.
Moreover, we targeted individuals who reported (6) perceived
mild to moderate psychological distress and (7) sometimes felt
lonely during the COVID-19 pandemic. We used the COVID-19
Peritraumatic Distress Index (CPDI [43]; cut-off score=28,
indicating mild distress) questionnaire and the short-form of
the University of California Los Angeles Loneliness Scale
(ULS-8 [44]; cut-off score=16, indicating mild loneliness),
respectively. The CPDI was designed for evaluating changes
in mental health status, cognitive skills, avoidance and
compulsive behavior, physical symptoms, and loss of social
functioning due to the COVID-19 pandemic. The questionnaire
has been previously validated in Germany [43].

Study Design and Procedure
The study was conducted in Germany over a 213-day period
between August 8, 2020, and March 9, 2021, covering a
no-lockdown and a lockdown stage. Participants were recruited
via online advertisements on university websites, Twitter, and
eBay classifieds. Participants had to fill in an online screening
questionnaire on the Siuvo Intelligent Psychological Assessment
Platform. After an initial contact via phone or email, we sent
participants our study information, accelerometer, informed
consent, and a QR code (to install a smartphone app) by mail.
After they completed the study, participants sent back the study
material by mail.

We conducted the EMA via the smartphone app “movisensXS”
(movisens GmbH, Karlsruhe, Germany) developed for research
purposes. This app is compliant with the General Data Protection
Regulation (European Union) and Berlin Data Protection Act
(Berliner Datenschutzgesetz). The app consists of a
sociodemographic assessment (eg, age, gender, and years of
education) and measures participants’ current experiences in
real time. Participants filled in questionnaires for 7 consecutive
days, in which they received 8 prompts (randomized within 1
hour and 45-minute blocks between 8 AM and 10 PM). We

performed an EMA that involves repeated sampling of
individuals’ current behaviors and experiences in real time and
in their natural environments. EMA minimizes recall bias,
maximizes ecological validity, and allows approximating
temporal causality (ie, Granger causality) [45]. A time series X
is said to Granger-cause Y if it can be shown, usually through
a series of t tests and F tests on lagged values of X (and with
lagged values of Y also included), that the X values provide
statistically significant information about future values of Y
[46].

Moreover, we measured physical activity via the “GENEActiv”
Original (Activinsights) monitor (dynamic range ±8 g, sampling
frequency range 10-100 Hz). Participants wore the actigraphy
device on the left wrist.

Ethical Considerations
The study was approved by the ethics committee at
Charité–Universitätsmedizin Berlin (reference EA2/143/20)
and Freie Universität Berlin (reference 030/2020).

Measures

EMA Items
Stress was measured with the following question: “In this
moment I feel stressed.” Other items started with “During the
last hour...” followed by “to which extent did you feel
constrained by the pandemic in your everyday life?” (perceived
restriction), “to which extent did you worry about how the
pandemic affects your personal situation?” (worry), “to which
extent did you seek information about the Corona pandemic?”
(information-seeking), and “to which extent did you feel lonely”
(loneliness). Each of these items was measured on a visual
analog scale (0-100: 0=not at all, 100=most frequent or severe).
Duration of social activity was measured with the question
“How long did your last social contact last?” via a Likert scale
ranging from 1=“0 minutes” to 7=“50-60 minutes.”
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Actigraphy Data
Physical activity data were collected using the actigraphy
devices worn by each participant on the left wrist.

Statistical Analysis

Overview
All analyses were performed using R statistical software (version
3.5.3). In this section, we describe the data preparation
procedures, averaged values of our measured items, estimation
of the dynamic networks, and the permutation procedure used
to test for group differences in centrality indices and dynamic
association.

Data Preparation
We calculated the Euclidean norm (vector magnitude) of the
raw signals of the three-measurement axis, which is a summary
score of body acceleration and a validated measure for physical
activity [47]. The Euclidean norm minus one (ENMO) is defined
as ri–1000 [48], where

The actigraphy data from GENEActiv (100 Hz; .bin files) were
downloaded using GENEActiv PC software V3.3. The
GENEActiv .bin files were then exported into R statistical
software V4.0.3 for processing using the GGIR package V1.2-0.
We autocalibrated the raw triaxial accelerometer signals and
computed the average ENMO metric for 1 hour before each
beep. To exclude time frames in which participants did not wear
their actigraphy device, we used the nonwear score of the GGIR
package. We excluded time frames above the cut-off score of
1. As the EMA items were nonnormally distributed, we
transformed all variables using the nonparanormal
transformation [49]. To test for nonstationarity, we calculated
a two-level autoregressive model for each lockdown group, in
which each score of the variable included in our model was
regressed on the immediately preceding score of that variable
(ie, moment-to-moment inertia). A moment-to-moment inertia
value larger than 1 indicates a nonstationary process [50]. We
assumed stationarity, as the average moment-to-moment inertia
ranged between 0.13 and 0.37 for all 7 included variables for

each lockdown group (see Supplement B in Multimedia
Appendix 1). In addition, a Kwiatkowski-Phillips-Schmidt-Shin
(KPSS) test was performed separately for every subject and
variable. The KPSS test indicated that the data were stationary
(approximately 99.9%). The R code of the statistical analyses
is available online [51].

Dynamic Network Estimation
We built a first-order vector autoregressive model (VAR) with
the R package mlVAR. Each variable at time point t was
predicted by all variables (including itself) at the next time point
of measurement (lag 1). The results of the network models
consisted of nodes (variables) and directed edges (statistical
relations) that were visualized via the R package qgraph [52]

Permutation Testing of Centrality Indices and Edge
Differences
Permutation tests were used to compare individual path and
network centrality between the lockdown and no-lockdown
stages. The permutation procedure was developed by Wolfgang
Viechtbauer and compares the results of the observed data with
a distribution derived from repeated permutation (100,000) of
the data under the null hypothesis [53-55]. To assess the
importance of specific variables in the network of two groups,
in-strength and out-strength were calculated from all (including
nonsignificant) edges in the network. In-strength reflects the
sum of ingoing edge weights, whereas out-strength reflects the
sum of outgoing edge weights to the specific node [56,57]. A
detailed description of the permutation procedures can be found
in Supplement C in Multimedia Appendix 1.

Results

Sociodemographics
Sociodemographic characteristics of the final sample (N=258),

as well as results of independent t tests or χ2 tests comparing
these characteristics between a no-lockdown and lockdown
stage are shown in Table 1. As we had more women in our
lockdown group, we tested the effect of gender on all measured
variables. We found that, except for social duration, gender did
not significantly affect our variables (see Supplement G in
Multimedia Appendix 1).
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Table 1. Sociodemographic characteristics of participants.

P valueaLockdown period (Novem-
ber 2 to March 9, 2021;
n=127)

No-lockdown period (Au-
gust 8 to November 1, 2020;
n=131)

Total (August 8, 2020, to
March 9, 2021; N=258)

Characteristic

.5530.16 (11.67)31.18 (10.52)30.78 (11.16)Age (years), mean (SD)

.4415.46 (3.69)15.1 (3.69)15.28 (3.69)Education (years), mean (SD)

.008Gender, n (%)

28 (22.0)49 (37.4)77 (29.8)Male

96 (75.6)82 (62.6)178 (70.0)Female

3 (2.4)0 (0)3 (1.2)Diverse

.93Family status, n (%)

53 (41.7)61 (46.6)114 (44.2)Single

47 (37.0)45 (34.4)92 (35.7)In relationship

25 (19.7)23 (17.6)48 (18.6)Married

2 (1.6)2 (1.5)4 (1.6)Other

.381.88 (0.78)1.7 (0.78)1.77 (0.78)Number of children, mean (SD)

.652.62 (2.77)2.5 (1.29)2.56 (2.15)Number living with others, mean (SD)

.093.83 (0.81)3.65 (0.91)3.74 (0.86)Health status (1=very bad, 5=very good), mean
(SD)

.8031 (24.4)33 (25.2)64 (24.8)COVID-19 risk group, n (%)

.4146.76 (13.31)48.32 (16.34)47.56 (14.79)COVID-19 distress (CPDIb), mean (SD)

.0223.15 (3.85)22.01 (4.01)22.57 (3.97)Loneliness (ULS-8c), mean (SD)

aBased on independent t test or χ2 test; unequal variance was assumed, and we applied the Welsh approximation to the degrees of freedom.
bCPDI: COVID-19 Peritraumatic Distress Index.
cULS-8: University of California Los Angeles Loneliness Scale.

Average-Based Lockdown Differences
To compare the no-lockdown and lockdown stages, we
performed independent t tests using overall averages for each
person. As shown in Table 2, the lockdown significantly

increased COVID-19 worries, perceived restriction, and duration
of social contacts. Moreover, the lockdown significantly
decreased physical activity. There was no statistically significant
influence of lockdown on information-seeking, stress, and
loneliness.

Table 2. Differences between no-lockdown and lockdown stages.

P valueaLockdown period (n=127), mean (SD)No-lockdown period (n=131), mean (SD)Variables

EMAb items

.6421.45 (19.80)22.62 (20.82)Loneliness

.0429.12 (17.33)24.59 (18.36)COVID-19 worries

.0528.16 (17.05)23.86 (17.83)COVID-19 perceived restriction

.7423.46 (13.94)22.85 (15.57)COVID-19 information-seeking

<.0013.05 (1.00)2.64 (0.95)Social contacts

.4233.25 (17.34)35.05 (18.43)Stress

.00235.24 (11.42)40.15 (13.37)Physical activity from actigraphy (microgravity)

at test; unequal variance was assumed and we applied the Welsh approximation to the degrees of freedom.
bEMA: ecological momentary assessment.

Network Estimation
We wanted to investigate how a lockdown affects the temporal
dynamics of pandemic-related cognitions, behaviors, and mental

health states. To do so, we first estimated the temporal (ie,
time-lagged) and bidirectional associations between detrimental
and beneficial factors via multilevel VAR models [58-60]. These
VAR models were then used to estimate temporal dynamic

J Med Internet Res 2022 | vol. 24 | iss. 3 |e32598 | p.1004https://www.jmir.org/2022/3/e32598
(page number not for citation purposes)

Haucke et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


networks for a lockdown and a no-lockdown stage. Permutation
testing was used to test for group differences in individual paths
and the network centrality of pandemic-related detrimental and
beneficial mental health factors between the lockdown and
no-lockdown stage. Moreover, the exploratory results of a
permutation test for the difference in overall connectivity are
provided in Supplement C of Multimedia Appendix 1.

Edge Differences Between Groups
Figure 2 displays the “full” dynamic symptom networks for the
lockdown and no-lockdown groups, which include only
statistically significant edges (ie, time-lagged partial correlations
with α<.05). Permutation tests revealed that 7 of the edges were
significantly different between the no-lockdown and lockdown
groups at the uncorrected α level (indicated with an asterisk in
Figure 2).

Figure 2. Temporal dynamic networks for a no-lockdown and a lockdown stage. Temporal relations among ecological momentary assessment and
physical activity data, measured by actigraphy devices, estimated with a multilevel vector autoregressive model, and depicted as a graph where nodes
are variables and edges (arrows connecting nodes) are statistically significant (α<.05) partial correlations among variables. Thicker and more saturated
edges depict stronger relations; positive relations are in blue and negative relations are in red. Associations that are significantly different between the
no-lockdown and lockdown stages (permutation testing using a two-sided P value at the uncorrected α level) are marked with an asterisk.

Compared to no-lockdown, in a lockdown, participants showed
a stronger connection from “loneliness” to “perceived
restriction” (difference –0.114, P<.001) and from “loneliness”
to “COVID-19–related worry” (difference –0.0767, P=.03).

Compared to no-lockdown, in a lockdown, participants showed
a weaker connection from “information-seeking” to “perceived
restriction” (difference 0.0609, P=.02) and from
“information-seeking” to “COVID-19–related worry”
(difference 0.0477, P=.05). In addition, information-seeking
led to less information-seeking in the next moment (ie, weaker
autocorrelation; difference 0.0754, P=.02).

Compared to no-lockdown, during the lockdown, participants
showed a stronger connection from “COVID-19–related worry”
to “loneliness” (difference –0.0444, P=.05).

Compared to no-lockdown, during the lockdown, participants
showed a weaker connection from “perceived restriction” to
“social activity” (difference 0.0065, P=.01).

More information on the time-lagged partial correlations (ie,
edges) that were significantly different during the lockdown
can be found in Table 3 (all, including nonsignificant, edge
differences are shown in Supplement F of Multimedia Appendix
1).

Table 3. Significant edge differences of time-lagged partial correlation coefficients between the lockdown and no-lockdown stages.

P valueDifference in partial correlation coefficientPartial correlation coefficientOutcomePredictor (1–lag)

LockdownNo-Lockdown

.020.0609–0.00620.0548Perceived restrictionInformation-seeking

<.001–0.1140.1150.001Perceived restrictionLoneliness

.050.04770.02120.0689COVID-19–related worryInformation-seeking

.03–0.07670.10420.0274COVID-19–related worryLoneliness

.020.07540.09670.1721Information-seekingInformation-seeking

.05–0.04440.0315–0.0129LonelinessCOVID-19–related worry

.010.0065–0.00210.0043Social activityPerceived restriction
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Centrality Indices
In-strength is the sum of ingoing edge weights to a specific
node and out-strength is the sum of the outgoing edge weights
to a specific node. During the no-lockdown stage, worrying
about COVID-19 had the highest out-strength, indicating that
when a participant reports worries about COVID-19 at one
measurement occasion, it is likely that this participant will report
other COVID-19–related behaviors and cognitions at the next
measurement occasion. During lockdown, loneliness had the
highest out-strength, indicating that when a participant reports
feeling lonely in one moment, this participant is likely to report

COVID-19–related behaviors and cognitions in the next
momentary assessment.

Permutation tests revealed a significant higher out-strength for
“loneliness” during lockdown (difference –0.1975, P=.04) and
significant lower out-strength for “information-seeking”
(difference 0.1452, P=.03) at the uncorrected α level (as
indicated by asterisks in Figure 3). More information on
centrality indices that were significantly different can be found
in Table 4 (all, including nonsignificant, differences between
centrality indices can be found in Supplement E of Multimedia
Appendix 1).

Figure 3. The standardized centrality indices out-strength and in-strength among ecological momentary assessment and physical activity data within
the networks of the no-lockdown and lockdown stages. The statistically significant indices (permutation tests using a two-sided P value at the uncorrected
α level) are marked with asterisks.

Table 4. Significant differences in variable out-strength between lockdown and no-lockdown stages.

P valueDifferenceOut-strengthVariable

LockdownNo-lockdown

.030.14520.16770.3129Information-seeking

.04–0.19750.60840.4109Loneliness

Discussion

Principal Findings
The COVID-19 pandemic increased mental health problems
worldwide [2,61]. Our study sheds light on the mechanisms

with which a lockdown affects mental health during the
COVID-19 pandemic. Compared to no-lockdown, during
lockdown, loneliness had a stronger impact on pandemic-related
cognitions and behaviors such as perceived restrictions and
worries about the pandemic. In turn, pandemic-related cognitions
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and behaviors reinforced each other and increased stress across
lockdown stages. Finally, we found engaging in daily physical
activity to be an effective strategy against feelings of loneliness
during lockdown. In sum, our results suggest that when strict
lockdown measures are in place, loneliness is the central trigger
of stress-related behaviors and cognitions. Thus, loneliness
should be prioritized in mental health interventions in the context
of pandemic-related psychological distress.

Loneliness is a distressing emotional state in which one
experiences a discrepancy between the desired and perceived
quantity and quality of social relations [62]. Previous studies
showed that lonely individuals exhibit a negative information
bias such as increased attention for social threatening stimuli,
negative and hostile intent attributions, expectation of rejection,
and rumination [63]. We found that during lockdown, feelings
of loneliness had the highest out-strength, indicating that
loneliness is the central trigger of stress-related behaviors and
cognitions. Compared to a no-lockdown, a lockdown increased
the out-strength of loneliness, which indicates that loneliness
has a more central role in affecting stress-related cognitions and
behaviors during lockdown. Moreover, during lockdown, the
influence of loneliness on perceptions of restriction and
COVID-19–related worry increased. Thus, a lockdown changes
the way loneliness interacts with pandemic-related behaviors
and cognitions.

COVID-19–related-worries, feelings of restriction, and
information-seeking were mutually reinforcing over time in
both the no-lockdown and lockdown stages, resulting in a
vicious stress-inducing cycle from which it can be increasingly
difficult to escape. Information-seeking had less out-strength
during lockdown compared to the no-lockdown stage, which
indicates that COVID-19–related information-seeking has a
more central role during a no-lockdown period. During
lockdown, information-seeking at one moment led to less
information-seeking at the next moment (ie, weaker
autocorrelation), and its influence on perceived restrictions and
COVID-19–related worry decreased. These findings contrast
earlier reports concluding a more significant influence of
information-seeking during lockdown, based on findings of
increased averaged information-seeking [19,21]. Moreover,
during the no-lockdown stage, “feeling restricted” increased
information-seeking, whereas during lockdown, “feeling
restricted” decreased information-seeking. This suggests that
during a no-lockdown stage, people are in a type of
information-approach state, whereas during lockdown, people
are more likely to be in an information-avoidance state.
Therefore, the best moment to communicate
COVID-19–relevant information such as safety behaviors might
be an early pandemic stage when no lockdown measures are in
place.

Physical activity increased social activity in both the
no-lockdown and lockdown stages. This association might result
from public health recommendations that suggest meeting people
only outside enclosed spaces. During COVID-19, people might
have combined physical and social activity (ie, they found a
companion to go for a walk or hike outside). Physical activity
can also help to form interpersonal relationships (eg, attending
a virtual group fitness class). Moreover, physical activity

decreased feelings of loneliness during lockdown. A possible
reason is that physical activity can mediate contextual influences
on loneliness (eg, being in nature and physically active rather
than sitting at home and leading a sedentary lifestyle) [64].
Meeting more people did not decrease feelings of loneliness in
either of the lockdown stages. A potential explanation is that
feelings of loneliness are not caused by the number of social
contacts but rather the perception that current relationships do
not match desired relationships (eg, the other person being
attentive to one’s needs) [65]. Finally, physical activity and
social activity were associated with decreased stress only during
the lockdown stage, indicating that during lockdown, these
stress-buffering behaviors become effective.

Perspectives on Mental Health Interventions
We found that loneliness has the highest temporal effect on all
measured moment-to-moment pandemic-related cognition and
behaviors during lockdown. This, in turn, suggests that
loneliness can be a central trigger of stress-related behaviors
and cognitions. Our study suggests that mental health
interventions during the pandemic lockdown should prioritize
the feeling of loneliness rather than pandemic-related
rumination, feelings of restriction, or information-seeking. This
could be achieved by a digital mental health approach (eg, online
therapy or smartphone-based interventions) that fosters a sense
of belonging and community [66-70]. To our knowledge, this
is the first study to use a temporal network model comparison
approach to identify and refine mental health intervention
targets. This approach might be valuable to identify possible
temporal causal trigger variables for negative cognitions and
behaviors in other types of mental health interventions as well.

Limitations
This was a natural experiment with high ecological validity but
low control for extraneous variables, including seasonal effects
[71]. Moreover, we cannot exclude the possibility that the
observed interactions are influenced by other unmeasured
underlying factors [72]. In addition, we have independent
samples for comparisons of lockdown and no-lockdown stages.
Thus, we cannot exclude the possibility that differences in
sample characteristics may have influenced the results. However,
except for the loneliness score and gender distribution, the
samples did not differ in any of the measured variables. We
assume that the slightly higher loneliness measure (ULS-8) in
the lockdown sample was due to the lockdown. However, it
cannot be ruled out that we recruited participants who were
generally lonelier in the lockdown sample by chance. Gender
did not have an influence on any of the measured variables,
except for time spent on social activities. Here, women reported
higher values than men or diverse genders. Taken together, it
is unlikely that there is a major bias in our central findings due
to differences in sample characteristics.

Conclusion
To develop effective pandemic mental health interventions, it
is crucial to understand the temporal dynamics of mental health
factors during a COVID-19 lockdown. In comparison to a
no-lockdown stage, a lockdown increased the central role of
loneliness in triggering pandemic-related behaviors and
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cognition. In turn, pandemic-related cognitions and behaviors
such as perceived restrictions and worries about the pandemic
reinforced each other and increased stress. In addition, we found
that physical activity can be an effective buffer against stress

and loneliness during lockdown. Our results suggest that
loneliness can be the central trigger for stress-related behaviors
and cognitions during lockdown and therefore should be
prioritized in mental health interventions.
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Abstract

Background: Although timely and accurate information during the COVID-19 pandemic is essential for containing the disease
and reducing mental distress, an infodemic, which refers to an overabundance of information, may trigger unpleasant emotions
and reduce compliance. Prior research has shown the negative consequences of an infodemic during the pandemic; however, we
know less about which subpopulations are more exposed to the infodemic and are more vulnerable to the adverse psychological
and behavioral effects.

Objective: This study aimed to examine how sociodemographic factors and information-seeking behaviors affect the perceived
information overload during the COVID-19 pandemic. We also investigated the effect of perceived information overload on
psychological distress and protective behavior and analyzed the socioeconomic differences in the effects.

Methods: The data for this study were obtained from a cross-national survey of residents in 6 jurisdictions in Asia in May 2020.
The survey targeted residents aged 18 years or older. A probability-based quota sampling strategy was adopted to ensure that the
selected samples matched the population’s geographical and demographic characteristics released by the latest available census
in each jurisdiction. The final sample included 10,063 respondents. Information overload about COVID-19 was measured by
asking the respondents to what extent they feel overwhelmed by news related to COVID-19. The measure of psychological distress
was adapted from the Posttraumatic Stress Disorder Checklist for Diagnostic and Statistical Manual of Mental Disorders 5
(DSM-5). Protective behaviors included personal hygienic behavior and compliance with social distancing measures.

Results: Younger respondents and women (b=0.20, 95% CI 0.14 to 0.26) were more likely to perceive information overload.
Participants self-perceived as upper or upper-middle class (b=0.19, 95% CI 0.09 to 0.30) and those with full-time jobs (b=0.11,
95% CI 0.04 to 0.17) tended to perceive higher information overload. Respondents who more frequently sought COVID-19
information from newspapers (b=0.12, 95% CI 0.11 to 0.14), television (b=0.07, 95% CI 0.05 to 0.09), and family and friends
(b=0.11, 95% CI 0.09 to 0.14) were more likely to feel overwhelmed. In contrast, obtaining COVID-19 information from online
news outlets and social media was not associated with perceived information overload. There was a positive relationship between
perceived information overload and psychological distress (b=2.18, 95% CI 2.09 to 2.26). Such an association was stronger
among urban residents, full-time employees, and those living in privately owned housing. The effect of perceived information
overload on protective behavior was not significant.

Conclusions: Our findings revealed that respondents who were younger, were female, had a higher socioeconomic status (SES),
and had vulnerable populations in the household were more likely to feel overwhelmed by COVID-19 information. Perceived
information overload tended to increase psychological distress, and people with higher SES were more vulnerable to this adverse
psychological consequence. Effective policies and interventions should be promoted to target vulnerable populations who are
more susceptible to the occurrence and negative psychological influence of perceived information overload.
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Introduction

Background
The COVID-19 pandemic has posed unprecedented challenges
to public health and daily life worldwide. A cluster of
COVID-19 cases was first reported in December 2019 in Wuhan
of Hubei Province in China. Due to the proximity and various
links to China, COVID-19 badly hit Asia early on. By imposing
strict public health measures, some countries in Asia and the
Pacific had better performance in containing the spread of
COVID-19 compared with the rest of the world. However, the
outbreaks of the Delta variant in several Asian countries and
regions, including India, Singapore, Taiwan, and Thailand [1],
show the difficulty in suppressing COVID-19 even with the
implementation of social distancing and the availability of
vaccines. As of May 31, 2021, cumulative cases in Asia had
reached over 51.07 million—nearly one-third of the total cases
reported globally—and the number deaths had reached over
682,000 [2].

The unpredictable course of the pandemic along with prolonged
social distancing can negatively affect people’s mental health,
regardless of exposure to the disease itself [3]. A study of the
general population in Hong Kong between March 2020 and
May 2020 revealed that almost two-thirds of the respondents
reported depression or anxiety disorders and about one-quarter
met the criteria for risk of psychosis [4]. Also, about 45% of
South Korean residents experienced moderate or higher
symptoms of depression, anxiety, or stress, as shown by a survey
from March 2020 to June 2020 [5]. Similarly, a study of the
general population in Taiwan in April 2020 found that 55.8%
of the participants reported sleep disturbance and 10.8% reported
having suicidal thoughts in the previous week [6].

In addition, the psychological impact of COVID-19 has been
fueled by an “infodemic,” which refers to “an overabundance
of information—some accurate and some not—that makes it
hard for people to find trustworthy sources and reliable guidance
when they need it” [7]. An infodemic may cause a feeling of
information overload when the amount of information to which
people are exposed exceeds the optimal level that they can
process and understand effectively [8]. Such a feeling of
information overload may worsen when the information contains
contradictory or uncertain contents [9,10]. As COVID-19 is a
sudden disease outbreak with unknown causes and unpredictable
course, its related information involves a high level of
uncertainty. For instance, the prevention guidance for
COVID-19 is ambiguous and changing as experts and authorities
present different perspectives, particularly in the early stage of
the outbreak [11]. The complexity of COVID-19 information
(eg, contains too much scientific jargon) also contributes to a
perception of information overload, as processing COVID-19
information requires great cognitive resources.

Although timely and accurate information during the pandemic
helps individuals develop adequate risk perceptions, take
preventive measures, and reduce mental distress, an infodemic
and information overload can trigger unpleasant emotions, cause
confusion and distrust among people, and impede effective
public health responses [12-14]. Prior research has revealed that
health information overload was negatively associated with
one’s attitudes and willingness to use medical services. Health
information overload may also hinder the dissemination of
health knowledge and affect public health decision-making. For
example, cancer information overload may increase individuals’
susceptibility to cancer fatalism [14], reduce the willingness to
undergo cancer screening [15], and decrease self-management
of chronic diseases [16]. Information overload and its related
psychological discomfort can lead to information avoidance
[17], reduce motivation for information sharing [18], and reduce
health behaviors [19]. During the COVID-19 pandemic, people
have been exposed to a great deal of information, which not
only is based on scientific evidence but also contains
misinformation and rumors from unreliable sources. Exposure
to too much ambiguous information may pose an obstacle to
appropriate responses and undermine trust in health institutions
and programs [20]. As such, researchers and public health
authorities should be mindful of the causes and consequences
of information overload on emergency responses.

To date, only a few studies have investigated the prevalence
and consequences of perceived information overload during the
COVID-19 pandemic, most of which discussed the effect of
information overload on compliance with protective behaviors
[21-25]. In light of the psychological and emotional impacts of
COVID-19 information (eg, fatigue and anxiety) [26,27],
scholars have suggested that “future studies would add more
valuable insights if they aim to investigate psychological and
emotional responses of information overload” [25]. Although
information overload is a stress indicator, previous findings
indicated that information overload measured different concepts
of perceived stress and the scales for measuring perceived
information overload and perceived stress do not overlap [28].

Besides a lack of research on the psychological consequences
of information overload about COVID-19, most existing studies
only examined the impact of information overload in the general
population while ignoring the potentially stratified impact of
information overload in different subpopulations. Moreover,
the scope of previous studies on information overload is limited.
A recent systematic review of health information overload
pointed out that most research has been conducted in the United
States, focusing on cancer information overload perceived by
cancer patients and thus called for extending the scope to other
health issues in different contexts [29].

To fill the gaps, this paper aimed to systematically examine the
level, associated factors, and psychological and behavioral
consequences of perceived information overload about
COVID-19 and explore the sociodemographic variances in the
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susceptibility to and impact of information overload. The data
were collected from a large-scale, cross-sectional survey of
10,063 residents in 6 jurisdictions in Asia, including Hong Kong,
Taiwan, Japan, South Korea, Singapore, and Thailand, in May
2020. We focused on 4 research questions: (1) Which segments
of the population perceived higher levels of information
overload during the COVID-19 pandemic? (2) How has
information-seeking behavior (ie, the frequency of accessing
and perceived trustworthiness of COVID-19 information from
different sources) affected the perception of information
overload? (3) Would perceived information overload negatively
affect psychological well-being and preventative behavior during
the pandemic? (4) If so, which subpopulations are more
vulnerable to the psychological and behavioral consequences
of information overload? The findings would help identify
vulnerable groups who are more susceptible to information
overload about COVID-19 and its psychological and behavioral
consequences and thus contribute to a nuanced understanding
of the correlates and consequences of an infodemic and
information overload during the COVID-19 pandemic.

Prior Work
As information overload arises when there is much more
information available than an individual’s information
processing capacity [30], people who are more attentive to
information or have a lower level of cognitive capacity for
dealing with relevant information tend to perceive higher levels
of information overload. Previous studies have shown that older
adults [31] and women [32-35] experienced greater information
overload. Also, those who are less educated [31,36,37] and of
lower socioeconomic status (SES) [38,39] were more likely to
feel overwhelmed by information, which may be due to their
lower capacity for processing information.

The empirical results of the relationship between media exposure
and information overload were mixed [38,40,41]. Moreover,
the effect of various media types on perceived information
overload may be different [36]. During the COVID-19
pandemic, information overload was higher among individuals
who used social media as a source for COVID-19 information
[42,43], perhaps because misinformation and rumors tend to
spread more rapidly on social media platforms [44,45]. Thus,
we proposed the following hypotheses: Hypothesis 1 (H1) is
that the frequency of obtaining COVID-19 information from
traditional sources (eg, newspaper, television, and family and
friends) is negatively associated with perceived information
overload. Hypothesis 2 (H2) is that the frequency of obtaining
COVID-19 information from social media is positively
associated with perceived information overload.

Although access to timely and quality health information during
outbreaks of infectious diseases can effectively contain the
spread of diseases and reduce depressive and anxious feelings
[46,47], an overabundance of information can make people feel
powerless and anxious, experience information fatigue, and use
heuristic rather than systematic information processing [17,48].
Prior research has documented the adverse impact of excessive
media consumption on psychological well-being during
infectious health outbreaks such as the 2014 Ebola outbreak
and the swine flu pandemic [49,50]. Likewise, during the current

COVID-19 pandemic, people are likely to develop negative
emotions when experiencing information overload [51]. Based
on the broadly consistent findings of the negative effect of
information overload on psychological well-being, we posited
the following hypothesis: Hypothesis 3 (H3) is that perceived
information overload is positively associated with psychological
distress during the COVID-19 pandemic.

Researchers have also investigated the role of various
information sources in psychological well-being and coping
behavior during the COVID-19 pandemic. Previous studies in
mainland China [52] and Taiwan [53] have revealed that
exposure to social media was positively associated with mental
distress during the COVID-19 pandemic. In contrast, no such
relation was found with traditional media (mass and print media)
[42]. We thus proposed the following hypotheses about the
effect of information sources and psychological well-being
during the COVID-19 pandemic: Hypothesis 4 (H4) is that the
frequency of obtaining COVID-19 information from traditional
sources (eg, newspaper, TV, family, and friends) has a limited
effect on psychological well-being during the COVID-19
pandemic. Hypothesis 5 (H5) is that the frequency of obtaining
COVID-19 information from social media is positively
associated with psychological distress

Despite the well-documented relationship between perceived
information overload and psychological distress, limited studies
have investigated the socioeconomic differences in the
relationship between perceived information overload and
psychological well-being. Prior research suggested that
confusing and ambiguous information is especially problematic
for those experiencing communication inequality, such as the
lack of access to relevant health information or the ability to
make sense of information [54]. Populations at risk of
communication inequality disproportionately consist of older
adults, people with low educational levels and incomes, ethnic
minorities, and residents of rural areas [54,55]. Thus, structurally
vulnerable populations with communication disadvantages may
experience higher levels of psychological distress because of
perceived information overload. Therefore, we hypothesized
the following: Hypothesis 6 (H6) is that the effects of perceived
information overload on psychological distress are stronger
among older people. Hypothesis 7 (H7) is that the effects of
perceived information overload on psychological distress are
stronger among respondents with lower SES.

In addition to psychological responses to information overload,
people’s health behavior is also likely to be influenced by
information overload. Previous studies on health information
overload have consistently shown that those who perceive higher
information overload are less likely to perform health behaviors
[19,56-58]. However, there were mixed findings on behavioral
consequences of information overload during the COVID-19
pandemic. A study of 225 participants in Finland showed that
perceived information overload had a negative effect on
protective health behavior (eg, self-isolation) during the
COVID-19 pandemic [59]. Nevertheless, other studies found
no direct impact of information overload about COVID-19 and
intention to adopt protective behavior [25]. Some studies even
found a positive relationship between information overload and
the adoption of protective behavior [23,60]. Given the ambiguity
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in the empirical evidence, we tentatively hypothesized a negative
relationship between perceived information overload and
compliance behaviors during the COVID-19 pandemic:
Hypothesis 8 (H8) is that participants who perceived higher
levels of information overload about COVID-19 were less likely
to adopt protective behaviors.

Methods

Study Design and Data Collection
The data for this study were obtained from a cross-national
survey of public attitudes and responses toward COVID-19 in
6 jurisdictions in East and Southeast Asia, including Hong Kong,
Taiwan, Japan, South Korea, Singapore, and Thailand. The
survey was conducted by a group of scholars at the City
University of Hong Kong between May 11, 2020 and May 26,
2020. The 6 regions were selected due to their geographical
proximity to mainland China, the original epicenter of the
COVID-19 pandemic, and were hardly hit by the pandemic
since late January 2020. In late March 2020, they all entered a
second wave of the pandemic as more imported cases from
Europe and the United States were detected. They are the Tiger
economies characterized by relatively high economic
development and governing capacity in Asia. Yet, they also
vary in regime types, media development, the stringency of
public health measures, and effectiveness in containing the
pandemic. Thus, these cases provide an ideal mixture of
similarities and differences to examine the impacts of
information-seeking behavior, perceived information overload,
and psychological well-being during the COVID-19 pandemic.

The surveys were completed using online panels provided by
a globally recognized professional survey company. The
company’s online panels consist of an opt-in list of 56,000 to

1,440,000 individuals relative to the population size in the 6
jurisdictions surveyed in this study. Online panels have been
used increasingly among psychological, social, and medical
research [61-64]. Using a panel provider for online research can
help obtain a representative sample of the required size and
facilitate quick completions for time-sensitive projects [65],
especially during the COVID-19 pandemic. We reported our
methods in line with the Checklist for Reporting Results of
Internet E-Surveys (CHERRIES) [66].

For this study, we requested nationally representative samples
of around 2000 adults aged 18 years or older in each of the 6
jurisdictions. Age and gender sampling quotas were set to match
the latest available census estimates for age and gender in each
jurisdiction. Participants were invited through email messages
with an embedded link. The panel provider continuously invited
participants until the predetermined quota was met. To increase
the response rate, participants would get modest monetary
rewards upon completion of the survey. Participation was
voluntary, and all responses were anonymous. Details of the
survey method of this project can be found elsewhere [67].

We developed a questionnaire that includes questions on
perceived information overload about COVID-19,
information-seeking behavior, psychological well-being, and
protective behavior during the pandemic. We conducted a
pre-test of the survey questions and modified wordings based
on the feedback from the pre-testers. The questionnaire was
available in English, Chinese, Korean, Japanese, and Thai for
participants from different jurisdictions. A total of 12,062
representative respondents was collected, with approximately
2000 individuals in each jurisdiction. Cases with incomplete
information were excluded from the analysis. The final sample
size was 10,063 (see Table 1 for more details).
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Table 1. Sample characteristics.

Thailand
(n=1753), n
(%)

Taiwan
(n=1695), n
(%)

South Korea
(n=1749), n
(%)

Singapore
(n=1681), n
(%)

Japan
(n=1372), n
(%)

Hong Kong
(n=1813), n
(%)

Full sample
(N=10,063), n
(%)

Variable

Age (years)

535 (30.52)411 (24.25)431 (24.64)400 (23.80)254 (18.51)413 (22.78)2444 (24.29)18-29

474 (27.04)408 (24.07)441 (25.21)389 (23.14)304 (22.16)425 (23.44)2441 (24.26)30-39

416 (23.73)394 (23.24)451 (25.79)385 (22.90)263 (19.17)470 (25.92)2379 (23.64)40-49

254 (14.49)357 (21.06)273 (15.61)346 (20.58)348 (25.36)392 (21.62)1970 (19.58)50-59

74 (4.22)125 (7.37)153 (8.75)161 (9.58)203 (14.80)113 (6.23)829 (8.24)≥60

Sex

883 (50.37)955 (56.34)927 (53.00)867 (51.58)761 (55.47)865 (47.71)5258 (52.25)Male

870 (49.63)740 (43.66)822 (47.00)814 (48.42)611 (44.53)948 (52.29)4805 (47.75)Female

Education

389 (22.19)194 (11.45)169 (9.66)232 (13.80)316 (23.03)518 (28.57)1690 (16.79)Secondary school or be-
low

1364 (77.81)1501 (88.55)1580 (90.34)1449 (86.20)1056 (76.97)1295 (71.43)8373 (83.21)College or above

Area

1149 (65.54)1475 (87.02)1580 (90.34)1648 (87.33)802 (58.45)1673 (92.28)8147 (80.96)Urban

604 (34.46)220 (12.98)169 (9.66)213 (12.67)570 (41.55)140 (7.72)1916 (19.04)Rural

Perceived social status

407 (23.22)632 (37.29)867 (49.57)523 (31.11)658 (47.96)947 (52.23)4034 (40.09)Lower or lower-middle
class

1260 (71.88)827 (48.79)719 (41.11)958 (56.99)523 (38.12)628 (34.64)4915 (48.84)Middle class

86 (4.91)236 (13.92)163 (9.32)200 (11.9)191 (13.92)238 (13.13)1114 (11.07)Upper or upper-middle
class

Employment status

914 (52.14)1253 (73.92)886 (50.66)1155 (68.71)725 (52.84)1345 (74.19)6278 (62.39)Working full time

839 (47.86)442 (26.08)863 (49.34)526 (31.29)647 (47.16)468 (25.81)3785 (37.61)Other

Housing type

1310 (74.73)1200 (70.80)1152 (65.87)1210 (71.98)893 (65.09)1017 (56.09)6043 (60.05)Privately owned housing

443 (25.27)495 (29.20)597 (34.13)471 (28.02)479 (34.91)796 (43.91)4020 (39.95)Other

Chronic illness

237 (13.52)161 (9.50)343 (19.61)195 (11.60)244 (17.78)198 (10.92)1378 (13.69)Yes

1516 (86.48)1534 (90.50)1406 (80.39)1486 (88.40)1128 (82.22)1615 (89.08)8685 (86.31)No

Having pregnant women or older adults (>65 years old) in the household

665 (37.93)620 (36.58)377 (21.56)378 (22.49)383 (27.92)535 (29.51)2958 (29.39)Yes

1088 (62.07)1075 (63.42)1372 (78.44)1303 (77.51)989 (72.08)1278 (70.49)7105 (70.61)No

Having children aged under 12 years in the household

833 (47.52)490 (28.91)376 (21.50)489 (29.09)254 (18.51)533 (29.4)2975 (29.56)Yes

920 (52.48)1205 (71.09)1373 (78.50)1192 (70.91)1118 (81.49)1280 (70.6)7088 (70.44)No

Ethical Review
The study was approved by the Human Subject Ethics
Committee of the City University of Hong Kong (Ref No:
8-2020-04-E295-18). All necessary participant consent was
obtained.

Measures
Psychological distress was gauged by the Posttraumatic Stress
Disorder Checklist for Diagnostic and Statistical Manual of
Mental Disorders (DSM-5; PCL-5) [68]. Five items were
selected according to their relevance to COVID-19, such as
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“Having trouble falling or staying asleep” and “Having trouble
concentrating.” The responses ranged from 0 = “Not at all” to
6 = “Very much.” The scores of the 5 items were summed to
represent psychological distress, with higher values indicating
higher levels of psychological distress. The theoretical score
range of the variable was 0-30. The internal reliability of the
scale was satisfactory (Cronbach α=0.80).

Protective behavior was assessed by asking the respondents to
rate on a 7-point Likert scale the level of compliance with 6
protective behaviors suggested by the government (eg, “kept a
distance of at least 2 meters to other people” and “wore a mask
in public space”) in the past week. Higher scores indicated
higher levels of compliance.

Perceived information overload about COVID-19 was measured
by the question, “To what extent do you feel overwhelmed by
news related to the COVID-19 pandemic?” (0 = “Not at all” to
6 = “Very much”). This item was selected and adapted from
the Perceived Information Overload scale [28] and the Cancer
Information Overload scale [14,69].

Information-seeking behavior was assessed by the frequency
of accessing COVID-19 information from the following
platforms: newspapers, television, online news outlets, and
social media (jurisdiction-specific examples were included in
blanket statements based on the most popular social media tools
in each jurisdiction; 0 = “Never” to 6 = “Very frequently”). We
also controlled for perceived source credibility and time spent
searching for COVID-19 information. Perceived source
credibility was gauged by asking the respondents to rate how
trustworthy they considered news about COVID-19 from the
sources mentioned above on a 7-point Likert scale (1 = “Not at
all trustworthy” to 7 = “Very trustworthy”). We also controlled
for the average time (in hours) the respondents spent viewing
information about COVID-19 each day.

We adjusted for demographic variables, such as age (18-29,
30-39, 40-49, 50-59, ≥60 years) and sex (male vs female). We
also included a series of socioeconomic factors, including
education (secondary school or below vs college or above),
rural or urban residence, employment status (working full-time
vs other), and housing type (privately owned housing vs other).
We also assessed perceived social status by asking the
respondents to declare their perceived social position (lower or
lower-middle class, middle class, upper or upper-middle class).
In addition, we controlled for the perceived threat of COVID-19
and level of worry about contracting COVID-19. To assess the
impact of having a vulnerable household member, we asked
whether the respondent lived with a pregnant woman or an adult
older than 65 years and whether they had a child aged 12 years
or below.

Statistical Analysis
Descriptive statistics are reported as mean and SD for normally
distributed continuous variables or median and IQR in the case
of skewed distributions (Table 1). Normality of the distribution
of statistics was tested using skewness or kurtosis tests for
normality. For the regression analysis, we first used ordinary
least squares (OLS) regression to examine the effects of
sociodemographic variables and information-seeking behavior

on perceived information overload (outcome variable). Next,
OLS regressions with robust standard errors were carried out
to examine the effects of perceived information overload and
information-seeking behavior on 2 outcome variables
(psychological distress and protective behavior) after adjusting
for various sociodemographic variables. Lastly, 2-way
interaction terms were computed between perceived information
overload and each sociodemographic factor (ie, age, sex,
education, employment, urban or rural residence, perceived
social status, and housing types) to examine whether the effects
of information overload on psychological distress (outcome
variable) varied across different sociodemographic groups. As
the main effect of perceived information overload on protective
behavior was not significant, we did not further examine the
sociodemographic differences in such an effect. We used
graphical and numerical tests to verify OLS assumptions, and
the results showed no evident violation of OLS assumptions
(detailed information is included in Multimedia Appendix 1).
To account for potential heteroscedasticity, we obtained robust
standard errors in OLS models [70]. All the analyses were
performed using Stata 15.0. Unstandardized coefficients with
95% CIs are reported. A P value of .05 was set as the level of
statistical significance.

Results

Sample Characteristics
Table 1 displays the background characteristics of the
respondents. In the full sample, about one-half (4885/10,063,
48.54%) of the respondents were under 40 years old. There were
slightly more men (5258/10,063, 52.25%) than women. Most
respondents had a college education or above (8373/10,063,
83.21%), lived in urban areas (8147/10,063, 80.96%), worked
full-time (6278/10,063, 62.39%), and lived in privately owned
housing (6043/10,063, 60.05%). About 40% (4034/10,063,
40.09%) of respondents perceived themselves as lower or
lower-middle class, while about 49% (4915/10,063, 48.84%)
and 11% (1114/10,063, 11.07%) of respondents perceived their
status as middle class or upper or upper-middle class,
respectively. About 14% (1378/10,063, 13.69%) of respondents
had a chronic illness. About one-third (2958/10,063, 29.39%)
of respondents had family members vulnerable to COVID-19
(eg, pregnant women, older adults aged over 65 years, children
under 12 years old at home).

Descriptive Statistics
Table 2 presents the description of key variables. Of a theoretical
score range of 0 to 35, the mean psychological distress score
among the full sample was 14.27 (SD 8.00). Respondents in
South Korea reported the highest level of distress (mean 16.21),
followed by residents in Hong Kong (mean 14.90), Thailand
(mean 14.48), Singapore (mean 13.74), and Japan (mean 13.14).
Taiwan residents reported the lowest level of psychological
distress (mean 12.83). As for involvement in protective
behaviors, the median for the full sample was 6 (out of a range
of 1 to 7), with respondents in Taiwan reporting the lowest level
of compliance (median 5.55) and respondents in Singapore
reporting the highest compliance (median 6.50). The median
level of perceived information overload was 3 (0-6; mean 3.35,
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SD 1.64). Respondents in South Korea (mean 3.96) and Taiwan
(mean 2.65) experienced the highest and lowest levels of
information overload, respectively. Residents in Japan, Hong
Kong, Singapore, and Thailand reported levels of information
overload between 3.02 and 3.76. As for media use, respondents
were less likely to use newspapers for COVID-19 information
(median 3) and more likely to get COVID-19 information from

TV (median 5) and online news outlets (median 5), with social
media (median 4) and family and friends (median 4) falling in
between. As for perceived source credibility, COVID-19
information on traditional media (television, online news outlets,
newspapers, and family and friends) was rated by the
respondents as more trustworthy (median 5) than that from
social media (median 4).

Table 2. Descriptive statistics of key covariates (N=10,063).

RangeResultsKey covariates

0-3014.27 (8.00)Psychological distress, mean (SD)

1-76 (6.33-6.67)Preventative behavior, median (IQR)

0-63 (3-5)Perceived information overload, median (IQR)

1-75 (4-7)Perceived susceptibility to COVID-19, median (IQR)

1-76 (5-7)Perceived severity of COVID-19, median (IQR)

Frequency of seeking COVID-19 information from various sources, median (IQR)

0-63 (1-5)Newspaper

0-65 (3-6)TV

0-65 (4-6)Online news outlet

0-64 (3-6)Social media

0-64 (3-5)Family and friends

Trustworthiness of COVID-19 information from various sources, median (IQR)

1-75 (4-6)Newspaper

1-75 (4-6)TV

1-75 (4-6)Online news outlet

1-74 (4-5)Social media

1-75 (4-6)Family and friends

Sociodemographic Factors and Perceived Information
Overload
Table 3 shows the OLS regression models for perceived
information overload and sociodemographic variables. The
results showed that older respondents were less likely to
experience COVID-19 information overload. Compared with
those aged 18 years to 29 years, respondents aged between 40
years and 49 years (b=–0.11, 95% CI –0.20 to –0.01; P=.02),
between 50 years and 59 years (b=–0.13, 95% CI –0.23 to –0.04;
P<.007), and at least 60 years (b=–0.21, 95% CI –0.33 to –0.08,
P<.001) expressed lower levels of information overload. Female
respondents were more likely to feel information overload
(b=0.20, 95% CI 0.14 to 0.26, P<.001). In addition, respondents
with higher SES were more likely to experience information
overload about COVID-19. Compared with those who perceived
themselves as lower or lower-middle class, respondents
self-perceived as upper or upper-middle class (b=0.19, 95% CI
0.09 to 0.30; P<.001) experienced more COVID-19 information

overload. Those with full-time jobs also tended to perceive
higher information overload (b=0.11, 95% CI 0.04 to 0.17;
P=.003) than those without full-time work. The relationship
between education and perceived information overload was
marginally significant, with respondents with at least a college
education more likely to be overwhelmed by COVID-19
information. There were no discernible differences in perceived
information overload between people living in rural or urban
areas and between housing types. In addition, respondents who
had pregnant women or older adults (>65 years old) at home
(b=0.16, 95% CI 0.09 to 0.23; P<.001) and with children under
12 years in the household (b=0.35, 95% CI 0.28 to 0.43; P<.001)
were more likely to perceive COVID-19 information overload.
As for RQ1, about which segments of the population
experienced greater information overload, our findings revealed
that young people, women, full-time workers, those who
perceived themselves as upper or upper-middle class, and those
with vulnerable populations in the household were more likely
to experience COVID-19 information overload.
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Table 3. Association between sociodemographic variables and perceived information overload.

P value95% CIbaSociodemographic variables

Age (years)

N/AN/AbReference18-29

.70–0.07 to 0.110.0230-39

.02–0.20 to –0.01–0.1140-49

.008–0.23 to –0.04–0.1350-59

.002–0.33 to –0.08–0.21≥60

Sex

N/AN/AReferenceMale

<.0010.14 to 0.260.20Female

Education

N/AN/AReferenceSecondary or below

.08–0.01 to 0.170.08College or above

Residential area

N/AN/AReferenceRural

.28–0.04 to 0.130.05Urban

Perceived social status

N/AN/AReferenceLower or lower-middle class

.67–0.08 to 0.05–0.02Middle class

.0010.09 to 0.300.19Upper and upper-middle class

Employment

N/AN/AReferenceOther

.0030.04 to 0.170.11Working full time

Housing type

N/AN/AReferenceOther

.81–0.06 to 0.080.01Privately owned housing

Chronic diseases

N/AN/AReferenceNo

<.0010.09 to 0.270.18Yes

Having pregnant women or older adults (>65 years old) in the household

N/AN/AReferenceNo

<.0010.09 to 0.230.16Yes

Having children aged under 12 years in the household

N/AN/AReferenceNo

<.0010.28 to 0.430.35Yes

Survey location

N/AN/AReferenceHong Kong

.37–0.06 to 0.170.05Japan

<.0010.47 to 0.680.57Singapore

<.0010.84 to 1.050.94South Korea

<.001–0.52 to –0.31–0.41Taiwan

<.0010.55 to 0.770.66Thailand

J Med Internet Res 2022 | vol. 24 | iss. 3 |e31088 | p.1019https://www.jmir.org/2022/3/e31088
(page number not for citation purposes)

Chen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


P value95% CIbaSociodemographic variables

<.0012.50 to 2.782.64Constant

aUnstandardized coefficient.
bN/A: not applicable

Information-Seeking Behavior and Perceived
Information Overload
We then examined the effects of using different sources for
COVID-19 information on perceived information overload after
adjusting for perceived source credibility, average time spent
on viewing COVID-19 information, and various
sociodemographic variables (Table 4). Inconsistent with H1,
the results revealed that seeking COVID-19 information from
traditional sources was positively associated with perceived
information overload. Specifically, respondents who more

frequently sought COVID-19 information from newspapers
(b=0.12, 95% CI 0.11 to 0.14; P<.001), television (b=0.07, 95%
CI 0.05 to 0.09; P<.001), and from family and friends (b=0.11,
95% CI 0.09 to 0.14; P<.001) were more likely to feel
overwhelmed by the information. In contrast, seeking
COVID-19 information from online media, including online
news outlets (b=0.00, 95% CI –0.03 to 0.03; P=.98) and social
media (b=0.02, 95% CI –0.00 to 0.04; P=.10) was not significant
associated with perceived information overload, which showed
limited support for H2.

Table 4. The association between information seeking behavior and perceived information overload.

P value95% CIba,bInformation-seeking behaviors

Frequency of seeking COVID-19 information from various sources

<.0010.11 to 0.140.12Newspaper

<.0010.05 to 0.090.07TV

.98–0.03 to 0.030.00Online news outlet

.13–0.00 to 0.040.02Social media

<.0010.09 to 0.140.11Family and friends

Trustworthiness of COVID-19 information from various sources

.94–0.03 to 0.03–0.00Newspaper

.01–0.08 to –0.01–0.05TV

.010.01 to 0.080.05Online news outlet

<.0010.07 to 0.130.10Social media

<.0010.03 to 0.100.06Family and friends

aThe model was adjusted for sociodemographic variables, including age, sex, education, area, perceived social status, employment, housing types, a
history of chronic diseases, having pregnant women or older adults (>65 years old) in the household, having children aged under 12 years in the household,
and survey locations.
bUnstandardized coefficient.

The relationships between perceived source credibility and
perceived information overload were mixed. Specifically, people
who trusted COVID-19 information on television more
experienced lower levels of information overload (b=–0.05,
95% CI –0.08 to –0.01; P=.005). In contrast, perceived
trustworthiness of COVID-19 information from online news
outlets (b=0.05, 95% CI 0.01 to 0.08; P=.005), social media
(b=0.10, 95% CI 0.07 to 0.13; P<.001), and family and friends
(b=0.06, 95% CI 0.03 to 0.10; P<.001) was positively associated
with perceived information overload. The perceived
trustworthiness of COVID-19 information on newspapers was
not associated with perceived information overload.

Perceived Information Overload and Psychological
Distress
Next, we investigated the effect of perceived information
overload and information-seeking behavior on psychological
distress. Model 1 in Table 5 shows the OLS regression models

for psychological distress and protective behaviors after
controlling for sociodemographic variables. As for psychological
distress, a positive and significant effect of perceived
information overload and psychological distress existed (b=2.18,
95% CI 2.09 to 2.26; P<.001), which lent strong support for
H3. As for the role of information-seeking behavior in
psychological well-being, the results showed mixed support for
H4 and H5. Specifically, more consumption of COVID-19
information from newspapers (b=0.58, 95% CI 0.51 to 0.65;
P<.001) and family and friends (b=0.29, 95% CI 0.18 to 0.40;
P<.001) resulted in higher levels of psychological distress. In
contrast, obtaining COVID-19 information from online news
outlets was associated with less distress (b=–0.32, 95% CI –0.44
to –0.21; P<.001). The frequency of getting COVID-19
information from TV and social media was not associated with
psychological distress. For perceived source credibility, the
perceived trustworthiness of information from newspapers
(b=–0.27, 95% CI –0.39 to –0.15; P<.001) and TV (b=–0.26,
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95% CI –0.39 to –0.12; P<.001) was negatively associated with
psychological distress caused by COVID-19. In contrast, the
perceived credibility of information obtained from social media

(b=0.56, 95% CI 0.43 to 0.68; P<.001) and family and friends
(b=0.24, 95% CI 0.11 to 0.37; P<.001) was positively related
to psychological distress.

Table 5. Association between perceived information overload and psychological distress and preventive behaviors.

Model 2a: preventive behaviorModel 1a: psychological distressVariables

P value95% CIbbP value95% CIbb

.85–0.09 to 0.070.01<.0012.09 to 2.262.18Perceived information overload

Frequency of seeking COVID-19 information from various sources

.06–0.13 to 0.00–0.06<.0010.51 to 0.650.58Newspaper

<.0010.10 to 0.290.19.55–0.13 to 0.06–0.03TV

<.0010.26 to 0.470.37<.001–0.44 to –0.21–0.32Online news outlet

<.0010.09 to 0.280.18.38–0.05 to 0.150.05Social media

.86–0.10 to 0.110.01<.0010.18 to 0.400.29Family and friends

Trustworthiness of COVID-19 information obtained from various sources

.17–0.03 to 0.190.08<.001–0.39 to –0.15–0.27Newspaper

.030.01 to 0.270.14<.001–0.39 to –0.12–0.26TV

.98–0.13 to 0.13–0.00.55–0.09 to 0.190.05Online news outlet

.01–0.27 to –0.03–0.16<.0010.43 to 0.680.56Social media

.0040.06 to 0.310.18<.0010.11 to 0.370.24Family and friends

<.0010.33 to 0.490.41<.0010.71 to 0.880.80Perceived susceptibility

<.0010.46 to 0.630.55<.0010.20 to 0.390.30Perceived severity

aThe model was adjusted for sociodemographic variables, including age, sex, education, area, perceived social status, employment, housing types, a
history of chronic diseases, having pregnant women or older adults (>65 years old) in the household, having children aged under 12 years in the household,
and survey locations.
b Unstandardized coefficient.

Sociodemographic Differences in the Adverse
Psychological Effect of Information Overload
Finally, we assessed whether the impacts of COVID-19
information overload on psychological distress varied by
different sociodemographic characteristics. A series of 2-way
interaction terms between perceived information overload and
sociodemographic variables were computed. Table 6 presents
the regression results of psychological distress on interactions
between perceived information overload and sociodemographic
factors. The interaction between information overload and age
groups was not significant, suggesting that the effect of
information overload was not dependent on the respondents’
age—such a finding showed limited support for H6. The results
revealed a significant sex difference in the psychological
consequences of perceived information overload, with women
experiencing more psychological distress in the midst of
information overload about COVID-19 (b=0.24, 95% CI 0.10
to 0.39; P=.001).

As for SES, there was a positive interaction between COVID-19
information overload and an urban residence (b=0.23, 95% CI

0.04 to 0.41; P=.02), suggesting that the detrimental effect of
COVID-19 information overload on psychological distress was
more salient for urban residents than their rural counterparts.
The interaction between information overload and middle-class
status was also significant (b=0.18, 95% CI –0.02 to 0.33;
P=.03), suggesting that self-perceived middle-class respondents
were more likely to experience psychological distress when
faced with COVID-19 information overload than respondents
self-perceived as being lower or lower-middle class. Similarly,
full-time employees were likely to experience higher levels of
psychological distress when perceiving information overload
about COVID-19 (b=0.24, 95% CI 0.09 to 0.39; P=.002). Also,
the association between perceived information overload and
psychological distress was more salient among respondents
living in privately owned housing than their counterparts
residing in other types of accommodation (b=0.20, 95% CI 0.05
to 0.35; P=.01). Inconsistent with H7, such results suggested
that those with higher SES were more likely to develop
psychological distress when experiencing COVID-19
information overload.
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Table 6. Associations between perceived information overload and psychological distress among Asian populations with different sociodemographic
backgrounds.

P value95% CIbaModels and variables

Model 1b: perceived IOc × age

<.0011.93 to 2.242.08Perceived IO

N/AN/AdReferenceAge: 18-29 years

.10–1.48 to 0.13–0.67Age: 30-39 years

.002–2.07 to –0.46–1.26Age: 40-49 years

.001–2.18 to –0.55–1.35Age: 50-59 years

<.001–4.28 to –2.18–3.23Age: ≥60 years

.10–0.03 to 0.390.18Perceived IO × 30-39 years

.09–0.03 to 0.400.18Perceived IO × 40-49 years

.94–0.23 to 0.21–0.01Perceived IO × 50-59 years

.39–0.16 to 0.410.13Perceived IO × ≥60 years

Model 2b: perceived IO × >sex

<.0011.96 to 2.172.07Perceived IO

N/AN/AReferenceSex: male

<.001–1.77 to –0.68–1.23Sex: female

.0010.10 to 0.390.24Perceived IO × female

Model 3b: perceived IO × education

<.0011.98 to 2.342.16Perceived IO

N/AN/AReferenceEducation: secondary or below

.90–0.75 to 0.65–0.05Education: college or above

.83–0.17 to 0.210.02Perceived IO × college or above

Model 4b: perceived IO × area

<.0011.82 to 2.172.00Perceived IO

N/AN/AReferenceResidential area: rural

.13–1.22 to 0.16–0.53Residential area: urban

.020.04 to 0.410.23Perceived IO × urban

Model 5b: perceived IO × perceived status

<.0011.98 to 2.232.10Perceived IO

N/AN/AReferencePerceived status: lower or lower-middle class

.008–1.37 to –0.20–0.79Perceived status: middle class

.17–0.27 to 1.520.62Perceived status: upper and upper-middle class

.030.02 to 0.330.18Perceived IO × middle class

.53–0.31 to 0.16–0.07Perceived IO × upper or upper-middle class

Model 6b: perceived IO × employment status

<.0011.91 to 2.162.03Perceived IO

N/AN/AReferenceEmployment status: non-full time work

.008–1.33 to –0.20–0.76Employment status: working full time

.0020.09 to 0.390.24Perceived IO × working fulltime

Model 7b: perceived IO × housing types

<.0011.93 to 2.182.06Perceived IO
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P value95% CIbaModels and variables

N/AN/AReferenceHousing type: non-privately owned housing

.007–1.34 to –0.21–0.77Housing type: privately owned housing

.010.05 to 0.350.20Perceived IO × privately-owned housing

aUnstandardized coefficient.
bAll the models adjusted for sociodemographic variables, including age, sex, education, area, perceived social status, employment, housing types, a
history of chronic diseases, having pregnant women or older adults (>65 years old) in the household, having children aged under 12 years in the household,
and survey locations. The model also controlled for perceived susceptibility to and perceived severity of COVID-19.
cIO: information overload.
dN/A: not applicable.

Perceived Information Overload and Protective
Behavior
Model 2 in Table 5 shows that the association between perceived
information overload and adoption of protective behaviors was
not significant after adjusting for sociodemographic variables
and perceived susceptibility and severity of the pandemic
(b=0.00, 95% CI –0.01 to 0.01; P=.88). Such results did not
support H8. More frequent exposure to COVID-19 information
on TV (b=0.33, 95% CI 0.01 to 0.04; P<.001), online news
outlets (b=0.06, 95% CI 0.04 to 0.08; P<.001), and social media
(b=0.03, 95% CI 0.01 to 0.04; P=.001) could promote the
adoption of protective behaviors against COVID-19. Also,
respondents who perceived higher trustworthiness of COVID-19
information obtained from TV (b=0.03, 95% CI 0.01 to 0.05;
P=.007) and family and friends (b=0.03, 95% CI 0.01 to 0.05;
P=.008) were more likely to take protective measures. In
contrast, there was a negative association between perceived
trustworthiness of COVID-19 information on social media and
engagement in various protective behaviors (b=–0.02, 95% CI
–0.04 to 0.00; P=.04).

Discussion

Principal Findings
This study is among the first to investigate the antecedents and
consequences of information overload about COVID-19 among
Asian populations. Using data from a cross-sectional survey of
10,063 residents of 6 jurisdictions in East and Southeast Asia,
our study showed a high level of perceived information overload
during the pandemic. Regression results further revealed that
young people, women, people with a higher SES (ie, full-time
workers, self-perception as being upper or upper-middle class),
and those with vulnerable populations in the household were
more likely to experience COVID-19 information overload. As
for the behavioral consequence of information overload, the
results showed no significant relationship between perceived
information overload and protective behaviors during the
pandemic. Consistent with previous studies, we found a positive
relationship between perceived information overload and
psychological distress. Notably, the association between
perceived information overload and psychological distress was
more substantial among women and people with a higher SES
(urban residents, self-perceived as middle class, full-time
workers, and people living in privately owned housing). The
findings of this study contribute to a better understanding of the

level and correlates of information overload during the
COVID-19 pandemic and help identify subpopulations that are
particularly susceptible to information overload and its potential
downstream consequences. We discuss the main findings in the
following sections.

Comparison With Prior Work
Although the occurrence of information overload has been
documented in other disease outbreaks, the level and
consequences of information overload during the current global
pandemic are unparalleled. On the one hand, the unprecedented
scale and impacts of COVID-19 on public health and individual
lives have led to intensive media coverage. Other epidemics
such as Zika, Ebola, Middle East Respiratory Syndrome
(MERS), and H1N1 (swine flu) have caused great damage in
daily life. Still, the level of panic caused by COVID-19 is much
more severe and has resulted in a large volume of news attention
to COVID-19. Also, the high scientific uncertainty and rapidly
evolving settings of COVID-19 create opportunities for
generation of ambiguous, inaccurate, and conflicting
information, which may amplify information overload. On the
other hand, the media environment and spreading of information
have significantly changed over the past several decades. When
another deadly viral disease—Severe Acute Respiratory
Syndrome (SARS)—broke out in 2003, none of the major social
media outlets was present. In pandemics before the social media
era, a multilayered process involving careful review by experts,
editing by journals, and releasing essential information under
embargo to journalists who seek third-party comments would
be performed before releasing scientific knowledge to the public
[71]. In contrast, social media platforms can host an enormous
amount of user-generated content. During the COVID-19
pandemic, there has been a rush to publish unverified
information or even deliberately spread misinformation on
various social media platforms, which is likely to cause panic
and noncompliance to preventive behaviors.

As for the first research question about which segments of the
population perceived higher levels of information overload
during the COVID-19 pandemic, our results showed that
younger people (18-39 years old), women, and respondents with
higher SES (having a college education or above, having a
full-time job, and self-perceived as upper or upper-middle class)
expressed higher levels of perceived information overload about
COVID-19. The finding that women tended to experience more
information overload about COVID-19 than men is consistent
with findings of previous studies [40-42]. Globally, 70% of the
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workers in the health and social sectors are women [72]. Women
provide the majority of health services and are more likely to
take the caregiving lead in the family. Women’s caregiving
roles and higher risk exposure during the pandemic have
prompted them to pay more attention to COVID-19 information
and take COVID-19 more seriously than men [73,74].

Though not consistent with previous studies [31], the finding
that older people experienced lower levels of information
overload about COVID-19 may be justified by the following
reasons. First, increased age is often associated with decreased
motivation for health-related information seeking, especially
from online media, as older adults typically have lower levels
of internet literacy and may experience more difficulties
navigating websites [75]. Moreover, older people may be more
experienced with information content, even on online platforms.
In contrast to younger online users, who mainly browse
entertaining and social network sites, older adults are more
likely to use the internet for information purposes [76]. Thus,
the older generation is less likely to feel cognitively overloaded
as they may not seek COVID-19 information as frequently as
young people, and they are more experienced in dealing with
information [45].

Although several studies have suggested that people with higher
SES may experience less information overload [31,36-39], our
results showed a positive relationship between education,
employment, and perceived social status with perceived
information overload about COVID-19. Such unexpected
findings may be due to the widening digital divide between
socioeconomic groups during the COVID-19 pandemic. The
divides in internet coverage and quality of service have exposed
people to different levels of life disruptions caused by the
pandemic. Although those with adequate internet infrastructure
and capacity can work from home, engage in online teaching
and learning, and order food and groceries online, people with
limited digital access and skills can hardly overcome the
economic hardship and life inconvenience caused by the
COVID-19 pandemic. More importantly, the costs for timely
information for digital “have-nots” tend to be high, as they may
need to wait for information to arrive informally rather than
obtaining the information online in real time. Given that people
with lower SES are more likely to be digitally disadvantaged,
they may be involved in fewer information-seeking behaviors
and, consequently, less likely to feel overwhelmed by
COVID-19 information.

Moreover, the socioeconomic disparities in perceived
information overload may gradually emerge as the pandemic
unfolds. A study of South Korean residents found no
sociodemographic differences in perceived information overload
about COVID-19 during the early stage of the pandemic [25].
It may be because their study was conducted at the peak of
media coverage of COVID-19 in South Korea (mid-March
2020), and there may be a ceiling effect of perceived information
overload when most people were highly attentive to the
COVID-19 information. Moreover, the data collection was
confined to Seoul residents, and the sample overrepresented
young and highly educated people, which limited the
socioeconomic differences in the perception of information
overload. In contrast, our study was carried out in May 2020

when the 6 jurisdictions surveyed were in their fifth month of
the pandemic. Our findings suggested that the disparities in the
perception of information overload may gradually emerge as
the pandemic unfolds. Also, our study included representative
samples in the 6 jurisdictions in East and Southeast Asia, which
reduced sampling bias and increased the generalizability of the
findings to the target population. Future studies may further
examine whether the current results are consistent across
different contexts and stages of the pandemic.

In addition, respondents with vulnerable family members were
more sensitive to the threats from COVID-19 and, accordingly,
were more attentive to relevant information. Our results support
that argument by revealing that respondents with vulnerable
significant others at home (eg, pregnant women, young children,
or people over 65 years old) were more likely to feel
overwhelmed by COVID-19 information. However, inconsistent
with previous studies showing that people who perceived
themselves to have less-than-excellent health were more
susceptible to information overload [77], our results indicated
an insignificant relationship between chronic illness records
and perceived information overload about COVID-19. More
studies are needed to explore the association between
pre-existing health conditions and perceived information
overload during the COVID-19 pandemic.

As for the effect of information-seeking behavior on perceived
information overload (second research question), we found that
the use of traditional media (eg, newspaper, television) for
seeking COVID-19 information was positively associated with
perceived information overload. In contrast, the effect of getting
COVID-19 information from online news outlets was not
significant. Given that the internet and online media contribute
to the over-proliferation of health information available to the
lay public [51], such results seem unreasonable. A possible
explanation is that, while offline seekers have little or no control
over what is aired but receive information passively, online
information seekers can adjust the search terms anytime to suit
their search needs, thereby getting tailored information.
Compared with traditional media, internet media are active
channels that require greater cognitive effort and are often used
by highly motivated and engaged individuals [78]. Moreover,
online users can easily search other websites for clarification
or fact-checking whenever they find the information received
from a single online source is unreliable [17]. Thus, the
motivation to authenticate earlier information obtained may
prohibit online seekers from being overwhelmed with the
information received. Future studies should take the route of
information acquisition (eg, active search vs passive exposure)
into account.

Our results underscore the critical role of trust in information
sources in crisis management. Interestingly, the perceived
reliability of COVID-19 information from various media
channels exerted differential effects on perceived information
overload in our study. Perceived trustworthiness of COVID-19
information from television was negatively associated with
perceived information overload. It was consistent with prior
research that higher trust in information sources predicted less
distress by information and benefited crisis management [79].
However, respondents were more likely to experience
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information overload when they perceived COVID-19
information from online media (ie, online news outlets, social
media) as more trustworthy. It may be because misinformation,
disinformation, and rumors about COVID-19 were more
prevalent on online media than other forms of media [44], which
may engender greater confusion and require more cognitive
effort to process such inaccurate and inconsistent information
for those who believe in the information. As mentioned earlier,
the frequency of seeking COVID-19 information online was
not associated with perceived information overload. Thus, the
level of perceived information overload seems more attributable
to the perceived credibility of information on the internet rather
than the online information-seeking behavior.

As for the third research question about the psychological and
behavioral consequences of information overload, we found
that an overabundance of COVID-19 information can harm
mental well-being by increasing the likelihood of experiencing
posttraumatic stress disorder. Such a finding was consistent
with previous studies about the negative psychological impact
of information overload [17]. During an unprecedented global
pandemic like COVID-19, people are understandably attentive
to health information and, by doing so, try to reduce the negative
affect caused by the previously unknown and unpredictable
disease. However, when information flow exceeds one’s
capacity to process, the perceived information overload may
cause a detrimental effect on psychological well-being.
Moreover, deteriorated mental health caused by information
overload may lead to information avoidance when people
deliberately avoid seeking health information to lessen the
cognitive burden and negative affect [76]. Information avoidance
is detrimental for public health because the acquisition of health
information helps individuals make informed medical decisions
and engage in preventive behaviors [80]. Given the unintended
consequences of information overload, our study highlighted
the importance of keeping a balance between information
transparency and information overload.

However, our results did not show a significant effect of
perceived information overload on protective behaviors during
the COVID-19 pandemic, which was consistent with a study
conducted during the COVID-19 pandemic in Korea [25].
Despite no direct effect, information overload may indirectly
reduce compliance via increasing heuristic processing and
decreasing systematic processing [25]. Compared with
systematic processing of information, judgments based on
heuristic processing tend to be less stable and weakly tied to
subsequent behaviors [81], which may discourage one’s
willingness to adopt protective measures. When the risk
perception of COVID-19 decreases and the anxiety associated
with this pandemic fade over time, the detrimental effect of
perceived information overload on protective behaviors may
emerge. Future studies are warranted to investigate the
behavioral consequences of information overload in different
time frames.

The fourth research question focused on who was more
vulnerable to the psychological and behavioral consequences
of information overload. Since there was no significant effect
of perceived information overload on protective behaviors, we
did not further examine whether such an effect may be different

across various sociodemographic characteristics. As for
psychological distress, we found that women and people with
a higher SES were more vulnerable to the adverse effects of
perceived information overload on psychological well-being.
Female respondents were more likely to experience
psychological distress when exposed to information overload,
possibly because women are more likely than men to perceive
the pandemic as a severe health problem and to agree and
comply with restraining measures [53]. Besides, we speculated
that people with a higher SES might be less psychologically
resilient in the face of the COVID-19 pandemic and thus
perceived more significant information overload. Previous
studies have suggested that people with a higher SES were more
concerned and worried about the pandemic [82] and may have
been experiencing a more drastic relative change in their
lifestyles, leading to a sharper decline in their psychological
well-being.

Meanwhile, individuals with a lower SES tend to experience
more everyday stressors even when there is no global pandemic.
Thus, they may not undergo a significant change in their
subjective well-being when reading pessimistic news about
COVID-19. Besides, people with higher education care more
about the quality of information and may feel frustrated if they
cannot find trustworthy sources during the pandemic. Given
the ambiguous information and inconsistent guidance about
COVID-19, especially during the early stage of the outbreak,
it is hard to identify valuable and reliable information even for
people with a higher SES who are believed to have more access
to health information and a higher ability to process such
information.

Since information overload can harm mental well-being and
potentially reduce compliance during the pandemic, it is urgent
to manage the overload of information that exceeds people’s
cognitive ability to process. From the information provider side,
government and media should disseminate evidence-based and
transparent information swiftly and widely among the public.
Social media technology companies must constantly review
content shared on their platforms and closely verify the
reliability of information related to the pandemic. Since there
are stratified mechanisms and consequences of information
overload as shown in this study, information policies and
management should be accordingly “stratified” as well. It is
essential to develop efficient health communication strategies
targeting people with different sociodemographic characteristics.
Certain subgroups may be more frustrated with the uncertainty
caused by the pandemic and eagerly look for sources to fill their
information needs. It is necessary to formulate different
information dissemination strategies in terms of information
content and channels for different groups. It is also essential to
establish interventions to help people vulnerable to information
overload to cope with information anxiety and mental health
concerns.

On the receiver side, individuals should carry out an
“information diet” by controlling the extent and type of
information they consume. Researchers have suggested that
people visit authentic and official websites for COVID-19
information and try to verify suspicious news on one of the
many fact-checking websites dedicated to debunking myths
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[8,83]. For example, the World Health Organization’s (WHO)
risk communication team launched a new information platform
known as the WHO Information Network for Epidemics, which
actively reports details related to COVID-19. A team of WHO
“myth busters” works with search and media companies like
Facebook, Google, Pinterest, Tencent, Twitter, TikTok,
YouTube, and others to counter the spread of rumors. Also,
enhancing information literacy skills, particularly health literacy
skills, can facilitate the critical evaluation of health information
and help people make appropriate health-related decisions. It
is argued that information and health literacy is vital to reducing
information overload and its consequences [84,85]. Thus,
extensive training and guidelines for improving information
and health literacy should be promoted to the public, particularly
regarding crisis management.

Limitations
Despite the significant findings, this study is not without
limitations. First, the data were obtained from a cross-sectional
survey, and it is hard to ascertain the causal relationship between
variables. For example, our results showed a negative effect of
perceived information overload on psychological well-being.
However, trait anxiety was significantly associated with higher
levels of perceived information overload [24]. Thus, longitudinal
studies are needed to ascertain the psychological consequences
of information overload. Second, only one item was used to
measure perceived information overload, which presents a
significant limitation of this study. We recognized that
information overload is a multidimensional construct and a
single proxy item limits our ability to make clear-cut

generalizations from our findings. Future studies may adopt
validated scales regarding COVID-19 information overload (eg,
Corona Information Overload Scale [65]). Third, this study has
limited information on knowledge and attitudes related to
COVID-19, though we have adjusted for perceived susceptibility
and perceived severity of COVID-19 in the analysis. Future
studies may further examine how knowledge and attitudes may
be associated with information overload.

Conclusion
Perceptions of information overload are prevalent during the
COVID-19 pandemic and have caused significant psychological
and behavioral consequences. This study is among the first to
examine how the antecedents and consequences of perceived
information overload vary between different sociodemographic
groups among the Asian population. A cross-sectional survey
with representative data of 10,063 residents in 6 jurisdictions
in Asia was conducted in May 2020. Regression results
confirmed a positive relationship between perceived information
overload and psychological distress. Also, people with a higher
SES were more exposed to information overload about
COVID-19 and suffered more psychological distress because
of perceived information overload. Our findings suggested that
the provision of trustworthy information and reduction of the
perceived information overload can significantly ameliorate
psychological distress during the pandemic. Effective policies
and interventions should be promoted to target higher-SES
populations who are more susceptible to the occurrence and
adverse psychological influence of perceived information
overload.
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Abstract

Background: A low test positivity rate is key to keeping the COVID-19 pandemic under control. Throughout the pandemic,
several migrant groups in Norway have seen higher rates of confirmed COVID-19 and related hospitalizations, while test positivity
has remained high in the same groups. The Norwegian government has used several platforms for communication, and targeted
social media advertisements have in particular been an important part of the communication strategy to reach these groups.

Objective: In this study, we aimed to investigate whether such a targeted Facebook campaign increased the rate of COVID-19
tests performed in certain migrant groups.

Methods: We randomly assigned 386 Norwegian municipalities and city districts to intervention or control groups. Individuals
born in Eritrea, Iraq, Pakistan, Poland, Russia, Somalia, Syria, and Turkey residing in intervention areas were targeted with a
social media campaign aiming at increasing the COVID-19 test rate. The campaign message was in a simple language and
conveyed in the users’ main language or in English.

Results: During the 2-week follow-up period, the predicted probability of having a COVID-19 test taken was 4.82% (95% CI
4.47%-5.18%) in the control group, and 5.58% (95% CI 5.20%-5.99%) in the intervention group (P=.004).

Conclusions: Our targeted social media intervention led to a modest increase in test rates among certain migrant groups in
Norway.

Trial Registration: ClinicalTrials.gov NCT04866589; https://clinicaltrials.gov/ct2/show/NCT04866589

(J Med Internet Res 2022;24(3):e34544)   doi:10.2196/34544

KEYWORDS

COVID-19; SARS-CoV-2; social media; campaign; cluster randomized trial; nonpharmaceutical interventions; migrant; intervention;
testing; strategy; public health; Facebook; communication

Introduction

Several migrant groups have been disproportionally affected
by COVID-19 in Norway [1,2]. These groups are also
considered difficult to reach through traditional communication

platforms [3,4]. Adapting, translating, and targeting
communication to ensure equal access to information regardless
of health literacy and language skills, is an important part of
crisis communication. Consequently, Norwegian health
authorities have used a wide range of platforms to communicate
with these groups during the pandemic: public COVID-19
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websites, traditional media outlets such as television, radio,
boards and printed advertisements, as well as content marketing,
contextual digital ads, targeted cell phone messaging,
influencers, and a wide array of social media such as Twitter,
Instagram, Snapchat, TikTok, YouTube, and Facebook. Certain
migrant groups have seen particularly high COVID-19
prevalence and low test rates [5], and social media campaigns
can be crucial to reach these groups. Although such campaigns
have been monitored in house in terms of outreach and reactions
on the social media platform, their effects on behavioral change
have not been assessed.

Testing is key to detecting cases and limiting outbreaks. In this
study, we aimed at assessing whether a targeted social media
advertising campaign encouraging selected migrant groups to
get tested affected testing behavior (ClinicalTrials.gov
NCT04866589; protocol is provided in Multimedia Appendices
1 and 2). The intervention described in this paper was an
extension of the “Get tested” campaign, which had been
launched after the Norwegian Institute of Public Health (NIPH)
published findings that indicated higher rates of undetected
cases among certain migrant groups compared to the general
population; that is, lower test rates, higher test positivity rates,
and higher rates of hospitalization [1]. The “Get tested”
campaign was a part of a larger effort directed at the migrant
population, which included drop-in testing stations [6] and
dialogue meetings with migrant groups.

The campaign was launched by the end of May 2021, when the
COVID-19 incidence rate in Norway was decreasing, but the
test positivity rate—that is, the share of all tests that are
positive—remained high in many migrant groups [5].
Furthermore, there were indications of confusion concerning
when to test and whether testing was free. In order to assess the
campaign’s effect on the rates of testing, we ran a cluster
randomized trial with users of Facebook. According to numbers
from the Ipsos SoMe-tracker, 82% of the Norwegian population,
aged ≥18 years, have a profile, and 69% of them are daily users
on this social media platform [7]. The campaign targeted users
residing in Norway, who were born in Eritrea, Iraq, Pakistan,
Poland, Russia, Somalia, Syria, and Turkey. The groups were
chosen because of their previous high test positivity levels. This
study aimed to establish whether the targeted Facebook
campaign increased the rate of testing in the selected migrant
groups.

Methods

Trial Design
The trial was designed as a parallel group, 2-arm, superiority
cluster randomized trial. The clusters—that is, municipalities
and city districts—were allocated either to the intervention

group or to the control group, where the intervention group
received the campaign message and the control group did not
receive the campaign message. All municipalities or city districts
with at least one person in the target group were included in the
study. Randomization was carried out at the cluster level as it
was not technically possible to target the campaign to individual
persons. The clusters were split evenly between treatments
through block randomization with block size two. Before block
randomization took place, the list of municipalities and city
districts were sorted in accordance with the total number of
migrants residing in each area. Partial concealment was ensured
as team member 1 created and sorted the list, while team number
2 created a list of pairwise random orders of pairs of A and B,
using randomization software [8]. Team number 3 combined
these two lists.

Intervention
Norwegian health authorities have, since the onset of the
pandemic, carried out campaigns on social media directed
toward the migrant population, using language-based and
geographic targeting segments. In December 2020 a “Get tested”
campaign was launched, aiming to increase the test rate among
migrant populations. Prior to our trial, there were indications
of an increased disinterest toward the message, as measured by
reach and reactions, and the campaign was paused. To prevent
message fatigue [9,10], campaign messages were continuously
reviewed, performance measured and customized, and A/B
testing conducted—this involved testing different colors, visuals,
or creatives to determine which visual received more attention
and the time spent on the message. As the “Get tested” campaign
had been running for a while, there was by the end of May a
small concern that the public had become disengaged or blind
to the message; hence, it was decided to roll out new versions.
The new versions used short, direct messaging on an A/B-tested
colored background. The message remained the same.

We decided that the distribution of the new campaign would
be randomized by municipality or city district in order to
facilitate an effect evaluation. The content of the relaunched
campaign was a sponsored Facebook post from the Norwegian
Directorate of Health, distributed in Tigrinya, Polish, Urdu,
Somali, Russian, Kurmanji, English, Arabic, Turkish, and
Sorani, and focused on the importance of testing for COVID-19
and that testing is free of charge and easy to take. The English
message read the following: “COVID-19 tests are free, simple,
and completely safe. Get yourself tested to stop the spread of
the infection.” Facebook users were free to comment under the
post and to share it. Figure 1 shows a screenshot of the post in
Polish. Facebook was chosen as a platform in particular because
of the high number of Facebook users in Norway in general,
and because this platform allowed us to target the position of
users with high accuracy.
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Figure 1. Screenshot of the social media post in Polish.

The campaign was disseminated using targeted Facebook Ads
and was launched separately for each municipality or city district
and each language. Target groups on Facebook were created
by specifying the geographic position and language setting. It
was not possible to launch a Facebook campaign when fewer
than 100 users matched the targeting criteria. In cases where
not enough users matched the language setting, target groups
were formed on the basis of behavioral attributes such as “living
abroad,” and interest segments specific to the users’ native
country. Examples of the latter are as follows: “Syria national
football team,” “BBC Urdu,” and “Turkish Kurdistan.” At the
time of the trial, Somali and Tigrinya were not available as
languages on Facebook. Users who spoke these languages were
solely targeted on the basis of behavioral attributes. Lastly, the
English campaign was disseminated on the basis of the attribute
“living abroad” and the English user language setting.

The campaign was live for a 7-14–day period. The variation in
timing was due to the time needed to roll out all the campaigns.
Of the 117,436 participants in the intervention group, 52,565
lived in areas where it was possible to target the campaign in
accordance with Facebook’s language settings, 58,336 lived in
areas where it was only possible to target the campaign on the
basis of behavioral attributes or interests, and 4700 lived in
areas where it was not possible to launch the campaign, neither
based on the participants’ background or language. We cannot
know for certain to what extent the intervention group, living

in areas where the campaign was rolled out in their language,
was actually exposed to the intervention.

Participants
The sample included 233,903 persons with a Norwegian national
identity number, who are registered as a resident of a Norwegian
municipality or city district (in Oslo, Bergen, and Trondheim),
aged 18 years or older at the time of assignment, and registered
are as having been born in Eritrea, Iraq, Pakistan, Poland,
Russia, Somalia, Syria, or Turkey.

Data Source and Outcomes
We used registry data from the emergency preparedness register
for COVID-19 (Beredt C19), which was established by the
NIPH in April 2020 [11]. The register contains data on all
individuals in the Norwegian Population Register. Individuals
were linked across data sources and over time, using an
encrypted version of the unique personal identification number
provided for every resident of Norway at birth or upon first
immigration. In this study, we used individual data from the
Norwegian Surveillance System for Communicable Diseases
(MSIS) and the National Population Register. MSIS contains
data on all polymerase chain reaction (PCR) and rapid tests
taken in Norway at official test stations.

Data were also obtained from Facebook on whether it was
possible to roll out the campaign, and on the reach, exposure,
and frequency of the campaigns that were run in each cluster.
These data were anonymized and used only in descriptive
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analyses, as data from Facebook cannot be linked directly to
data on testing.

Data were aggregated into two time periods: baseline data
included data collected 14 days to 1 day before the campaign
commenced. Outcome data were measured from day 1 to day
14 and from day 1 to day 21 after the campaign started. Day
zero was excluded from the analysis. The exclusion of day zero
was prespecified in the protocol, and the rationale was that it
was unlikely that the effects of the campaign could be observed
on the first day.

The outcome was a dichotomous variable, measured at the
individual level, indicating whether a person had taken a PCR
or antigen test for SARS-CoV-2.

Time invariant covariates included country of birth, sex, and
age. These variables were obtained from the National Population
Register.

Statistical Analysis
The coefficient of interest was β1 in regression analysis:

yj[i]1 = αj[i] + β1Treatedi + β2yi0 + Xiβ3 + εj[i]t,

where yj[i]1 indicates whether the individual i in municipality
or city district j has taken a COVID-19 PCR or rapid antigen
test during the 2 weeks the campaign lasted. yi0 is the baseline
value indicating whether the individual i has taken a COVID-19
test in the 2 weeks prior to campaign commencement. We adjust
for the baseline value as is customary in randomized controlled
trials (RCTs) [12,13]. Xi is a vector of control variables.

As the outcome is binary, measured at the individual level, and
the treatment was assigned at the cluster level, j, multilevel
logistic regression analysis was performed to account for
intraclass correlation.

The main specification does not take into account that it was
not possible to administer the intervention in every municipality
or city district assigned to the intervention group. As such, the
results represent an “intention to treat” estimate.

Sample Size Estimation
The sample size relied on the number of persons aged 18 years
and older, born in Eritrea, Pakistan, Poland, Russia, Somalia,
Syria, or Turkey, and residing in Norway. The number of
languages and countries was determined by the availability of
campaign material in the different languages, the distribution
of these groups across Norway, and the size of the groups. The
language groups were also selected on the grounds of a higher
test positivity rate as opposed to the general population. Thus,
our sample consisted of all eligible individuals, not a selected
sample. Consequently, we performed no prior sample size
estimation.

Ethics and Privacy Issues
This study does not qualify as health research in the legal sense
and hence does not need formal ethics approval. Participant

consent was waived because this study was an evaluation of an
intervention, using anonymous registry data already collected.

Personal data protection was ensured through the rigorous set
up of the Beredt C19 where data on testing and country of birth
were linked to the encrypted version of the unique personal
identification number. Data from Facebook were collected and
aggregated by Mindshare, and could not be linked directly to
the registry data.

Results

The campaign was live from June 1 to June 14, 2021. In 119
out of 189 municipalities or city districts, the campaign was
rolled out on June 1, while in the remaining 70 municipalities,
the campaign was live from June 6, 2021. In total, the campaigns
reached more than 351,000 individual users. The users were
likely exposed to the same campaign several times but in a
different language, which was expected, as there were multiple
languages per target country. The number of individual users
far exceeds the 233,903 persons included in our target group,
which likely entails that it also reached other users; for example,
nonmigrant users, nonmigrants born to migrant parents, or
migrants not born in 1 of the 8 target countries.

Summary statistics on the sample that was randomized are
shown in Table 1 (Figure S1 in Multimedia Appendix 3 shows
their localization on the map). The different migrants were quite
evenly distributed between the intervention and control groups.
In total, 42.7% of individuals in the intervention group and
42.2% of those in the control group were female. The average
age was 41 years in the intervention group and 42 years in the
control group. The average cluster sizes were similar in the
intervention and control groups.

A striking difference between the groups is the preintervention
COVID-19 fortnightly incidence rate, indicating that the
randomization process did not yield a completely balanced
sample. The number of fortnightly cases was much higher in
the intervention group (123.6 cases per 100,000 population)
than in the control group (79.6 cases per 100,000 population).
This difference is likely to have influenced postoutcome testing,
as the test-isolate-trace-quarantine strategy implies that a high
number of persons will be tested in conjunction with COVID-19
outbreaks. In Figure S2 in Multimedia Appendix 3, we show
that the higher number of cases is driven by a few observations,
notably outbreaks in Hammerfest and Larvik municipalities.
We therefore controlled for whether the individual had taken a
COVID-19 test during the baseline period, and conducted a
separate sensitivity analysis where we excluded the two pairs
of clusters with the biggest preintervention differences in
COVID-19 incidence.

Figure 2 shows the proportion tested daily in the intervention
and control groups. The proportion of individuals tested daily
in the intervention group was higher than that in the control
group on most days both before and after the intervention was
carried out.
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Table 1. Baseline demographic characteristics of participants and clusters by experimental arm (N=233,903).

Control group (n=116,467)Intervention group (n=117,436)Variable

Individual-level characteristics

Gender, n (%)

49,176 (42.2)50,194 (42.7)Female

67,291 (57.8)67,242 (57.3)Male

Country of birth, n (%)

9662 (8.3)9562 (8.1)Eritrea

10,256 (8.8)11,395 (9.7)Iraq

8387 (7.2)12,153 (10.3)Pakistan

49,247 (42.3)45,319 (38.6)Poland

9204 (7.9)8107 (6.9)Russia

12,192 (10.5)12,575 (10.7)Somalia

12,057 (10.4)11,425 (9.7)Syria

5462 (4.7)6900 (5.9)Turkey

40 (12)41 (12)Age, mean (SD)

Cluster-level characteristics

191191Clusters, n

614.8 (1186.8; 2-7804)609.8 (1154.5; 5-6931)Cluster size, mean (SD; range)

2,649,940 (13,874.0)2,858,940 (14,968.3)Population, n (mean)

123.679.6COVID-19 baseline fortnightly incidence (per
100.000)

Figure 2. The daily proportion of the participants tested in the control and in the intervention groups. Error bars represent 95% CIs.
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Table 2 and Table S2 in the Multimedia Appendix 4 display
the results of regression analysis. The odds ratio (OR) for the
intervention group was 1.17 (95% CI 1.05-1.30; P=.004); that
is, the campaign had a significant positive effect on the
likelihood of undergoing a COVID-19 test. Whether a person
had taken a COVID-19 test during the baseline period was a
strong predictor of whether that person would take a test during
the follow-up period (OR 5.34, 95% CI 5.12-5.56; P=.001).
Controlling for age and sex did not affect the effect estimate.

Figure 3 shows the predicted probability of undergoing a
COVID-19 test in the 14-day follow-up period—this was 4.82%
(95% CI 4.47%-5.18%) in the control group (areas without
exposure to the campaign) and 5.58% (95% CI 5.20%-5.99%)
in the intervention group (areas with exposure to the campaign).
The 0.76 percentage point difference between the control and
intervention groups converts to a 15.7% relative increase in test
rates attributed to the campaign.

Table S1 in the Multimedia Appendix 3 shows the effects of
the campaign when the follow-up period was 1-21 days after
the campaign commenced rather than 1-14 days considered for
our main analysis. The effect on testing remained significant
(OR 1.13, 95% CI 1.02-1.25; P=.02). The results are also robust
to the exclusion of the two pairs with the largest preintervention
(baseline) differences in COVID-19 incidence. When we
examined whether the effects differed in accordance with which
targeting criteria was used to segment target groups, the results
show that targeting based on the users’ language settings yielded
a larger effect (OR 1.29, 95% CI 1.16-1.44; P<.001) than that
based on behavioral attributes or interest (OR 1.11, 95% CI
1.00-1.24; P=.045). Not surprisingly, there was no significant
difference in testing rates between individuals in the control
group and those in areas where it was not possible to launch the
campaign (OR 0.99, 95% CI 0.83-1.18; P=.89).

Table 2. Results of regression analysis.

Tested (1-14 days)bTested (1-14 days)aPredictors

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

<.0010.04 (0.03-0.04)<.0010.04 (0.04-0.05)Intercept

.0041.17 (1.05-1.30).0041.17 (1.05-1.30)Intervention group

<.0015.24 (5.03-5.46)<.0015.34 (5.12-5.56)Tested precampaign

<.0011.25 (1.21-1.30)N/AN/AcFemale

Age (years)

<.0011.13 (1.06-1.21)N/AN/A25-39

.0031.12 (1.04-1.21)N/AN/A40-44

<.0011.18 (1.09-1.27)N/AN/A45-49

.0071.11 (1.03-1.19)N/AN/A50-59

.681.02 (0.93-1.11)N/AN/A60-70

<.0010.65(0.56-0.76)N/AN/A>70

aModel adjusted only for baseline value.
bModel adjusted for baseline value, gender, and age.
cN/A: not applicable.
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Figure 3. Predicted probabilities of conducting a COVID-19 test in the 14-day follow-up period. Error bars represent 95% CIs.

Discussion

Principal Findings
We conducted this trial to assess the effect of a targeted social
media campaign on the rates of testing among Norwegian
residents born in Eritrea, Iraq, Pakistan, Poland, Russia, Somalia,
Syria, or Turkey. We found a 15.7% relative increase in the
proportion taking a COVID-19 test among those who were
exposed to the campaign, or an absolute increase of 0.76
percentage points. A distinctive feature of this trial, that
strengthens the significance of our findings, was that we were
able to assess the effects on actual behavior and not only on
intentions or beliefs [14].

We found that targeting in accordance with the users’ language
setting yielded a larger effect than that based on behavioral
attributes or interest. The content and message remained the
same for both targeting approaches. A probable explanation is
that the targeting based on users’ language settings reached a
higher share of the participants than that based on behavioral
attributes or interests.

Comparison With Prior Work
We are aware of some trials with a similar objective, assessing
the effects of social media campaigns on COVID-19–related
preventive behavior, COVID-19 knowledge, and intent toward
COVID-19 prevention.

We identified 3 RCTs that test the effect of social media
campaigns on COVID-19 prevention knowledge. Alsan et al
[15] examined how messages read by physicians who varied in
age, gender, race, and ethnicity influenced knowledge, beliefs,
and practices related to COVID-19. Physician-delivered

messages increased knowledge of COVID-19 symptoms and
prevention methods for Black and Latinx respondents. The
results illustrate that tailoring the message to the targeted groups
may increase the effectiveness of the interventions. Similarly,
Vandormael et al [16] have conducted a web-based RCT to
investigate the effect of a short video on improving COVID-19
prevention knowledge and behavioral intent toward COVID-19
prevention. They concluded the following: “Short, wordless,
animated videos, distributed by health authorities via social
media, may be an effective pathway for rapid global health
communication during health crises” [16]. Lastly, the results
of Alatas et al [17] suggest that celebrity endorsement in a social
media campaign in Indonesia influenced beliefs about
vaccination and knowledge of immunization.

Only Breza et al [18] investigated how social media
advertisements affect actual COVID-19 preventive behavior.
They showed that short messages recorded by health
professionals before the winter holidays in the United States
and sent as advertisements to social media users led to
reductions in travel (–0.993 percentage points in high-intensity
counties, P=.002) and a decrease in COVID-19 infection at the
zip code level in the 2-week period starting 5 days post holiday
(3.5%, P=.01) [18].

Our results are aligned with those of the aforementioned studies.
We demonstrated that targeted advertisements on social media
with short, simplified messages can be a valuable tool in the
authorities’ toolbox in times of a pandemic. Targeted
advertisements can reach audiences that are not easily reached
by traditional modes of communication. Furthermore, conveying
the message in the mother tongue of the audience can increase
trust in the message, although we did not test this specifically.
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The effect size was small, which was not unexpected,
considering that the COVID-19 prevalence was quite low in
the weeks before campaign onset, and that the intervention was
a part of a longer ongoing campaign. Norway saw a large
increase in test rates among migrants toward the end of 2020
and in early 2021, after the “Get tested” campaign was launched
and amid media attention on the high incidence of COVID-19
among migrant groups [19]. It is therefore likely that toward
the end of 2021, the target groups were experiencing a certain
advertisement fatigue, and that the main message of the
campaign was well known both in the control group and the
intervention group.

Limitations
There are some limitations associated with the findings of this
study. First, the design of the trial limited the scope and content
of the campaign, and the likely external validity. Because we
needed to roll out separate campaigns in all areas, it was too
arduous to also put out videos or other types of campaign
material. In a real-life setting, it would not be necessary to limit
users to a very specific geographic unit, the costs of
administrating the campaign would be lower, and there would
be room for other modes of communication.

Another limitation was that it was not possible to identify the
exact effect of actually seeing the posts on testing behavior, as
data on reach could not be directly linked with registry data on
testing. We know that 82% of the population aged 18 years or

older has a Facebook profile [7], but this is only one of many
social media platforms. Nevertheless, the total number of users
speaking different languages, who were reached, suggests that
a large share of the target group was exposed to the campaign.

A related limitation is that the campaign may have had spillover
effects on the control group; for example, persons in the
intervention group may have shared the post to their Facebook
friends and followers. Such organic reach could not be
measured, nor was it avoidable. Similarly, the message could
have spread from the intervention group to the control group
by word of mouth. Spillover effects may have led to an
underestimation of the true effect.

Future research could look into effects of communication
campaigns on other types of COVID-19 preventive behavior.
We also suggest that future campaigns consider using the
emergency broadcast capability inherent in cell phone services
to deliver targeted advertisements.

Conclusions
Seeing a native-language post on Facebook, in a clear language
easily understood manner regardless of health literacy,
explaining that testing is simple and can be taken at no cost
rendered our target group more likely to take a COVID-19 test.
This study demonstrated that targeted social media
advertisements sponsored by health authorities can influence
individual behavior in an infection control–friendly direction
during a pandemic.
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Abstract

Background: The development and approval of COVID-19 vaccines have generated optimism for the end of the COVID-19
pandemic and a return to normalcy. However, vaccine hesitancy, often fueled by misinformation, poses a major barrier to achieving
herd immunity.

Objective: We aim to investigate Twitter users’ attitudes toward COVID-19 vaccination in Canada after vaccine rollout.

Methods: We applied a weakly supervised aspect-based sentiment analysis (ABSA) technique, which involves the
human-in-the-loop system, on COVID-19 vaccination–related tweets in Canada. Automatically generated aspect and opinion
terms were manually corrected by public health experts to ensure the accuracy of the terms and make them more domain-specific.
Then, based on these manually corrected terms, the system inferred sentiments toward the aspects. We observed sentiments
toward key aspects related to COVID-19 vaccination, and investigated how sentiments toward “vaccination” changed over time.
In addition, we analyzed the most retweeted or liked tweets by observing most frequent nouns and sentiments toward key aspects.

Results: After applying the ABSA system, we obtained 170 aspect terms (eg, “immunity” and “pfizer”) and 6775 opinion terms
(eg, “trustworthy” for the positive sentiment and “jeopardize” for the negative sentiment). While manually verifying or editing
these terms, our public health experts selected 20 key aspects related to COVID-19 vaccination for analysis. The sentiment
analysis results for the 20 key aspects revealed negative sentiments related to “vaccine distribution,” “side effects,” “allergy,”
“reactions,” and “anti-vaxxer,” and positive sentiments related to “vaccine campaign,” “vaccine candidates,” and “immune
response.” These results indicate that the Twitter users express concerns about the safety of vaccines but still consider vaccines
as the option to end the pandemic. In addition, compared to the sentiment of the remaining tweets, the most retweeted or liked
tweets showed more positive sentiment overall toward key aspects (P<.001), especially vaccines (P<.001) and vaccination
(P=.009). Further investigation of the most retweeted or liked tweets revealed two opposing trends in Twitter users who showed
negative sentiments toward vaccines: the “anti-vaxxer” population that used negative sentiments as a means to discourage
vaccination and the “Covid Zero” population that used negative sentiments to encourage vaccinations while critiquing the public
health response.

Conclusions: Our study examined public sentiments toward COVID-19 vaccination on tweets over an extended period in
Canada. Our findings could inform public health agencies to design and implement interventions to promote vaccination.

(J Med Internet Res 2022;24(3):e35016)   doi:10.2196/35016
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Introduction

The development and approval of COVID-19 vaccines have
generated optimism for the end of the COVID-19 pandemic
and a return to normalcy. Current data from clinical trials and
real-world studies show that these vaccines have high efficacy
and effectiveness in preventing infection and severe disease
[1-3]. Since the start of vaccination in Canada and many
countries with high vaccine coverage, deaths among vaccinated
groups have plummeted, and most new infections and
hospitalizations are occurring among unvaccinated individuals,
although recently more breakthrough infections have been
reported with the Omicron variant. However, the overall impact
on reduction in transmission, morbidity, mortality, as well as
the easing of restrictions will depend on vaccine coverage and
uptake. Vaccine acceptance and uptake remains one of the most
important public health concerns in many countries. Vaccine
hesitancy—often fueled by misinformation surrounding the
importance, safety, or effectiveness of the vaccine—poses a
major barrier to achieving herd immunity [4]. The failure to
eradicate other infectious diseases including polio, for instance,
has been blamed on conspiracy theories that fueled vaccine
hesitancy [5]. The same concern is now threatening the
successful implementation of mass COVID-19 vaccination
campaigns. A systematic review of 126 surveys published before
November 2020 showed an increasing worldwide hesitancy
toward the COVID-19 vaccine [6].

In an era of misinformation and disinformation, identifying and
understanding vaccine hesitancy are key to containing the spread
of the virus and crucial to framing public health messaging [4].
In addition to individual views on the vaccine, negative
discourse and misinformation related to it on social media could
create doubt. Similar to infection, misinformation on social
media spreads within the social network (echo chambers) and
could affect acceptance among people. A recent study noted a
decline in vaccine acceptance from exposure to misinformation
on social media [7]. In addition to broader vaccine hesitancy,
vaccine hesitancy in local areas or networks could also increase
the risk of transmission within the community even if the
broader population is immune. Tackling misinformation about
the vaccine on social media will be critical to achieving herd
immunity and a path out of the pandemic.

Various studies have investigated people’s attitudes toward
COVID-19 vaccination and addressed vaccine misinformation
in social media. Puri et al [8] discussed digital health strategies
to handle vaccine misinformation on social media such as

framing messages and leveraging celebrities. Chou and Budenz
[9] reported that people’s reactions to the COVID-19 vaccines
are emotionally charged, and emphasized the role of emotion
in vaccine communication efforts to address vaccine hesitancy.
Thelwall et al [10] manually categorized 446 COVID-19
vaccine–hesitant tweets in English (March 10 to December 5,
2020) into 14 classes on the basis of what types of vaccine
hesitancy information are shared. Some of these classes were
efficacy, safety, and conspiracy. Hussain et al [11] performed
sentiment analysis on Facebook and Twitter data to understand
public sentiments toward COVID-19 vaccines in the United
Kingdom and the United States. Guntuku et al [12] reported
geographical and temporal variation in concerns about
COVID-19 vaccines in the United States by using topic
modeling. Kwok et al [13] analyzed tweets from Australian
users by using topic modeling and sentiment analysis. Griffith
et al [14] conducted content analysis on tweets from Canada,
posted between December 10 and December 23, 2020, and
identified reasons underlying vaccine hesitancy among Twitter
users in Canada. Although prior research investigated public
attitudes toward COVID-19 vaccination, to our knowledge,
there has not been much research examining public sentiments
toward COVID-19 vaccination over an extended period
following the start of vaccine rollout. In addition, no prior work
has investigated the most influential tweets.

In this paper, we investigate Twitter users’ attitudes toward
COVID-19 vaccination in Canada from December 2020 to May
2021. More specifically, we examined sentiments toward certain
aspects related to COVID-19 vaccination, which were chosen
by our public health domain experts, and show how those
sentiments change over time. In addition, we observe what the
most retweeted or liked tweets discuss and how their sentiments
are. For these analyses, we use weakly supervised aspect-based
sentiment analysis (ABSA) [15], a natural language processing
technique that allows identifying sentiments for aspects. Our
findings could inform the design and implementation of public
health interventions to promote vaccination, toward the goal of
ending the pandemic.

Methods

Methods Overview
The overview of our process is displayed in Figure 1. We first
selected COVID-19 vaccination–related tweets and then
preprocessed them. Then, based on these tweets, we performed
weakly supervised ABSA.
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Figure 1. Study overview.

Data and Preprocessing
We used a public Twitter data set about the COVID-19
pandemic, which was curated by Chen et al [16], using
numerous COVID-19–related case-insensitive keywords such
as “coronavirus,” “COVID-19,” and “pandemic.” Data collection
started on January 28, 2020 (tweets from January 21, 2020),
and is still ongoing. For the analysis in this paper, we collected
tweets from December 2020 to May 2021, which spans from
the beginning of vaccine rollout in Canada to the present.

From the data set, we extracted tweets originating in Canada
and written in English by using tweet metadata and the
spacy-langdetect toolkit (version 0.1.2) [17]. In addition, to
focus on COVID-19 vaccination, we selected vaccine-related
tweets using keywords (eg, “vaccine,” “vaccination,”
“immunity,” “immune,” “rollout,” “mrna,” and “side effect”)
defined by our domain experts. Our experts selected these
keywords on the basis of public questions they received at the
British Columbia Centre for Disease Control, which is
responsible for vaccine programs and vaccine promotion. The
original COVID-19 data set collected by Chen et al [16] contains
678,456,379 tweets for December 2020 to May 2021. Among
them, the number of English tweets in Canada was 193,071. Of
these, the number of the tweets that contain our search keywords
was 21,821. As a result, 21,821 tweets were used for analysis.
Among these, 10,202 tweets were original tweets, 6664 tweets
were retweets or quoted tweets, 4955 tweets were replies to
other tweets, and 112 tweets were both replies and quoted
tweets. Of note, a quoted tweet is a type of retweet that contains
an additional comment of the user. To remove tweet-specific
keywords and URLs, we used the tweet-preprocessor toolkit
(version 0.5.0) [18]. We did not remove hashtags and mentions
because they are often part of a sentence, and could be
informative for our work.

ABSA
We used ABSApp [19], a weakly supervised ABSA
human-in-the-loop system, which enables public health domain
experts to modify aspect and opinion terms that were
automatically extracted from the corpus by the system. More

specifically, ABSApp automatically extracts both aspect and
opinion terms from the data set without any manual labeling as
the initial step and then allows humans to revise these terms.
Then, based on these terms, the system automatically infers
sentiment appearing in the data toward the aspect terms (Figure
1). In comparison to this weakly supervised ABSA system, a
supervised method uses human labeled data and an unsupervised
method does not use human efforts at all.

The aspect terms represent aspects we want to compute
sentiment for, such as “pfizer” or “side effects.” The opinion
terms are those that can be used for inference of sentiment; for
example, “sore” for a negative sentiment and “immune” for a
positive sentiment. The aspect and opinion terms can be
domain-specific; hence, it is important to allow domain experts
to edit them rather than just using automatically extracted
general terms. These modified aspect and opinion terms were
used for inference of sentiments for aspects.

To extract aspect and opinion terms in an unsupervised way
using the ABSApp system first, we used 9239 tweets from
December 2020 to February 2021. We used only the subset of
the data for computational efficiency. The original study by
Pereg et al [19] extracted terms from 75% of 2 data sets that
consist of 5841 and 3614 sentences, respectively, which were
much smaller than our data used for term extraction. Previous
work [20] showed experimental results suggesting that
increasing amounts of data beyond a certain point are unlikely
to significantly increase the number of aspect terms when using
ABSApp. In addition, opinion terms are not expected to differ
much between February 2021 and May 2021 as they are the
terms that indicate the sentiment of the tweets. The system
automatically extracted 108 aspect terms and 6793 opinion
terms.

Automatically extracted terms were manually reviewed and
edited by 2 public health experts. Each expert reviewed and
edited the whole list of aspect terms and opinion terms
separately. The discrepancies in edits were addressed differently
for the aspect terms and the opinion terms. For the aspect terms,
we did not discard differences and selected all terms including
discrepancies because an aspect term could be meaningful if at
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least one expert found it useful. For the opinion terms, we
excluded the terms that did not agree because those opinion
terms would not be a strong indicator of a sentiment if the
experts did not agree. This manual edition process resulted in
170 aspect terms and 6775 opinion terms, and they were used
for the sentiment inference step. Among the aspect terms, our
experts selected 20 key aspects more relevant to COVID-19
vaccination, for which we report results in this paper.

In addition, we investigated most liked or retweeted tweets to
determine what they discuss and which sentiment they convey.
We first identified original tweets that were not retweets, quoted
tweets, or replies to other tweets. Tweet metadata such as
retweeted_status, is_quote_status, and in_reply_to_status_id
were used. Then, we sorted the original tweets by their
retweet_count and favorite_count (Twitter changed the
“favorite” button to a “like” button; hence, hereinafter, we have
used these two terms interchangeably). To observe the discourse
in the top-ranked original tweets, we computed the frequency

of nouns appearing in the tweets. For this computation, we first
tokenized preprocessed tweets that did not contain tweet-specific
keywords, URLs, and hashtags, and tagged part-of-speech. For
both tokenization and part-of-speech tagging, the spacy toolkit
(version 2.1.8) [21] was used. Scripts for preprocessing and
analysis are available on the internet [22].

Results

Figure 2 shows the most frequently appearing aspect terms that
were automatically extracted by the system. “vaccines” and
“covid” were the most common aspects, probably because they
were used for filtering out non–vaccine-related tweets during
the data collection. The other words describe the discussion in
this data set. People discussed aspects such as “hope,” “people,”
“friends,” “world,” “deaths,” and “delay” together with
COVID-19 vaccines. The less meaningful aspects (eg, “ones”)
are included as these aspects were automatically extracted
without any manual intervention.

Figure 2. Most frequently appearing aspects in the data, extracted automatically by the system.

The sentiment outcomes of the aspects most relevant to
COVID-19 vaccines, which were selected by public health
experts, are shown in Figure 3. Overall, the sentiment toward
“vaccines,” “vaccination,” and specific vaccine brands such as
“pfizer” and “moderna” show similar levels of positive and
negative sentiments. A more negative sentiment was observed
with “vaccine distribution,” “side effects,” “allergy,”
“reactions,” and “anti-vaxxer.” A more positive sentiment was
observed toward “vaccination campaign,” “vaccine candidates,”
and “immune response.”

Figure 4 shows the change in sentiment over time toward
“vaccination.” First, we observed that the discussion about
vaccination increased drastically in March and peaked in
mid-April. Thereafter, it decreased.

Tables 1 and 2 show the distribution of how many times the
original tweets were retweeted and liked by other users,

respectively. As expected, large number of tweets were not
retweeted or liked, while a small number of tweets had a large
number of retweets and likes.

Figure 5 displays nouns that appeared in more than 5 tweets
among the 100 most retweeted original tweets. These tweets
were the same as the 100 most liked original tweets. In addition,
Table 3 lists top 3 most liked and retweeted tweets. These data
show that the most influential tweets were related to vaccine
rollout, distribution, or administration and people’s hope and
wish to end the pandemic situation.

Figure 6 shows the sentiment of 500 most liked tweets toward
the key aspects selected by our public health experts. Compared
to the sentiment of all the remaining tweets, these tweets show
a significantly more positive sentiment overall about the key
aspects (P<.001), especially vaccines (P<.001) and vaccination
(P=.009), as revealed through chi-square analysis.
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Figure 3. Results of aspect-based sentiment analysis. x-axis: selected aspects, y-axis (left): number of positive occurrences and number of negative
occurrences in log scale; secondary y-axis (right): percentage of positive occurrences.

Figure 4. Sentiment changes over time for COVID-19 vaccination. Primary y-axis (left): number of total occurrences; secondary y-axis (right):
percentage of positive occurrences.
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Table 1. Frequency distribution of original tweets being retweeted.

Frequency (number of tweets)Number of times a tweet is retweeted

70330

30401-50

5051-100

46101-200

33201-2169

Table 2. Frequency distribution of original tweets being liked.

Frequency (number of tweets)Number of times a tweet is liked

48040

48631-50

23851-100

126101-200

79201-400

52401-800

40801-7304

Figure 5. Terms that occur in more than 5 documents among the 100 most retweeted original tweets.
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Table 3. Top 3 most liked original tweets (identifying information was removed).

Followers of the author,
n

Retweets, nLikes, nTweets

256,48421694306Do you know why they haven’t lifted the pandemic “emergency” yet? The first sentence on
this pfizer website has an answer: none of the vaccines have been approved. They are only
authorized for use in an “emergency”. No emergency, no experimental vaccines.

20,35213294169We have a hyperinfectious Covid variant circulating in the community, a vaccine shortage
and are just on the verge of restoring contact tracing. If we pursue a #COVIDzero strategy
we can be out of this by March. If we don’t we can forfeit our sacrifices & see a huge 3rd
wave.

23,92310612926Vaccines sitting in freezers in Ontario: 985,132

Total vaccines administered today: 59,567

please stop playing games with our lives. Implement #PaidSickDays, ramp up vaccine ad-
ministrations, and a real lockdown. Mockdown 3.0 isn’t cutting it.

Figure 6. Sentiment toward certain aspects observed in the 500 most influential (most liked) tweets (1: top 100 tweets, 2: 101st-200th, 3: 201st-300th,
4: 301st-400th, 5: 401st-500th, y-axis: number of tweets).

Discussion

Principal Findings
In this study, we examined sentiments expressed toward
COVID-19 vaccination on Twitter in Canada from December
2020 to May 2021. Major aspects included risk, hope, deaths,
and delay. Positive sentiments were expressed for “vaccination
campaign,” “vaccine candidates,” and “immune response,”
while negative sentiments were expressed for issues related
vaccine distribution, adverse effects (safety), and
antivaccination. As expected, there was a small number of tweets
that were retweeted multiple times. Within this group, we found
antivaccination tweets, which were retweeted multiple times to
a large number of people. Tackling misinformation spread by
this small number of posts could have a large impact on
countering vaccine misinformation.

The aspect “risk” in our most frequent aspects (Figure 2)
suggests that people who were concerned about the risk of
COVID-19 considered vaccination a solution. There were also
tweets about the risk of side effects of vaccination, but mostly

the conversations were centered around the risk of COVID-19
outweighing the risk of vaccination. This is aligned with prior
work, which revealed that the safety category was ranked in the
top 3 among 446 COVID-19 vaccine–hesitant tweets between
March 10 and December 5, 2020 [10]. Survey data on vaccine
acceptance also indicate an association between concerns about
vaccine safety and a low intention to receive a COVID-19
vaccine [23-25]. A similar finding was observed in the study
by Lyu et al [26], which showed that “trust” was the most
dominant emotion in tweets from March 11, 2020, to January
31, 2021. This highlights the need to address safety concerns
about vaccines to increase vaccine uptake. Other frequently
discussed aspects “delay” and “hope” in our data indicate that
people were worried about the delay in vaccine rollout in Canada
but still considered vaccines as the option to end the pandemic.
These aspects highlight frustration from twitter users in the
delayed vaccine supply in Canada compared to those in the
United States and in other countries.

Our results show that the largest segment of negative sentiment
was toward vaccine adverse effects including “allergy,” “side
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effects,” and “reactions” (Figure 3). This finding is similar to
prior work that showed that the largest public concern about
COVID-19 vaccines was safety. Eibensteiner et al [27] reported
that 41.7% of Twitter users (n=3439) around the world were
unsure about the safety of COVID-19 vaccines, in the polls
conducted for 1 week in mid-February 2021. In addition, in the
earlier analysis performed on manually coded tweets in Canada
on December 18 and 23, 2020, a total of 48.3% (292/605) of
tweets expressed concerns about the safety of vaccines [24,25].
These concerns are consistent with the public health focus as
well as media attention to side effects including thrombosis and
myocarditis (heart inflammation). This indicates the continued
challenge for public health agencies to address concerns about
vaccine safety and instill confidence about COVID-19 vaccines.

It is also interesting to note the lack of difference in sentiment
toward the vaccine developed by pfizer versus that developed
by AstraZeneca (Figure 3). This might suggest a more complex
understanding of vaccination by Twitter users despite media
attention toward people not wanting to be vaccinated with
AstraZeneca’s vaccine in March 2021 [28,29]. The high
attentiveness to dosing intervals after vaccination (Figure 3)
further emphasizes the challenges of knowledge translation and
science communication as evidence changes.

Our results (Figure 4) show that the discussion about vaccination
gradually increased after vaccine rollout on December 14, 2020,
and drastically decreased after mid-April 2021. This finding
aligns with the deceleration in the uptake of the first vaccine
dose [30,31]. This may indicate a shift of public attention away
from vaccination and the need to bring back a focus on
vaccination to enhance vaccine coverage.

The 500 most liked tweets showed more positive sentiments
overall toward the key aspects outlined in Figure 6, especially
toward vaccines and vaccination, compared to the sentiments
from the remaining tweets. On closer inspection, the most liked
or retweeted tweets (Table 3) showed an interesting dichotomy
in Twitter users who reported a negative sentiment toward
vaccines: the “anti-vaxxer” population that largely used negative
sentiment as a means to discourage vaccination, and the “Covid
Zero” population that also used negative sentiment, albeit to
encourage vaccination, while also critiquing the public health
response. This finding from the most influential tweets
highlights the need for public health agencies to have a

multipronged approach to health messaging related to vaccine
information and misinformation. In addition, given that the most
liked or retweeted tweets have a very large circle of influence
(eg, 256,484 followers), investigating these tweets is crucial to
identifying and tackling misinformation and even tracking
dissemination of positive information. For example, if such
tweets could be flagged for public health agencies through a
dashboard, the information or claim in them could be verified
or refuted in official channels.

Limitations
This study highlights important trends in Twitter conversations,
which may have crucial policy implications. However, the
following limitations need to be considered when interpreting
the results and when our pipeline is deployed in practice. First,
the tweets we used might not be representative of the general
population. Recently, it is reported that the largest age group in
Twitter users is 30-49 years (44%) [32]. Second, it should be
noted that specific cities might overrepresent Canada in our
study according to previous work by Gore et al [33]. However,
the Twitter data that meet our inclusion criteria are not sufficient
for a city-level analysis, especially given that we carry out our
analysis on the basis of aspects. The limitations we mention
here exist not only for our study but also for most previous
work, which used tweets for a certain period at a nationwide
level.

Second, although the ABSApp approach for ABSA leverages
manually edited domain-specific aspect and opinion terms to
improve the accuracy of sentiment analysis, it is still premature
to accurately capture the intricacy of human language, such as
figurative languages. Nevertheless, these limitations are not
particular to our study but rather inherent in all current
state-of-the-art sentiment analysis tools and techniques as well.

Conclusions
Social media presents a convenient opportunity to assess public
perception on a wide variety of issues, as part of the pandemic
response. This study examined public sentiments toward
COVID-19 vaccination on tweets over an extended period in
Canada. In addition, we also investigated the most influential
tweets. Our findings could inform public health agencies to
design and implement interventions to promote vaccination,
and approach the goal of ending the pandemic.
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Abstract

Background: The spread of false and misleading health information on social media can cause individual and social harm.
Research on debunking has shown that properly designed corrections can mitigate the impact of misinformation, but little is
known about the impact of correction in the context of prolonged social media debates. For example, when a social media user
takes to Facebook to make a false claim about a health-related practice and a health expert subsequently refutes the claim, the
conversation rarely ends there. Often, the social media user proceeds by rebuking the critic and doubling down on the claim.

Objective: The aim of this study was to examine the impact of such extended back and forth between false claims and debunking
attempts on observers’ dispositions toward behavior that science favors. We tested competing predictions about the effect of
extended exposure on people’s attitudes and intentions toward masking in public during the early days of the COVID-19 pandemic
and explored several psychological processes potentially underlying this effect.

Methods: A total of 500 US residents took part in an online experiment in October 2020. They reported on their attitudes and
intentions toward wearing masks in public. They were then randomly assigned to one of four social media exposure conditions
(misinformation only vs misinformation+correction vs misinformation+correction+rebuke vs
misinformation+correction+rebuke+second correction), and reported their attitudes and intentions for a second time. They also
indicated whether they would consider sharing the thread if they were to see it on social media and answered questions on potential
mediators and covariates.

Results: Exposure to misinformation had a negative impact on attitudes and intentions toward masking (β=–.35, 95% CI –.42
to –.29; P<.001). Moreover, initial debunking of a false claim generally improved attitudes and intentions toward masking (β=.35,
95% CI .16 to .54; P<.001). However, this improvement was washed out by further exposure to false claims and debunking
attempts (β=–.53, 95% CI –.72 to –.34; P<.001). The latter result is partially explained by a decrease in the perceived objectivity
of truth. That is, extended exposure to false claims and debunking attempts appear to weaken the belief that there is an objectively
correct answer to how people ought to behave in this situation, which in turn leads to less positive reactions toward masking as
the prescribed behavior.

Conclusions: Health professionals and science advocates face an underappreciated challenge in attempting to debunk
misinformation on social media. Although engaging in extended debates with science deniers and other purveyors of bunk appears
necessary, more research is needed to address the unintended consequences of such engagement.

(J Med Internet Res 2022;24(3):e34831)   doi:10.2196/34831
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Introduction

Context
The internet in general and social media in particular have
become important sources of information for many people
seeking medical and health-related information. As of 2014,
72% of internet users in the United States reported having
searched for health-related information online [1]. More
recently, 49% of US adults reported obtaining at least some of
their news about the COVID-19 vaccine on social media, and
among those who regularly obtain news from social media, 61%
rated social media as an important way of keeping up with news
about COVID-19 vaccines [2]. Yet, content disseminated
through social media sites such as Facebook, Twitter, or Reddit
remains largely unregulated, and is replete with false and
misleading information [3-8].

The widespread availability and consumption of false,
inaccurate, or incomplete health information (herein referred
to as “health misinformation”) is a serious problem that can
cause individual and social harm by promoting erroneous beliefs
about health and illness, leading to detrimental behavior [9,10].
For example, the persistent circulation of unfounded claims
linking vaccination to autism has convinced many parents not
to immunize their children, which has resulted in a significant
rise in vaccine-preventable diseases and death [11]. Believing
misinformation about COVID-19 has been linked to lower
adoption of health protective behaviors [12] and greater
consumption of harmful products [13]. Evidence also suggests
that online disinformation campaigns on a global scale have
played a key role in the notable drop in vaccination coverage
over time [14].

Recognizing the potentially disastrous consequences of letting
misinformation proliferate on social media, researchers from
diverse fields have proposed a variety of countermeasures,
including technological solutions aimed at limiting exposure to
misinformation, educational interventions aimed at empowering
people to recognize and deal with misinformation, as well as
communication tools designed to help debunk and correct
misinformation [15-19]. Importantly, health experts and health
care professionals have been called upon to play an active role
in correcting health misinformation when they encounter it on
social media [20-27].

Elsewhere, a rich literature on debunking has shown that
properly designed corrections can be effective at countering
misinformation [28-31]. This research, however, has examined
the issue mostly from a static perspective. In a typical study,
participants are first exposed to misinformation. Subsequently,
some participants receive a correction, and their responses are
compared to a control group that received no correction or a
comparison group that received an alternate correction varying
in its content, source, or some other relevant attribute (eg,
[27,32-36]). Although this paradigm allows for a clean test of
the relative effectiveness of specific debunking interventions,

it oversimplifies the dynamic nature of social media
conversations. For example, when a social media user takes to
Facebook to make a false claim about a health-related practice,
and a health expert subsequently refutes the claim, the
conversation rarely ends there. Often, the social media user
proceeds by rebuking the critic and doubling down on the claim.

Objectives
The aim of this study was to examine the impact of such
extended back and forth between false claims and debunking
attempts on observers’ dispositions toward behavior favored
by science. The US Centers for Disease Control and Prevention
(CDC) had been recommending mask wearing in public since
April 2020. However, by the time of our study in October 2020,
less than half of the states had issued a mandate for mask
wearing in public [37], and misinformation regarding the safety
and efficacy of masking had become rampant on social media
[38].

In this study, we tested competing predictions about the effect
of extended exposure on people’s attitudes and intentions toward
masking in public and explored several psychological processes
potentially underlying this effect.

On the one hand, properly debunking a false claim may have a
lasting effect, such that when the purveyor of misinformation
proceeds to rebuke the critic and double down on the false claim,
observers’ attitudes toward masking would remain unaffected
by the new round of misinformation. A detailed refutation that
includes a clear explanation of why a claim is false and what is
true instead [16,39] could have a persistent impact on observers’
attitudes because, in addition to arming them with facts, it
undermines the credibility of the argument underlying the false
claim [40]. Moreover, research on “prebunking” has shown that
it is possible to inoculate individuals against misinformation
before it is even encountered [41-43]. Extending the principle
of prebunking to prolonged social media debates, one could
surmise that witnessing a thorough refutation of a false claim
early in the debate may inoculate people against later assertions
of the false claim.

On the other hand, repeated exposure to misinformation and its
rebuttal could create uncertainty about the very existence of
true facts [4,44]. For example, in reference to President Donald
Trump’s extensive record of making false and misleading
claims, Lewandowski et al [44] quoted a 2017 editorial from
the Bangor Daily News suggesting that one important
consequence of the repeated falsehoods is that “A third of the
population will say ‘clearly the White House is lying,’ a third
will say ‘if Trump says it, it must be true,’ and the remaining
third will say ‘gosh, I guess this is unknowable’.” A year later,
former Director of National Intelligence, James Clapper [45],
warned that “many Americans are questioning if facts are even
knowable, as foreign adversaries and our national leaders
continue to deny objective reality while advancing their own
alternative facts.”
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In the health domain, exposure to conflicting information about
a wide range of topics, including mammography [46,47],
nutrition [48,49], and the human papillomavirus vaccine [50],
has been shown to increase confusion, uncertainty, and negative
attitudes toward the health topic in question. Together, these
results suggest that exposure to an extended back and forth
between false claims and debunking attempts may generate
doubt about the very existence of a nonsubjective true answer
to a health-related question. This study specifically examined
the discourse surrounding the question of whether wearing
masks in public should be prescribed. Based on extant theory,
we hypothesized that such discourse would weaken people’s
attitudes and intentions toward masking in public as the
prescribed behavior.

In addition to testing these competing predictions, we explored
the impact of extended exposure on people’s intentions to share
the social media threads. This has direct implications for
understanding how misinformation spreads on social media.

Methods

Participants and Procedure
Respondents were recruited from Prolific, a platform for
recruiting online participants that explicitly caters to researchers.
Prolific provides diverse and valid samples, and its data quality
compares favorably with that of other online platforms such as
MTurk [51,52]. US residents with an existing account on Prolific
took part in the study on October 16, 2020, in exchange for
monetary compensation.

Upon consenting in writing, participants answered questions
about the relevance of various sources of health information,
the impact of COVID-19 (including their perceived risk of
infection), and reported on their attitudes and intentions toward
wearing masks in public. They then completed a first attention
check and were randomly assigned to one of four social media
exposure conditions (misinformation only [M] vs
misinformation+correction [MC] vs misinformation+
correction+rebuke [MCR] vs misinformation+correction+
rebuke+second correction [MCRC]). The attention check
consisted of a statement at the end of a question asking
participants to choose a specific answer to ensure they were
reading the questions.

The social media content consisted of Reddit posts that were
adapted from real social media posts and expert responses
collected by the International Fact Checking Network [38],
which are shown in full in Figure 1. Participants in the M
condition reviewed a post by a user with the username
citizen-health arguing that wearing face masks can cause a new
disease called “mask mouth.” Those in the MC condition saw
the same post plus a correction from a user with the username
Health_Scientist, pointing out that there is in fact no scientific
evidence of any new disease caused by wearing face masks.
Those in the MCR group saw a thread containing the previous
two posts plus a second post from citizen-health rebuking
Health_Scientist and doubling down on the original claim.
Finally, those in the MCRC condition saw a thread containing
the previous three posts plus a second correction from
Health_Scientist.
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Figure 1. Reddit posts for the misinformation+correction+rebuke+second correction condition.

After reviewing the Reddit thread, participants completed a
comprehension check assessing their comprehension of the
position argued by citizen-health. They then indicated whether
they would consider sharing the thread if they were to see it on
social media, and reported their attitudes and intentions for a
second time. They also answered questions on potential
mediators and additional covariates. Mediators included
perceptions of objectivity of truth, argument strength, and
warmth and competence of the protagonists in the Reddit

exchange. Covariates included perceived COVID-19 risk,
cognitive reflection, conspiracy mentality, and political
orientation.

Ethical Considerations
The study was approved by the University of Calgary Conjoint
Faculty Research Ethics Board (REB20-1178) and was
conducted according to the principles expressed in the
Declaration of Helsinki.
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Measures
Attitudes were measured using three items (“Masking in public
is necessary; good; beneficial”) rated on 7-point scales
(1=strongly disagree, 7=strongly agree). Participants indicated
their intention to wear a mask in public using a single item
(“Over the next months, how often do you intend to wear a face
mask when in public?”) also on a 7-point scale (1=never, 7=all
the time). Since the attitude and intention measures were highly
correlated, we combined them into a single index of disposition
toward masking in public (α=.96 preexposure and α=.97
postexposure).

To measure perceived objectivity of truth, we asked respondents
to consider the question “Should people wear masks in public?”
and indicate the extent to which they think there is an objectively
true answer to this question [53,54]. They reported their answers
on a 7-point scale (1=definitely no objective truth, 7=definitely
an objective truth).

Perceived argument strength was measured using five items
adapted from Zhao et al [55]. A sample item is “The arguments
of citizen-health are a convincing reason against masking in
public” (1=strongly disagree, 7=strongly agree). The complete
scale (α=.86 for citizen-health and α=.94 for Health_Scientist)
is detailed in Multimedia Appendix 1.

Participants rated the warmth and competence of both
protagonists on 11-point bipolar scales adapted from previous
research [40,56]. Perceived warmth was assessed using four
items (α=.93 for citizen-health and α=.96 for Health_Scientist),
including unfriendly/friendly, cold/warm, irritable/good-natured,
unsympathetic/sympathetic. Perceived competence was assessed
using six items (α=.97 for citizen-health and α=.98 for
Health_Scientist), including uninformed/informed,
unqualified/qualified, unreliable/reliable,
unbelievable/believable, and incompetent/competent.

Respondents indicated the probability they will be infected with
the coronavirus in the next 12 months on a sliding scale (0=0%,
100=100%), and rated how harmful it would be for their health
if they were to become infected (1=not at all, 5=extremely). We
computed a perceived COVID-19 risk score by multiplying the
probability of infection by the perceived harm and dividing by
100.

Conspiracy mentality was measured using five items (α=.89)
rated on 7-point scales (1=strongly disagree, 7=strongly agree)
adapted from Bruder et al [57]. A sample item is “Events which
superficially seem to lack a connection are often the result of
secret activities.”

We assessed cognitive reflection by combining the three items
of Frederick’s [58] original Cognitive Reflection Test (CRT;
eg, “A bat and a ball cost $1.10 in total. The bat costs $1.00
more than the ball. How much does the ball cost?”) with the
four items of Thomson and Oppenheimer’s [59] nonnumeric
CRT (eg, “If you’re running a race and you pass the person in
second place, what place are you in?”). Answers were coded 1
for a correct answer and 0 for an incorrect answer. The final
cognitive reflection score is the sum of all the correct answers.

The following two items (r=0.89) adapted from Schmid and
Betsch [40] were used to measure political orientation: (1) If
you think about your own political views, where would you
classify your views on this scale? (1=very conservative, 7=very
liberal), and (2) If you think about your own political identity,
where would you classify your views on this scale?
(1=Republican, 7=Democrat). Scores were reversed so that
higher scores indicate political conservatism.

Participants rated their sharing intention on a single item: “If
you were to see this post on social media, would you consider
sharing it?” (1=definitely not, 5=definitely yes).

Statistical Analysis

Disposition Toward Masking in Public
Data analysis was performed using the statistical program R,
version 4.0 [60], and the level of statistical significance was set
at α=.05. To answer our main research question, we examined
how progressive exposure to false claims and debunking
attempts affects people’s attitudes and intentions toward masking
in public. Specifically, we tested whether a change in disposition
toward masking in public varied from one exposure condition
to the next.

Given the structure in our data (each participant provided two
sets of ratings), we fit a linear mixed-effects model with
disposition toward masking in public as the outcome variable;
random intercepts for participants (ID); and fixed effects for
exposure condition (contrast-coded using repeated contrasts),
time of rating (contrast-coded using treatment contrast), and
their interaction. We also added perceived COVID-19 risk,
cognitive reflection, political orientation, and conspiracy
mentality as mean-centered covariates in the model. The model
was estimated using maximum likelihood. We compared this
model’s goodness of fit to a second model that was identical
but did not include the condition×time interaction term. The
likelihood ratio test indicated that model fit improved

significantly when the interaction term was present (χ2
3=33.71,

P<.001), thus suggesting a significant interaction.

The P values for the mixed-effects model with interaction were
estimated via t tests using the Satterthwaite approximations to
degrees of freedom. Effect sizes for the fixed effects are
indicated by the standardized regression coefficients (β values)
and their 95% CIs

Perceived Objectivity of Truth
Should people wear masks in public? We speculated that during
extended debates, the reiteration of false information and rebuke
of experts might shake people’s confidence, not only in the
veracity of any answer to the question but also in the very
existence of an objectively true answer. To test this idea, we
performed an analysis of covariance (ANCOVA) on perceived
objectivity of truth with exposure condition as the independent
variable. Our model controlled for preexposure disposition
toward masking in public, perceived COVID-19 risk, cognitive
reflection, political orientation, and conspiracy mentality.
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Perceived Argument Strength
To test whether exposure to extended debates influences
perceptions of the strength of citizen-health’s arguments, we
performed an ANCOVA on perceived argument strength, with
condition as the independent variable and controlling for the
same set of covariates as indicated above.

Mediation Analysis
We examined whether multiple processes may underly the effect
of exposure to misinformation and debunking attempts on the
change in people’s disposition toward masking in public.
Specifically, we tested the idea that correcting the original false
claim may improve disposition toward masking, in part, by
undermining the strength of the arguments put forth by the
misinformation purveyor. Yet, further exposure may generate
some doubt about the very existence of an objectively true
answer, which, in turn, may weaken people’s attitudes and
intentions toward masking.

We performed two parallel mediation analyses. The first focused
on the difference between the MC and M conditions, whereas
the second focused on the difference between the MCR and MC
conditions. The mediation models included the change in

disposition toward masking in public as the dependent variable,
exposure condition as the independent variable, perceived
objectivity as the first mediator, and perceived argument strength
as the second mediator. Change in disposition toward masking
in public was computed by subtracting participants’ initial
disposition scores from their postexposure scores. The models
were estimated using maximum likelihood with robust standard
errors.

Results

Sample Characteristics
A total of 500 participants responded to the survey. Four
participants failed the initial attention check and 17 failed the
comprehension check. Of those, 6 were in the MC condition, 3
were in the MCR condition, and 8 were in the MCRC condition.
After removing responses from participants who failed at least
one attention check, we were left with a final sample of 479
participants. The sample’s demographic characteristics are
shown in Table 1. It is worth noting that including data from
participants who failed the attention or comprehension checks
did not materially change the size, direction, or statistical
significance of the reported effects.

Table 1. Sample characteristics (N=479).

ValueCharacteristic

32.1 (12.3)Age (years), mean (SD)

Gender, n (%)

257 (53.7)Female

212 (44.6)Male

8 (1.7)Other

2 (0.4)Prefer not to answer

Education, n (%)

8 (1.7)Less than high school

55 (11.5)High school graduate

124 (25.9)Some college but no degree

42 (8.8)Associate degree

158 (33.0)Bachelor’s degree

73 (15.2)Master’s degree

3 (0.6)Doctoral degree

16 (3.3)Professional degree

Employment, n (%)

183 (38.2)Employed full time

101 (21.1)Employed part time

61 (12.7)Unemployed looking for work

28 (5.8)Unemployed not looking for work

17 (3.5)Retired

80 (16.7)Student

9 (1.9)Disabled

J Med Internet Res 2022 | vol. 24 | iss. 3 |e34831 | p.1057https://www.jmir.org/2022/3/e34831
(page number not for citation purposes)

Mourali & DrakeJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Disposition Toward Masking in Public
Figure 2 shows the estimated marginal means and their 95%
CIs. The means and SDs for all variables are presented in Table
S1 of Multimedia Appendix 1. Prior to reviewing the Reddit
threads, participants in all conditions reported similarly high
dispositions toward masking in public. The estimated marginal
means did not differ significantly between successive conditions,
as shown in Table 2 (ie, P values for MC vs M, MCR vs MC,
and MCRC vs MCR are all greater than .05). This confirmed
that random assignment produced groups with equivalent
baselines. The model statistics are summarized in Table 3.
Furthermore, exposure to misinformation without any correction
resulted in lower disposition toward masking in public (Time
2 in Table 2), while correcting false information improved
disposition toward masking. Indeed, participants in the MC
condition expressed more positive attitudes and intentions at
time 2 than those in the M condition (Time 2: MC vs M in Table
2). Interestingly, the positive effect of correction seemed to
vanish when the source of misinformation rebukes the correction

and doubles down on the false claim. Participants in the MCR
condition reported significantly lower disposition scores than
those in the MC condition (Time 2: MCR vs MC in Table 2).
Perhaps even more concerning, a second round of corrections
did not appear to effectively counter the impact of the rebuke
and doubling down. Indeed, disposition toward masking in
public did not differ significantly between participants in the
MCRC and MCR conditions.

Although not our primary focus, it is worth noting that all four
covariates had significant effects in the expected directions.
Disposition toward masking in public was positively related to
perceived COVID-19 risk and cognitive reflection (CRT). The
latter is consistent with recent research showing CRT to be
negatively correlated with the perceived accuracy of fake news,
and positively correlated with the ability to discern fake news
from real news [61]. Conversely, disposition toward masking
in public was negatively related to conspiratorial thinking and
political conservatism.

Figure 2. Estimated marginal means and 95% CIs for disposition toward masking in public across conditions and measurement times. M:
misinformation-only experimental condition; MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke
experimental condition; MCRC: misinformation+correction+rebuke+second correction experimental condition.
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Table 2. Fixed effects for disposition toward masking in public from the mixed-effects regression model.

β (95% CI)P valuet (df=479)Estimate, b (SE)Predictors

.18 (.10 to .25)<.001121.136.33 (0.05)Intercept

.11 (.04 to .18).0033.000.15 (0.05)COVID-19 risk

.10 (.03 to .17).0062.740.06 (0.02)CRTa

–.39 (–.46 to –.32)<.001–10.48–0.31 (0.03)Political orientation

–.11 (–.18 to –.04).003–2.99–0.12 (0.04)Conspiracy mentality

–.35 (–.42 to –.29)<.001–10.38–0.49 (0.05)Time 2

.01 (–.20 to –.22).940.070.01 (0.15)MCb versus Mc

.02 (–.19 to –.24).830.220.03 (0.15)MCRd versus MC

–.02 (–.24 to .19).83–0.21–0.03 (0.15)MCRCe versus MCR

.35 (.16 to .54)<.0013.630.48 (0.13)Time 2: MC versus M

–.53 (–.72 to –.34)<.001–5.48–0.73 (0.13)Time 2: MCR versus MC

.08 (–.11 to .27).400.840.11 (0.13)Time 2: MCRC versus MCR

aCRT: Cognition Reflection Test.
bMC: misinformation+correction.
cM: misinformation only.
dMCR: misinformation+correction+rebuke.
eMCRC: misinformation+correction+rebuke+second correction.

Table 3. Random effects of the mixed-effects regression model for disposition toward masking in public.

ValueRandom effect

0.53σ2

0.78τ00id

0.60Intracorrelation coefficient

479Nid

958Observations

0.308/0.721Marginal R2/Conditional R2

Perceived Objectivity of Truth
The patterns in our data (see the estimated marginal means in
Figure 3) lend support to the idea that reiteration of false

information and rebuke of experts might weaken people’s
confidence in the very existence of an objectively true answer.

Figure 3. Estimated marginal means and 95% CIs for perceived objectivity of truth across conditions. M: misinformation-only experimental condition;
MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke experimental condition; MCRC:
misinformation+correction+rebuke+second correction experimental condition.
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We found a significant effect of condition (F3,470=16.96, P<.001,

ηp
2=0.098). Planned contrasts with Bonferroni correction for

multiple tests revealed that people’s perception of the objectivity
of truth did not change significantly between the MC and M
conditions (mean 6.18, SD 1.14 vs mean 5.91, SD 1.34,
respectively; t470=0.53, P>.99, d=0.22, 95% CI –0.03 to 0.47).
However, exposure to a second round of misinformation (MCR
condition) resulted in appreciably lower perceptions of truth
objectivity compared to those for the MC condition (mean 4.96,
SD 1.88; t470=–6.01, P<.001, d=–0.79, 95% CI –1.05 to –0.52).
Moreover, witnessing a second correction (MCRC condition)
failed to improve perceptions of truth objectivity compared to
the MCR condition (mean 5.31, SD 1.81; t470=1.74, P=.25,
d=0.19, 95% CI –0.07 to 0.44). These results suggest that once
undermined, perceived objectivity of truth may be difficult to
restore.

With respect to the covariates, we found that initial disposition
toward masking was positively related to perceived objectivity

(b=0.31, SE 0.06; F1,470 =25.88, P<.001, ηp
2=0.05), whereas

political conservatism (b=–0.17, SE 0.04; F1,470=14.48, P<.001,

ηp
2=0.03) and conspiracy mentality (b=–0.12, SE 0.05;

F1,470=5.06, P=.02, ηp
2=0.01) were negatively related to

perceived objectivity. The effects of cognitive reflection

(b=0.03, SE 0.03; F1,470=0.92, P=.34, ηp
2=0.002) and perceived

COVID-19 risk (b=0.10, SE 0.07; F1,470=1.96, P=.16,

ηp
2=0.004) were not significant.

Perceived Argument Strength
The previous analysis suggested that reduction in the perceived
objectivity of truth only occurs following exposure to the second
round of misinformation. Thus, perceived objectivity of truth
cannot account for the observed changes in attitude and intention
across the entire range of exposure conditions. In particular, it
cannot account for the improvement in disposition toward
masking following correction of the initial false claim.
Therefore, we next examined whether perceptions of the strength
of citizen-health’s arguments may provide an alternative
account.

Exposure condition had a significant impact on perceived

argument strength (F3,470=8.21, P<.001, ηp
2=0.05). Planned

contrasts with Bonferroni correction for multiple tests revealed
that citizen-health’s arguments were perceived to be weaker in
the MC condition than in the M condition (mean 1.95, SD 1.26
vs mean 2.75, SD 1.59, respectively; t470=–4.43, P<.001,
d=–0.55, 95% CI –0.81 to –0.30). However, perceived argument
strength remained low in the MCR condition and showed no
difference from that in the MC condition (mean 2.12, SD 1.31;
t470=0.34, P>.99, d=0.13, 95% CI –0.12 to 0.39). It also did not
differ significantly between the MCRC condition and the MCR
condition (mean 2.34, SD 1.30; t470=1.72, P=.26, d=0.17, 95%
CI –0.09 to 0.42). The estimated marginal means are shown in
Figure 4.

Figure 4. Estimated marginal means and 95% CIs for perceived argument strength across exposure conditions. M: misinformation-only experimental
condition; MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke experimental condition; MCRC:
misinformation+correction+rebuke+second correction experimental condition.

As for the covariates, political conservatism (b=0.14, SE 0.04;

F1,470=14.03, P<.001, ηp
2=.029) and conspiracy mentality

(b=0.16, SE 0.04; F1,470=12.19, P<.001, ηp
2=0.025) were

positively related to perceived argument strength, whereas initial
disposition to wearing masks (b=–0.39, SE 0.05; F1,470=62.96,

P<.001, ηp
2=0.118) and cognitive reflection (b=–0.05, SE 0.03;

F1,470=4.13, P=.04, ηp
2=0.009) were negatively related to

perceived argument strength. Perceived COVID-19 risk (b=0.08,

SE 0.06; F1,470=1.92, P=.17, ηp
2=0.004) was unrelated to

perceived argument strength.

Mediation Analysis
When comparing the MC and M conditions, the effect of
increased exposure on change in disposition toward masking
in public was partially mediated by perceived argument strength
(Figure 5). Indeed, both the indirect effect Condition through
Argument Strength through Change in Disposition (b=0.12, SE
0.04, z=2.96; P=.01, 95% CI 0.04-0.19) and the direct effect
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Condition through Change in Disposition (b=0.35, SE 0.09,
z=3.90; P<.001, 95% CI 0.17-0.52) were significant. However,
the second indirect effect Condition through Objectivity through
Change in Disposition was not significant (b=0.02, SE 0.02,
z=0.93; P=.35, 95% CI –0.02 to 0.05). Moreover, a formal test

of the difference between the indirect effects confirmed that the
indirect effect through Argument Strength was significantly
larger than the indirect effect through Perceived Objectivity
(b=0.10, SE 0.04, z=2.84; P=.004, 95% CI 0.03-0.17).

Figure 5. Objectivity and argument strength mediate the effect of exposure on change in disposition. Values are unstandardized coefficients (b values).
M: misinformation-only experimental condition; MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke
experimental condition. *P<.05, ***P<.001.

Conversely, when considering the MCR and MC conditions,
perceived objectivity partially mediated the effect of exposure
on change in disposition. The indirect effect Condition through
Objectivity through Change in Disposition was statistically
significant (b=–0.14, SE 0.07, z=–2.09; P=.04, 95% CI –0.27
to –0.01), as was the direct effect Condition through Change in
Disposition (b=–0.58, SE 0.13, z=–4.59; P<.001, 95% CI –0.83
to –0.33). Moreover, the indirect effect Condition through
Argument Strength through Change in Disposition was not
significant (b=–0.004, SE 0.01, z=–0.47; P=.64, 95% CI –0.02
to 0.01), and the indirect effect through Perceived Objectivity
was larger than the indirect effect through Argument Strength
(b=0.14, SE 0.07, z=2.00; P=.05, 95% CI 0.003-0.27).

These results suggest that no single process can fully account
for the observed patterns in the data. Although a decrease in
perceived argument strength partially explains why seeing a
correction following initial exposure to misinformation improves
attitudes and intentions toward masking, this path accounted
for only 24.0% of the total effect of seeing a correction on
change in attitudes and intentions. Moreover, a decrease in the
perceived objectivity of truth partially explains why exposure
to a second round of misinformation that includes rebuke of the
correction and doubling down on the original false claim
negatively impacts attitudes and intentions toward masking.
However, this path accounted for only 19.4% of the total effect
of further exposure to misinformation on change in disposition
toward masking.

Given the significant direct effect of exposure on change in
disposition and the modest proportion mediated in both cases,

it is likely that there are additional mediators that could
contribute to understanding the dynamic effects of extended
exposure to misinformation on people’s attitudes and intentions
toward behaviors favored by science.

Additional Analyses
We tested for other potential mediators, but found that increased
exposure did not influence participants’ perceptions of

citizen-health’s warmth (F3,470=1.73, P=.16, ηp
2=0.01),

citizen-health’s competence (F3,470=0.92, P=.43, ηp
2=0.006),

Health_Scientist’s warmth (F2,349=0.63, P=.53, ηp
2=0.004),

Health_Scientist’s competence (F2,349=0.37, P=.69, ηp
2=0.002),

or strength of Health_Scientist’s arguments (F2,349=1.39, P=.25,

ηp
2=0.008).

Finally, we analyzed participants’ intention to share
misinformation on social media (see Figure 6). Exposure had
a significant effect on sharing intention (F3,470=6.24, P<.001,

ηp
2=0.038). Planned contrasts with Bonferroni correction for

multiple comparisons showed a decrease in the intention to
share the original posting after seeing a correction (MC mean
1.88, SD 1.15 vs M mean 2.48, SD 1.40; t470=–3.93, P<.001,
d=–0.47, 95% CI –0.72 to –0.21). Furthermore, there was no
significant difference in sharing intention between the MCR
and MC conditions (mean 2.03, SD 0.99; t470=0.86, P>.99 1,
d=0.14, 95% CI –0.11 to 0.39), or between the MCRC and MCR
conditions (mean 1.96, SD 1.09; t470=–0.29, P>.99, d=–0.07,
95% CI –0.32 to 0.19).
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Figure 6. Marginal means and 95% CIs of intention to share across exposure conditions. M: misinformation-only experimental condition; MC:
misinformation+correction experimental condition; MCR: misinformation+correction+rebuke experimental condition; MCRC:
misinformation+correction+rebuke+second correction experimental condition.

Examining the covariates, we found that initial disposition to
wearing masks (b=–0.23, SE 0.05; F1,470=23.76, P<.001,

ηp
2=0.046) and cognitive reflection (b=–0.06, SE 0.02;

F1,470=6.32, P=.01, ηp
2=0.013) were negatively associated with

intention to share. Neither perceived COVID-19 risk (b=0.06,

SE 0.05; F1,470=1.33, P=.25, ηp
2=0.003) nor political orientation

(b=0.04, SE 0.03; F1,470=1.55, P=.21, ηp
2=0.003) or conspiracy

mentality (b=0.01, SE 0.04; F1,470 0.03, P=.86, ηp
2=0.000) was

significantly related to sharing intentions.

These results indicate that people are more likely to share
misinformation when its content is consistent with their existing
beliefs about the issue. Importantly, they also suggest that
correcting a false claim can reduce the extent of its spread on
social media, and this effect seems resistant to further exposure
to the same misinformation.

Discussion

Principal Findings
Past research from across a variety of domains has shown that
debunking misinformation works. That is, well-crafted
corrections delivered by trusted sources can positively impact
beliefs, attitudes, and intentions toward behavior favored by
science [26-36]. With the explosion of false and misleading
health claims on social media, especially since the start of the
COVID-19 pandemic [62,63], scientists, experts, and health
care professionals have been called upon to increase their
presence on social media and help combat this “infodemic”
[20-27]. A recent study found that US physicians and nurses
are generally willing to take on the task even if it comes with
important challenges [64]. However, little is known about the
impact of extended social media debates on observers’attitudes
and intentions toward the debated issue. In this study, we tested
such an impact in the context of a debate about the safety and
effectiveness of wearing face masks in public during the early
days of the pandemic.

We found that exposure to misinformation has a negative impact
on attitudes and intentions toward masking. This result is
consistent with prior research finding that exposure to

misinformation negatively impacts attitudes and intentions
toward behaviors favored by science [40].

Also in line with prior work [28-31], we found that initial
debunking of a false claim generally improves attitudes and
intentions toward masking. This effect is partially explained by
a decrease in the perceived strength of the argument underlying
the false claim. However, this improvement is washed out by
further exposure to false claims and debunking attempts. The
latter result is partially explained by a decrease in the perceived
objectivity of truth. That is, extended exposure to false claims
and debunking attempts appears to weaken the belief that there
is a nonsubjective, correct answer to how people ought to behave
in this situation, which in turn leads to less positive reactions
toward masking as the prescribed behavior. Interestingly,
exposure to contradictory information affects perceived truth
objectivity in a nonlinear fashion. For instance, exposure to a
false claim and its initial debunking does not weaken the belief
that there is an objectively true answer. It appears that the level
of exposure to contradictory information needs to reach a certain
threshold before it affects perceived truth objectivity.

Finally, we found that people are more likely to share
misinformation when its content is consistent with their existing
beliefs. However, correcting misinformation reduces its
likelihood of being shared on social media, and this effect
persists even after multiple exposures. These results, while
highlighting the value of debunking in combating the spread of
misinformation on social media, suggest that, unlike attitudes,
sharing intentions may be insensitive to extended exposure to
a back and forth between misinformation and correction. This
pattern may reflect a floor effect, in that people had expressed
very low intentions to share corrected misinformation (mean
of 1.89 on a 7-point scale). Exposure to further debate resulted
in more negative attitudes toward masking, but did not impact
sharing intentions because sharing intentions were already
extremely low.

Comparison With Prior Work
Our findings have important implications for research on
debunking misinformation. Extant literature has noted that even
though corrections generally reduce people’s beliefs in false
information, the misinformation often continues to influence
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their thinking, a phenomenon known as the continued influence
effect [65]. Once people process information that appears
vaguely credible to them, it becomes difficult to retract it. A
popular explanation of the continued influence effect assumes
that people build mental models of the world and want their
models to be complete. They are willing to accept false
information if it allows them to build complete models. When
that false information is later debunked, it creates a gap in their
understanding of the world. Since people dislike gaps in their
understanding and prefer their mental models to be complete,
they continue to rely on information they know is false. [65,66].

Another explanation of the continued influence effect argues
that attempts to correct misinformation often end up reinforcing
it through repetition [67,68]. From this perspective, repeating
misinformation when attempting to correct it makes it feel more
familiar and fluent. By inadvertently increasing the ease with
which misinformation is processed, correction attempts also
increase the likelihood of it being accepted as true. Our study
suggests yet another possible explanation of the stickiness of
misinformation. In some situations, witnessing a heated debate
with arguments for and against a controversial issue could
undermine people’s confidence in the existence of an objectively
true answer, which may weaken their commitment to either side
of the debate.

Limitations and Future Research
We set out to study the impact of exposure to extended debates
on social media. However, our study was limited to a single
platform (Reddit), and the debate was restricted to four
exchanges between only two protagonists. This limits the
generalizability of our findings. Interaction norms likely differ
across social media platforms, which may impact how users
interpret the conversation. Future research could attempt to
replicate our findings using different social media platforms
(eg, Facebook and Twitter), and examine the consequences of
extending the debate to include more than two protagonists and
more than four exchanges. Relatedly, although extended debates
such as those described in this research are familiar to regular
users of social media, we do not know how often they happen.
Future research would benefit from quantifying the frequency
of their occurrence and how it may vary across platforms.

A possible limitation of our experimental design is that the
rebuke message included an image, whereas all other messages
were strictly text-based. Thus, it is impossible to disentangle
the impact of exposure to the rebuke message from the presence
of an image. However, pinpointing which message element
(image vs text) accounts for the effect of exposure was not a
goal of this study. Instead, we sought to pit strong refutation
against persuasive misinformation. We chose to include a
graphic image in the rebuke message precisely because of its
persuasive power.

Although the debunking messages used in this study were
developed using recommended best practices, it is possible that
different debunking techniques would have resulted in different
outcomes. Future research would greatly benefit from
manipulating features of the debunking argument as well as the
source of debunking. For example, previous research has shown
that debunking messages from anonymous social media users
are more effective when they include a link to a trusted source
such as the CDC [26]. Future research could test whether the
positive impact of providing links to credible sources persists
in the context of extended social media debates. Other features
of debunking messages previously found to sometimes reduce
misperceptions include the use of humor [69] and infographics
[70]. However, whether such debunking techniques can be
effective in the context of extended debates remains an open
question.

Preemptively refuting misinformation or even just warning
people that they might be misinformed has been shown to
decrease later reliance on misinformation. Future research could
test the effectiveness of such prebunking in the context of
extended debates, where—to extend the biomedical
analogy—the viral load is higher.

Conclusions
In sum, dynamic conversations present a heretofore
underappreciated challenge faced by health professionals and
science advocates attempting to debunk misinformation on
social media. Engaging in extended debates with science deniers
and other purveyors of bunk appears necessary, but more
research is needed to address the unintended consequences of
such engagement.
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