Journal of Medical Internet Research

Impact Factor (2018): 4.945 - ranked #1 medical informatics journal by Impact Factor
Volume 21 (2019), Issue 7 ISSN: 1438-8871 Editor in Chief: Gunther Eysenbach, MD, MPH

Contents
Viewpoints

Data Work: Meaning-Making in the Era of Data-Rich Medicine (€11672)

Amelia Fiske, Barbara Prainsack, AlENa BUYX. . . . . ...ttt e e e e e e e 6

Hacking 9-1-1: Infrastructure Vulnerabilities and Attack Vectors (e14383)
Mat Goebel, Christian Dameff, Jeffrey TUIlY. . . . .. ..o e e e e e e e 374

Artificial Intelligence and the Implementation Challenge (e13659)
James Shaw, Frank Rudzicz, Trevor Jamieson, Avi Goldfarh. . . .. ... e 507

Reducing Patient Loneliness With Artificial Agents: Design Insights From Evolutionary Neuropsychiatry
(e13664)

Kate Loveys, Gregory Fricchione, Kavitha Kolappa, Mark Sagar, Elizabeth Broadbent. . .. ........ ... .. .. . . . . . 608

Reviews

Internet-Based Interventions for Carers of Individuals With Psychiatric Disorders, Neurological Disorders,
or Brain Injuries: Systematic Review (e10876)
Lucy Spencer, Rachel Potterton, Karina Allen, Peter Musiat, Ulrike Schmidt. . . . .. ... ... 17

An Evaluation of the Effectiveness of the Modalities Used to Deliver Electronic Health Interventions for
Chronic Pain: Systematic Review With Network Meta-Analysis (e11086)

Brian Slattery, Stephanie Haugh, Laura O'Connor, Kady Francis, Christopher Dwyer, Siobhan O'Higgins, Jonathan Egan, Brian McGuire. . .
4 5

Telehealth Interventions for Improving Self-Management in Patients With Hemophilia: Scoping Review of
Clinical Studies (e12340)
Wenji Qian, Teddy Lam, Henry Lam, Chi-Kong Li, Yin Cheung. . . ... ... 217

Impact of Clinicians' Use of Electronic Knowledge Resources on Clinical and Learning Outcomes: Systematic
Review and Meta-Analysis (€13315)

Lauren Maggio, Christopher Aakre, Guilherme Del Fiol, Jane Shellum, David COOK. . . . .. .. ..ot e 381

Breast Cancer Detection and Diagnosis Using Mammographic Data: Systematic Review (e14464)
Syed Gardezi, Ahmed Elazab, Baiying Lei, Tianfu WaNQ. . . . .. ...t e e e 571

Journal of Medical Internet Research 2019 | vol. 21 | iss. 7 | p.1

RenderX


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

Use of Social Robots in Mental Health and Well-Being Research: Systematic Review (€13322)
Arielle Scoglio, Erin Reilly, Jay Gorman, Charles Drebing. . . . ... ... o 614

Virtual Patient Simulations in Health Professions Education: Systematic Review and Meta-Analysis by the
Digital Health Education Collaboration (e14676)

Andrzej Kononowicz, Luke Woodham, Samuel Edelbring, Natalia Stathakarou, David Davies, Nakul Saxena, Lorainne Tudor Car, Jan Carlstedt-Duke,
JOSIP Car, Nabil Zary. . . ..o 628

Original Papers

The Cost-Effectiveness of an Internet Intervention to Facilitate Mental Health Help-Seeking by Young
Adults: Randomized Controlled Trial (€13065)

Long Le, Lena Sanci, Mary Chatterton, Sylvia Kauer, Kerrie Buhagiar, Cathrine Mihalopoulos. . . . ... ... i e 32

Association Between Physical Activity Intervention Website Use and Physical Activity Levels Among
Spanish-Speaking Latinas: Randomized Controlled Trial (€13063)
Sarah Linke, Shira Dunsiger, Kim Gans, Sheri Hartman, Dori Pekmezi, Britta Larsen, Andrea Mendoza-Vasconez, Bess Marcus. . . .. ........... 63

Assessment of Medication Adherence Using a Medical App Among Patients With Multiple Sclerosis Treated
With Interferon Beta-1b: Pilot Digital Observational Study (PROmyBETAapp) (€14373)

Volker Limmroth, Klaus Hechenbichler, Christian Miiller, Markus SChUrks. . . ... .. . e e e 75

Incorporating Information From Electronic and Social Media Into Psychiatric and Psychotherapeutic Patient
Care: Survey Among Clinicians (€13218)
Katherine Hobbs, Patrick Monette, Praise Owoyemi, Courtney Beard, Scott Rauch, Kerry Ressler, IpsitVahia. .. ........ ... ... ... .. .. .... 87

Mothers’ Perceptions of the Internet and Social Media as Sources of Parenting and Health Information:
Qualitative Study (e14289)

Rachel Moon, Anita Mathews, Rosalind Oden, Rebecca Carlin. . .. ... e e e 96

The Search for Consumers of Web-Based Raw DNA Interpretation Services: Using Social Media to Target
Hard-to-Reach Populations (e12980)

Tiernan Cabhill, Blake Wertz, Qiankun Zhong, Andrew Parlato, John Donegan, Rebecca Forman, Supriya Manot, Tianyi Wu, Yazhu Xu, James
Cummings, Tricia Norkunas Cunningham, Catharine Wang. . . . ... ... ... e e e e e e e 105

Digital Mental Health Interventions for Depression, Anxiety, and Enhancement of Psychological Well-Being
Among College Students: Systematic Review (€12869)
Emily Lattie, Elizabeth Adkins, Nathan Winquist, Colleen Stiles-Shields, Q Wafford, Andrea Graham. . .. ........ ... . .. 119

Identification of Patients in Need of Advanced Care for Depression Using Data Extracted From a Statewide
Health Information Exchange: A Machine Learning Approach (e13809)
Suranga Kasthurirathne, Paul Biondich, Shaun Grannis, Saptarshi Purkayastha, Joshua Vest, Josette Jones. . ... ......... ... 138

Identifying Key Target Audiences for Public Health Campaigns: Leveraging Machine Learning in the Case
of Hookah Tobacco Smoking (e12443)
Kar-Hai Chu, Jason Colditz, Momin Malik, Tabitha Yates, Brian Primack. . . . .. ... .. e e e e 150

Identification and Quantification of Gaps in Access to Autism Resources in the United States: An

Infodemiological Study (e13094)

Michael Ning, Jena Daniels, Jessey Schwartz, Kaitlyn Dunlap, Peter Washington, Haik Kalantarian, Michael Du, DennisWall. . .. .............. 157

Journal of Medical Internet Research 2019 | vol. 21 | iss. 7 | p.2

RenderX


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

Influence of Climate on Google Internet Searches for Pruritus Across 16 German Cities: Retrospective
Analysis (e13739)

Linda Tizek, Maximilian Schielein, Melvin Rith, Sonja Stéander, Manuel Pereira, Bernadette Eberlein, Tilo Biedermann, Alexander Zink. . ........ 166

Characterizing Swisher Little Cigar—Related Posts on Twitter in 2018: Text Analysis (€14398)
Jon-Patrick Allem, Sree Uppu, Tess Boley Cruz, Jennifer UNQer. . . .. ..ottt e e e e e e e e e e e e e 179

Perceptions of Information and Communication Technology as Support for Family Members of Persons
With Heart Failure: Qualitative Study (e13521)

Hanna Allemann, Ingela Thylén, Susanna Agren, Maria Lilieroos, Anna Stromberg. . . ... ...ttt e e et 185

Factors Affecting Patients’ Use of Electronic Personal Health Records in England: Cross-Sectional Study
(e12373)

Alaa Abd-Alrazaq, Bridgette Bewick, Tracey Farragher, Peter Gardner. . . . ... ...ttt et 197

Association of Remote Monitoring With Survival in Heart Failure Patients Undergoing Cardiac
Resynchronization Therapy: Retrospective Observational Study (e14142)
Peter Bogyi, Mate Vamos, Zsolt Bari, Balazs Polgar, Balazs Muk, Noemi Nyolczas, Robert Kiss, GaborDuray. . . ........ ..., 232

Effects of Digital Device Ownership on Cognitive Decline in a Middle-Aged and Elderly Population:
Longitudinal Observational Study (e14210)

Yinzi Jin, MingXia Jing, Xia0Chen MaL. . . . . .. oot e e e e e 242

Clinician Job Searches in the Internet Era: Internet-Based Study (€12638)
Shalu Gillum, Natasha Williams, Brittany Brink, EAWard ROSS. . . . . . . ..ot e e e e e e 252

Patient Attitudes About Viewing Their Radiology Images Online: Preintervention Survey (€12595)
Ciarra Halaska, Peter Sachs, Kate Sanfilippo, Chen-Tan Lin. . ... ... .. e 258

Acute Care Patient Portal Intervention: Portal Use and Patient Activation (e13336)

Kumiko Schnock, Julia Snyder, Theresa Fuller, Megan Duckworth, Maxwell Grant, Catherine Yoon, Stuart Lipsitz, Anuj Dalal, David Bates, Patricia
DY KOS, et 265

Validation of the Electronic Version of the International Index of Erectile Function (IIEF-5 and IIEF-15): A
Crossover Study (e13490)

Rob van Kollenburg, Daniel de Bruin, HESSEl WIKSIra. . . . . . ..ot e e e e e e e e e 276

Development of In-Browser Simulators for Medical Education: Introduction of a Novel Software Toolchain
(e14160)

Jan Silar, David Polak, Arnost MIadek, Filip JeZzek, Theodore Kurtz, Stephen DiCarlo, Jan Zivny, Jiri Kofranek. . .. .......................... 284

Lumbar Spine Fusion Patients’ Use of an Internet Support Group: Mixed Methods Study (€9805)
Janni Strgm, Mette Haybye, Malene Laursen, Lene Jargensen, Claus NIi€lSen. . . . ... ..ot e 305

A Novel Intelligent Scan Assistant System for Early Pregnancy Diagnosis by Ultrasound: Clinical Decision
Support System Evaluation Study (€14286)

Ferdinand Dhombres, Paul Maurice, Lucie Guilbaud, Loriane Franchinard, Barbara Dias, Jean Charlet, Eléonore Blondiaux, Babak Khoshnood,
Davor Jurkovic, Eric Jauniaux, Jean-Mari€ JOUANNIC. . . . . . v ottt et e e e e e e e e e e e e e e e e e e 322

Avatar-Based Patient Monitoring With Peripheral Vision: A Multicenter Comparative Eye-Tracking Study
(e13041)

Juliane Pfarr, Michael Ganter, Donat Spahn, Christoph Noethiger, David Tscholl. . . ... ... .. . 334
Differences in Perceptions of Health Information Between the Public and Health Care Professionals:

Nonprobability Sampling Questionnaire Survey (e14105)
Anat Gesser-Edelsburg, Nour Abed Elhadi Shahbari, Ricky Cohen, Adva Mir Halavi, Rana Hijazi, Galit Paz-Yaakobovitch, Yael Birman. ... ...... 346

Journal of Medical Internet Research 2019 | vol. 21 | iss. 7 | p.3

RenderX


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

Users’ Experiences With Web-Based Health Care Information: Qualitative Study About Diabetes and
Dementia Information Presented on a Governmental Website (e11340)
Therese Wiegers, Michelle Hendriks, Uri€ll Malanda, DOIf de BOET. . . .. . ... e e e e e e e 363

A Real-Time Early Warning System for Monitoring Inpatient Mortality Risk: Prospective Study Using
Electronic Medical Record Data (€13719)

Chengyin Ye, Oliver Wang, Modi Liu, Le Zheng, Minjie Xia, Shiying Hao, Bo Jin, Hua Jin, Chunging Zhu, Chao Huang, Peng Gao, Gray Ellrodt,
Denny Brennan, Frank Stearns, Karl Sylvester, Eric Widen, Doff McEIhinney, Xuefeng Ling. . . ... ...ttt e 398

Implementation of a Digitally Enabled Care Pathway (Part 2): Qualitative Analysis of Experiences of Health
Care Professionals (€13143)

Alistair Connell, Georgia Black, Hugh Montgomery, Peter Martin, Claire Nightingale, Dominic King, Alan Karthikesalingam, Cian Hughes, Trevor
Back, Kareem Ayoub, Mustafa Suleyman, Gareth Jones, Jennifer Cross, Sarah Stanley, Mary Emerson, Charles Merrick, Geraint Rees, Christopher
Laing, ROSAING RaAINE. . . . ..o e e 411

Implementation of a Digitally Enabled Care Pathway (Part 1): Impact on Clinical Outcomes and Associated
Health Care Costs (e13147)

Alistair Connell, Rosalind Raine, Peter Martin, Estela Barbosa, Stephen Morris, Claire Nightingale, Omid Sadeghi-Alavijeh, Dominic King, Alan
Karthikesalingam, Cian Hughes, Trevor Back, Kareem Ayoub, Mustafa Suleyman, Gareth Jones, Jennifer Cross, Sarah Stanley, Mary Emerson,
Charles Merrick, Geraint Rees, Hugh Montgomery, Christopher Laing. . . . ... . e 422

Online Ratings of Urologists: Comprehensive Analysis (€12436)
C Pike, Jacqueline Zillioux, David RAPP. . . . . ..ottt ettt e e e e e e e e 438

Quantitative Ratings and Narrative Comments on Swiss Physician Rating Websites: Frequency Analysis
(e13816)
StUAIt MCLENNAN. . . .ot et e e e e e e e e e 446

A Web-Based Exercise System (e-CuidateChemo) to Counter the Side Effects of Chemotherapy in Patients
With Breast Cancer: Randomized Controlled Trial (€14418)

Angelica Ariza-Garcia, Mario Lozano-Lozano, Noelia Galiano-Castillo, Paula Postigo-Martin, Manuel Arroyo-Morales, Irene
CantarerO-VillanUeEVa. . . . .. ..o e e 460

The Impact of Monetary Incentives on Physician Prosocial Behavior in Online Medical Consulting Platforms:
Evidence From China (e14685)

Dong Jing, YU Jin, JIANWET LiU. . . . . oottt e e e e e e e e e e 474

Overcoming Barriers to Mobilizing Collective Intelligence in Research: Qualitative Study of Researchers
With Experience of Collective Intelligence (€13792)
Van Nguyen, Bridget Young, Philippe Ravaud, Nivantha Naidoo, Mehdi Benchoufi, Isabelle Boutron. . .. ......... ... ... . ... 485

Computerized Quality of Life Assessment: A Randomized Experiment to Determine the Impact of
Individualized Feedback on Assessment Experience (€12212)
Daan Geerards, Andrea Pusic, Maarten Hoogbergen, René van der Hulst, Chris Sidey-Gibbons. . ........ ... ... . . . i i 497

Development and Evaluation of ClientBot: Patient-Like Conversational Agent to Train Basic Counseling
Skills (€12529)

Michael Tanana, Christina Soma, Vivek Srikumar, David AtKins, Zac IMel. . . .. ... e e e 518
Design Guidelines for a Technology-Enabled Nutrition Education Program to Support Overweight and

Obese Adolescents: Qualitative User-Centered Design Study (e14430)
Cynthia LeRouge, Polina Durneva, Savitha Sangameswaran, Anne-Marie GIOSter. . . . ... ... e 531

Journal of Medical Internet Research 2019 | vol. 21 | iss. 7 | p.4

RenderX


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

Brief Motivational Interviewing Delivered by Clinician or Computer to Reduce Sexual Risk Behaviors in
Adolescents: Acceptability Study (€13220)
Taraneh Shafii, Samantha Benson, Diane MOITISON. . . . .. ...ttt e e e e e e e e e e e e e e e 547

The PrEP You Want: A Web-Based Survey of Online Cross-Border Shopping for HIV Prophylaxis
Medications (e12076)

Ben Walmsley, Dan Gallant, Mark Naccarato, Mark Hull, Alex Smith, Darrell Tan. . . . . ... ..o e 558

Cloud Health Resource Sharing Based on Consensus-Oriented Blockchain Technology: Case Study on a
Breast Tumor Diagnosis Service (e13767)
Xiaobao Zhu, Jing Shi, CUIYUAN LU. . . . ..ot e e e e e e e e e e e e e 593

Corrigenda and Addendas

Multimedia Appendix Correction: Technological Innovations in Disease Management: Text Mining US
Patent Data From 1995 to 2017 (e14678)

Ming Huang, Maryam Zolnoori, Joyce Balls-Berry, Tabetha Brockman, Christi Patten, LiXiaYao. . . . ... ..ottt 648
Metadata and Table Caption Correction: What Do Patients Say About Doctors Online? A Systematic Review

of Studies on Patient Online Reviews (e14823)
Y Hong, Chen Liang, Tiffany Radcliff, Lisa Wigfall, Richard Street. . . . .. ... . . e e 650

Journal of Medical Internet Research 2019 | vol. 21 | iss. 7 | p.5

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Fiskeet d

Viewpoint

Data Work: Meaning-Making in the Era of Data-Rich Medicine

AmeliaFiske*?, BA, PhD; Barbara Prainsack®*, MA, Dr Phil; Alena Buyx*, MD, PhD

nstitute for History and Ethics of Medicine, Technical University of Munich School of Medicine, Technical University of Munich, Munich, Germany
2Department of Anthropology, University of North Carolinaat Chapel Hill, Chapel Hill, NC, United States

3Department of Political Science, University of Vienna, Vienna, Austria

4Department of Global Health & Social Medicine, King's College London, London, United Kingdom

Corresponding Author:

AmeliaFiske, BA, PhD

Ingtitute for History and Ethics of Medicine
Technical University of Munich School of Medicine
Technical University of Munich

Ismaninger Stral3e 22

Munich, 81675

Germany

Phone: 49 8941404041

Email: afiske@tum.de

Abstract

In the era of data-rich medicine, an increasing number of domains of peopl€e's lives are datafied and rendered usable for health
care purposes. Yet, deriving insightsfor clinical practice and individual life choices and deciding what data or information should
be used for this purpose pose difficult challenges that require tremendous time, resources, and skill. Thus, big data not only
promises new clinical insights but also generates new—and heretofore largely unarti culated—forms of work for patients, families,
and health care providers alike. Building on science studies, medical informatics, Anselm Strauss and colleagues concept of
patient work, and subsequent elaborations of articulation work, in this article, we analyze the forms of work engendered by the
need to make data and information actionable for the treatment decisions and lives of individual patients. We outline three areas
of datawork, which we characterize asthe work of supporting digital data practices, thework of interpretation and contextualization,
and the work of inclusion and interaction. Thisisafirst step toward naming and making visible these forms of work in order that
they can be adequately seen, rewarded, and assessed in the future. We argue that making data work visible is also necessary to
ensure that the insights of big and diverse datasets can be applied in meaningful and equitable ways for better health care.

(J Med Internet Res 2019;21(7):€11672) doi:10.2196/11672

KEYWORDS
big data; data work; medical informatics; internet; data interpretation; decision support systems

meaningful information for clinical practice requirestremendous
time, resources, and skill. Thus, big datanot only promises new
clinica insights but aso generates new—and largely
unarticulated—forms of work for patients, families, and health
care providers aike.

Introducing Data Work

With health care becoming increasingly data driven, more and
more domains of people’s lives are datafied, that is, they are
translated into aformat that lendsitself to automatic processing
and computation. Examples range from data generated by
individuals using health and lifestyle smartphone apps, the

Building on insights from science studies, medical informatics,
as well as on the concept of patient work and subsequent

digitalization of health records, data from direct-to-consumer
testing or drug trials, to biobanking research and clinical genetic
testing. Data from increasingly diverse sources are thus
rendered, at least in principle, usable for health care purposes.
Yet, deriving insights for clinical practice and individua life
choices, and deciding what data or information should be used
for these purposes, poses difficult challenges. Indeed, it has
been argued that “big datawon’t cure us’ [1]; turning datainto

https://www.jmir.org/2019/7/€11672/

elaborations of articulation work [2-4], inthisarticle, we analyze
the forms of work engendered by the need to make data and
information actionable in the health care context [5]. Doing so
brings the perspective of social and ethical studies of
biomedicine into conversations around digital medicine,
emerging technologies, medical devices, apps, engineering, and
informatics. We outline 3 areas of data work, which we
characterize asthework of (1) supporting digital data practices;
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(2) interpretation and contextualization; and (3) inclusion and
interaction. We argue that it is necessary to hame and make
visible these forms of data work for them to be adequately
acknowledged, assessed, and rewarded. Making data work
visible can also help to ensure that theinsights of big and diverse
datasets can be applied in meaningful and equitable ways for
better health care. Although this paper primarily aims to
highlight emerging forms of work in the era of datarich
medicine that have not been explicitly or comprehensively
considered heretofore, we close by outlining avenuesfor future
practice and policy.

Data Work: A Persistent Challenge for
the Era of Data-Rich Medicine

Emerging Forms of Data Work

Controversies surrounding data use, storage, and sharing
illustrate theimportant ethical questionsthat emerge when data
collection and analyses are applied to new ends. Examplesin
the news abound, for instance, the rise of direct-to-consumer
genetic testing for diseases such as cancer, seen recently through
the example given on Nationa Public Radio of an uninsured
American woman concerned about her risk of breast cancer [6].
Upon reading her results from 23andMe, the woman admitted
feeling less urgency about getting additional testing or
mammograms with her physician—something that geneticists
worry could pose problems for individuals carrying variants
undetected by tests offered by commercial sources, or for those
who receive summary advice from individuals without proper
training, possibly leading to clinical harm in the future. Other
disputes have emerged when health technologies are applied to
new ends, such as the recent identification of the Golden State
Killer in Cdifornia, United States, in April 2018. Detectives
were able to identify the perpetrator by matching crime scene
evidence with a family member’'s DNA profile that the family
member had uploaded to a genealogy website. The incident,
and subsequent admission that private companies have shared
access to their database with law enforcement to find potential
suspects, spurred controversy among experts and the public
over thelegitimacy of using the personal data of volunteerswho
had not consented to such law enforcement applications [7,8].
Controversies such as these—as well as others surrounding
privacy and, for example, the hacking of medical devices [9],
or matters of justice and fairness in algorithms [ 10]—point to
the centrality of data at the heart of negotiations over the public
good; the status of data generated outside of official forums of
science and medicine; and central ethical questions of privacy,
consent, and benefit that are emerging in new configurations
[11,12].

By data work, we are referring broadly to the forms of
technological, anaytical, and emotional work undertaken by
all actorswithin the health care system that is necessary to make
data clinically and personally meaningful. Here, we focus on
the emerging forms of data work undertaken by patients and
health professionals. Thiswork isalready occurring, for example
in the interpretation of direct-to-consumer genetic tests [13],
efforts to improve patient understanding of broad consent in
biobanking [14], or as researchers define proteomic markers of
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risk, such as for ovarian cancer [15], albeit in an often
unrecognized and patchwork manner. Although science studies
scholarship has explored various determinants and conditions
of data production in the health sphere [16-18], the types of
work that are necessary to make diverse forms of health data
actionablein daily life by patients and health professionals have
not been systematically addressed or conceptually analyzed
[19]. Data work is ongoing and constitutes a formidable yet
underresearched challengein the era of data-rich medicine. But
what kinds of work does this entail, and for whom? What
divisions of work or tools would be necessary for addressing
ethical and equitable applications of datain everyday life?

Empirical studies examining the organization and structure of
medical work from asociological perspective[20-24] have been
helpful to draw attention to the often invisible contributions that
patients and their family members maketo all aspects of health
care. However, conceptualizations of such patient work in the
eraof data-driven medicine are, as of yet, largely missing [25].
As debate grows in medicine over how to best actualize
voluminous and diverse datafor better outcomesin health care
[26,27], many of the biggest challenges are of a social, rather
than technical, nature [1]. In this context, more systematic
attention to the waysin which professional and nonprofessional
actorswithin the health care system help, for example, to create
and interpret data, would fill an important gap. In thefollowing
section, we outline and describe three areas of emerging forms
of work that have accompanied the turn toward big data in
medicine, identify who does this work, and sketch potential
ways of addressing concerns that arise in connection with this
work. For each area of data work, we offer one vignette to
illustrate the forms of data work that are already ongoing.
Although the boundaries between these different types of data
work are fluid, we posit that there is analytic value in drawing
out the key features that characterize each activity to see what
challenges they pose and how we might address these.

More Than a Click Away: Supporting Digital Data
Practices

G is excited about a new app that promises to keep
track of his heartbeat, steps taken, and minutes slept,
and to aggregate these data with his weight, blood
pressure, and glucose levels. Yet, after looking at the
Terms of Service, herealizesthat by using the app he
signs the rights to his data over to the company. G
wonders if there is another option. Finding himself
mired in pages of legal ese, he startsto think, “ maybe
I’mjust too uptight—what could they really do with
all this data, anyways?’

Advances in mobile devices have changed how health
information and support services are being accessed,
communicated, monitored, and acted upon [28], offering
potential gainsranging from clinical oncology [29] toimproving
health outcomes for low-income populations [30]. As aresult,
patients create and engage with health data not only in medical
institutions but also in their homes and in other places outside
the clinic, via wearable or portable devices, or other tools.
Patients and health care professionals alike are faced with ever
wider types and larger volumes of data that could potentially

JMed Internet Res 2019 | vol. 21 | iss. 7 | €11672 | p.7
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be relevant for health care, without a clear understanding of the
implications of specific forms of personal data [31]. In the
domain of mobile apps, one form of emergent datawork isthe
work done by patients who search through the fine print of
Terms of Services of new devices and apps to decide whether
or not to use them. Thisis often not easy to do; for instance, the
interests of a company providing a digital health device or
platform might be hard to fathom for a user, posing potential
concerns for individuals who are consenting to data use
agreements for ahealth app, or uploading their medical history
to aWeb portal for arare-disease patient community.

Furthermore, the ability to learn about genetic traits—which
can now be done with ever lower expense on the internet
—raises profound ethical challenges. As Kung and Wu ask, “if
we discover certain genetic risk factors in our genome
sequences, do we (or our hedth care providers) have a
responsibility to inform our family members who might have
similar genetic risks?’ [32]. Privacy matters, and the effects of
new health technologies on future generations all become
important concerns with which individuals have to grapple,
while very little or no guidance may be available. The work
that peopl e are doing when navigating the landscape of available
offers, and in deciding what test they should take and what
behavior they should track in an attempt to maintain or increase
their health, should not be trivialized. There are increasing
expectations that individuals make informed decisions as
responsible managers of their health, and now also as owners
(morally or legally) of their data.

In addition to such new data work for patients, another novel
form of data work emerges for health professionals. This
consists of assisting patients and their families in navigating
thelandscapes of available offersfor tests, devices, and services,
and hel ping them to decide whether they should datafy certain
aspects of their lives and bodies in the first place. This data
work includes engaging patients in conversations about the
implications of their potential data contributions before patients
have had practical experience with these digital practices, and
about whether and how they should consider engaging in certain
activities. Steering patients through the multitude of optionsis
an important yet complex task. Recent studies have also shown
that socioeconomic status, age, English literacy, and digital
literacy all play important roles in the uptake of new mobile
technologies such as health apps [28,29,33] in engaging in
Web-based participatory medical research [34] and in efforts
to counter the digital divide [35-37]. Importantly, these
differences aso influence whose data are missing from the
broader evidence base upon which future decisionsin medicine
might be made [25]. This points to the growing need to ensure
that such digital health practices and technologies do not
exacerbate existing inequalities in society or health and the
critical role that health professionals are called upon to play in
mediating digital engagements.

Looking forward, we thus anticipate that the data work of
professionalsin this spacewill include not only assisting patients
in navigating this digitalized network of health-relevant services
but also assisting those who cannot, or choose not to, engage
digitally [38]. As noted, people who do not make use of digital
tools to collect, view, and share data and information about

https://www.jmir.org/2019/7/€11672/

Fiskeet d

themselves can become missing bodies in today’s health care
environments, meaning that their bodies, needs, and behaviors
remain unaccounted for in decisions made on the basis of new
digital health sources [25,39]. Especialy when the stakes are
so high, neither offering guidance on patient use of digital tools
and new health products nor understanding the advantages and
disadvantages of the many new products on the market every
day is intuitive. To be effective, these activities require time
and appropriate training, which are in very short supply in
today’s time-starved health care environment [40-43].

One possibility, as we have argued el sewhere, to better support
both patients and providers in the era of data-rich medicine
would bethe creation of anew, intermediary profession entirely,
which we have termed health information counselors (HICs)
[44]. With a broad knowledge of various kinds of health data
and data quality evaluation techniques, aswell asanalytic skills
in statistics and dataiinterpretation, our vision isthat HICswould
be trained also in interpersona communication, health
management, insurance systems, and medico-legal aspects of
data privacy. Operating as a clinical consultancy, HICs would
have the ability to translate the complex language of data into
intelligible and actionable information for both patients and
physicians. The creation and implementation of such aspecialty
would enable patients to make educated, truly autonomous
choices about how these novel forms of health data can inform
their personal care decisions. Although certainly not the only
option for addressing the af orementioned concerns, the creation
of this new specialty would go a long way in assisting
individuals such as G from our opening vignette, as well as
health care professionals, to consider their options and make
moreinformed choices about how increasing amounts of health
data and information can or should inform health care.

How to Tell It All Apart: The Work of Interpretation
and Contextualization

A brother informs his sister, L, that he has done a
commercial DNA test that revealed that he could be
a carrier for a particular condition. Because L is
considering having a child with her partner, she
wondersif she should undergo testing, and what this
would mean for their decisions going forward. In
reading the leaflet provided by a company offering
the testing, she is not sure what is meant by the
information that carrier reportsmay vary in detection
accuracy by ethnicity (L has Ashkenaz heritage), and
that carrier testing does not include all possible
variants for a given condition. L wonders. “ What
would thisinformation mean for me personally? Who
could | ask about this?” Sheisunsureif her primary
care physician is the right person to ask, and who
€lse she could turn to.

Testing practices such asthe one described in this vignette have
become a means through which individuals understand
themselves and their relationship to society. For some patients,
the quantified self can allow peopleto see new patterns or make
changesintheir lives: counting steps might lead oneto take the
stairs, and tracking sleep patterns might lead another to try and
get an extrahour of deep. For others, finding out the percentages
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of one'sglobal ancestry or likelihood that they could beacarrier
for a genetic condition represents personally significant
information. Yet, the effects of health-related data and
information are often difficult to anticipate and understand.
Randomized controlled trials have studied the clinical impact
of patients' use of mobile and digital health tools, such as the
effectiveness of smartphone apps for weight loss and
self-applied therapies [45-47]. Other studies have shown the
necessity of looking at patient experience of digital tools to
understand how mobile health affects self-management of
chronic conditions or changes in well-being [48-50]. In some
cases, certain forms of health information may have personal
utility for some people even if they lack clinical utility [51].
Overal, such research shows that further work—such as
prescreening or offering handson assistance and
consultation—is needed to turn a health app or Web-based
service such as direct-to-consumer testing into a meaningful
tool for an individual patient [52].

Data science holds the potential to offer important predictive
and diagnostic information that can be used to improve decisions
taken by clinicians to reduce error or support estimates, such
as the likelihood of medication adherence or organ rejection
[53,54]. Yet, from body temperature to steps taken, heartbeats,
and hydration levels, it is not yet clear what the biometric data
collected via devices such as wearables or smartphones will
mean for medical practice and health practitioners. The same
is true for nonmedical grade testing services. Both the quality
of the dataand the possibilities of datainterpretation are relevant
here. Commercial devices are often not calibrated to the
standards of medical grade devices, particularly if not used
exactly as intended, which means that data collected through
them cannot be used as reliable evidence for health care
decisions. Internet communities and appsthat offer peer-to-peer
support can also be problematic when inaccurate or purely
anecdotal information is shared, for example, how-to-hack
Web-based tutorials or the increasing use of YouTube as a
platform for disseminating misleading health information or
offering problematic interpretations of existing data on
conditions such as anorexia and bulimia [55-58].

The complex task of discerning irrelevant, unreliable, or
mideading health information from relevant, valid, and clinically
actionable personalized health resources and then interpreting
and contextualizing these for specific patients and their families
is emerging as a significant, and time-consuming, activity for
health care providers. In our survey of health professionals
working in the region of Schleswig-Holstein, Germany,
providers expressed repeated concerns about the increasing
amount of time devoted in patient encountersto explaining why
data from a Web-based genetic test are not relevant, or why a
novel therapy reported on a patient community website is not
the best choice for a family member [59]. These findings are
echoed by recent reports that have pointed to the need for new
and improved decision aids to situate the most personally
relevant and high-quality digital tools for patients [28,60].
Although some standardization work regarding this issue is
currently undertaken by groups such as the Consumer
Technology Association, the creation of new devices, apps, and
programs and the demands these pose regarding data
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interpretations and contextualization continues to exceed
regulatory processes and physician workloads.

In this context, data work includes deciding which data or
information are reliable and relevant for a given context of a
specific patient—including contexts outside of the clinic—to
decide which intervention, tool, or device might be appropriate
or helpful in a given situation, or in future. Again, thisis a
complex task. For example, discerning whether databrought in
by patients derived from commercia or hacked devices can be
clinically relevant involves researching devices, analyzing the
information they collect, and deciding if, and how, the
information generated could be used to inform individual case
decisions. In some instances, such data work could include
contacting the company producing the device for more
information, or seeking out additional resourcesto evaluate the
reliability of the data generated. The same is true for
commercialy available genetic testing, or the results derived
from nonstandard forms of research occurring on patient
platforms, such asin some citizen scienceinitiatives [61].

The work of contextualization also increasingly extends to the
analysis of the algorithms used to produce data in the health
care context. Algorithmsare neither * objective’ nor intrinsically
neutral and they can exacerbate societal inequities.
Biases—regarding race, gender, educational status, body mass
index, and so on—are programmed into systems, and the
characteristics of datasets that these systems use to learn might
reproduce inequities [10,62]. As more and more parts of our
lives are being datafied, there is an increasing need for
contextualization of the health data gained through Web-based
tests, mohile, and digital technologies[63]. Thisincludes making
the context of data explicit, and asking questions such as: What
data was collected, from whom, and how? What do these data
represent, and what do these leave out? How has it been made
legible for computation, and what has been lost or gained in the
process? Such questions are increasingly necessary given the
growing ubiquity of domains of everyday life being understood
through computational practices. All of the above forms of
evaluation require a significant degree of anaytical and
computational literacy and reflection on whether a particular
process of meaning-making relies on evidence that is accurate
and reliable in a technical sense, if it is mostly personal and
socia, or if it isindeed faulty or misleading [64].

Patients, in addition to health care professionals, are also
increasingly participating in specific forms of work, including
outside of clinical settings. Thisisthe case, for example, when
patients do internet searches and seek assistancein making sense
of reports or articlesfound on the internet, thus engaging in the
work of sorting, interpreting, and analyzing diverse and often
competing sources of information. Often this type of work is
undertaken by family members or caregivers to support a
patient’s health care choices. Thework of contextualization will
remain apersistent challengein yearsto come as more devices,
apps, health-related services are offered to individuals outside
the supervision of medical professionals. As an areathat isin
need of robust investigation and public debate, it would be
productive to have greater involvement by scientific and
academic societies in conducting and sharing analysis of how
data can and should be used. Although some of this work is
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already ongoing, such as recent reports addressing the
opportunities, risks, and ethical questions associated with use
of good artificial intelligence (Al) in health care, or developing
specific suggestions that can be taken up by stakeholders and
policy makersat national and international levels[65,66], further
work is needed on different aspects of the use of big data in
medicine. By fostering greater debate, and providing material
that is available for lay readership to engage with the stakes of
their data engagement, academic scholarship can better support
digital literacy in this area.

Facilitating Conver sations About Aimsand Interests:
The Work of Inclusion and Interaction

Upon entering the hospital for an inpatient stay, P,
an elderly patient, isasked to opt-in to theingtitutions
efforts to improve efficiency and calculate predictive
health and frailty scores for patients [67]. P is not
surewhat thismeans, or how his personal information
will be stored and used in the future. [67]

The prior areas of data work that we have outlined have
emphasized the need for a strong awareness of what new data,
tests, and technologies are available and how they work.
Data-rich medicine highlights a number of ethical issues[11],
not least of which is the cross-cutting work of addressing
different aims, goals, and interests. As data are increasingly
accessible, distributed, revealing, and reidentifiable, ethical
concerns pertaining to digital health, large datasets, and
precision medicine are multiplying, including issues of consent,
protecting participant privacy concerns, and maintaining public
trust [68]. Given that many of data-driven practices track new
territory in health, questions of power asymmetries and
social-economic value are emerging with new relevance[12,69].
An important form of data work thus involves fostering
conversations with and across stakeholder groups around these
concerns.

As precision medicine moves away from one size fits all
approaches to treatment, machine learning approaches are
increasingly improving the ability to target patientsfor specific
treatments, such asin the use of DNA methylation to subclassify
tumors of the central nervous system [70]. The potential of this
work to improve personalized therapies through the use of
mathematical models is great, yet both the perceived benefits
and the social, economic, and health-related concerns vary by
actor [71]. In other words, aprovider will likely have adifferent
set of investments in the technology, research, and treatment
outcomesthan agiven patient, ahospital chief executive officer,
a pharmaceutical company, or an interested member of the
public. A patient might be most concerned about loss of privacy,
discrimination, or stigmatization (albeit also interested in disease
prevention and better treatment), whereas company
representatives might be uneasy about losing exclusive access
to datasets and find themselves at odds with community
members committed to principles of open access. Thus, acentral
aspect of data work is creating the spaces for interaction and
facilitating conversations between differently motivated parties,
such as assisting one actor to understand the concerns of another,
or finding novel ways to address specific concerns around
discrimination, privacy, or equity.
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In the digital era, privacy concerns take on a different
configuration than in the paper age [72]. Data work in the
context of privacy is not limited to ssimply informing patients
of what happens with their data and information once it has
been collected but includes moving beyond the widely accepted
ethical principle of respecting patient autonomy [ 73] to including
patients in decisions over what type of information will be
collected about them in the first place, and to what end. The
General Data Protection Regulation (GDPR) introduces
protectionsthat began in 2018 across the European Union (EU;
including the United Kingdom), but outside of the EU, thereis
little agreement on regulatory standards for digital health tools
or data protection in research, databanks, and big data
[61,74-77]. Despite the overall objective of European
harmonization, the GDPR gives member states leeway, for
instance, in determining whether patient consent isrequired for
secondary data use in medical research, and in which form
[74,78]. These national differences have various practical and
normative consequences, most of which have not yet been fully
analyzed, aswell asdifferent implicationsfor research practice
across member states. Legidlation in countries where data
protection is sector specific, rather than general, such asHealth
Insurance Portability and Accountability Act (HIPAA) in the
United States, has addressed data privacy and security concerns
relating to medical information since 1996. Subsequently, the
HIPAA omnibus rule of 2013 modified the Act to meet
guidelines set by the Health Information Technology for
Economic and Clinical Health in 2009. Such efforts have
expanded the extent of HIPAA beyond providers and insurance
companies to also consider the role of business associates.
However, even though concerns surrounding patient privacy
and the reuse of health information have long been an important
topic, the ability of existing regulation such as the GDPR or
HIPAA to fully address the concerns emerging in the age of big
data remains unknown [79]. We highlight here that the forms
of data work we identify can pose particular challenges for
privacy, including: the rapid rate of digital innovation; that
decisions need to be made on both on the individual and societal
level about which aspects of everyday life should be captured
by datain thefirst place; that harm can occur from data use that
isnot necessarily illegal [80]; aswell asbroader concerns about
data privacy protection legidation.

How to effectively engage a range of stakeholders, including
patients, providers, researchers, and insurance companies in
these data work concerns, is an ongoing discussion in both
clinical practice and biomedical research [81-83]. One critical
area of data work for health care providers and researchers is
holding conversations with patients about data collection and
privacy to better understand theimpact of collecting anonymized
patient health data in research [14,84]. Data work includes
ensuring that patients are party to the decisions about what
information will be included in their records, who the
gatekeepers for this information are, and for which goals and
for whose benefit thisinformation will be used beyond therealm
of individual-level health care decisions. It iscritical that these
discussions include reflections on how data could potentially
bereused inthefuture, for example, the use of predictive health
and frailty scores by insurance companies as mentioned in the
vignette, aswell astheidentification of potential protectionsto
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guard against uses of datathat could be harmful or exclusionary
to patients. Specific conditions of access, reuse, and
reidentification need to be identified and continually updated
in light of new digital advances.

In particular, digital technol ogiesrai seimportant questions over
the access of personal information. Each patient’s needs and
interests are influenced by their human, natural, and artifactual
environments. An individual’s decision to access his or her
electronic health records or use a Web-based genetic testing
service isnot just a choice made by an atomistic individual but
an act shaped by the person’s family ties and social relations,
his or her connection to others, and the country in which he or
she lives [85]. For example, an individual may want to share
and discuss this health information with his or her partner or
children [82]. This decision to share and discuss information
received is not an afterthought but may well have shaped the
decision to obtain information in the first place [86]. Thislayer
of dyadic or multilateral forms of decision making can vary
significantly across cultural contexts.

In sum, joining distinct datasets from different types, locations,
and ethical standards adds additional layers of deliberation to
well-rehearsed ethical considerations. Recognition and fostering
dialog around aims and goals and the more complex, potentially
shared nature of decision making in the era of big data is a
critical form of data work. However, how this can be achieved
when data are held in dispersed locations and are diverse in
nature is entirely unclear. It will require close communication
between the patient and the health care provider to ensure that
the built-in decisional pathways offered by data-driven practices
do not eclipse individual priorities. One potential way of
addressing this concern is to reconsider existing methods for
ensuring patient privacy and protection and addressing them
through regulatory measures, for example through the GDPR

Table 1. Outline of various types of data work with examples.
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in Europe. According to the GDPR, for persona data to be
processed lawfully, either individual consent is required, or a
legal authorization has to apply. The most relevant legal
authorization in the medical context is the research exemption
(Article 89). However, particularly in view of international
research collaborations, further work is necessary on how GDPR
is implemented across individual countries. To provide an
example, in line with Article 89, Germany now allows data
processing of pseudonymized data for scientific or historical
research purposes or for statistical purposes, at least primafacie,
without requiring individual consent. However, neither clear
guidance exists as of yet for how these purposes are exactly
delineated nor have studies been conducted on how this new
legal provision has penetrated research practice and how effects
differ from countries that are more restrictive. Countries that
have long-term experience with more permissive approaches,
such as broad or blanket consent (eg, the United Kingdom) and
the processing of genetic data should help to anticipate the
implications of the novel practice and to raise the standards for
how informed consent can be better operationalized in light of
the concerns of big data—also in areas outside of Europe [87].

Who Does Data Work: Patient Work 2.0?

The different kinds of technological, intellectual, social, and
emotional work sketched here mean that patients, their families,
caregivers, and other health care providers will be faced with
an increasing range of tasksin the domain of health care, which
we have summarized in alist (Table 1). Thislist of tasksis not
meant to be exhaustive but rather to make explicit some of the
principal kinds of work involved in making data matter
medically. Many of these concerns overlap; we expect that new
forms of expertise will continue to emerge along with clinical
and technological advances.

Types of datawork Why is this work needed?

Examples of datawork in practice; ongoing and possible
in the future

Supporting digital data
practices

The work of interpretation
and contextualization

The work of inclusion and
interaction

Engagement with health dataisincreasingly taking place
outside the clinic, and it can also create digital divides,
traditional means of managing and evaluating data are in-
creasingly not suited to meet theredlities of the digital age;
persistent difficulties in assessing accuracy and appropri-
ateness of diverse, unvalidated forms of health data.

Unclear what biometric data collected via devices such as
wearables or smartphones will mean for medical practice;
misleading or false health information is often shared on
the internet; the algorithms that produce data are neither
objective nor intrinsically fair; the full implications of di-
verse, unregulated health information are often difficult
for usersto discern or anticipate.

Dataareincreasingly accessible, distributed, revealing, and
reidentifiable, creating new ethical concerns; perceived
benefits of the data-driven medicine and the socia, econom-
ic, and health-related concernsvary by actor; patient expe-
rience of digital tools affects self-management of chronic
conditions and well-being.

Patients research and consider the implications of data;
health practitioners assist in navigation of datarelation-
ships; creation of guidelinesfor how to evaluate new digital
technologies or assess internet sources; identification of
how digital interaction can create new patternsof exclusion.

Expert guidance on how to decide which devicesand result-
ing data are reliable and relevant for a given context; re-
search on reliability of commercial devices; provision of
prescreening and assistance to make digital health tools
meaningful for individua patients; identification of biases
built into algorithms of datasets, devices, and models.

Support for patients in determining their priorities, needs,
and wisheswith regard to their digital health activitiesand
data collection and use; facilitation of conversations be-
tween differently motivated parties about aims, goals, and
interests.

Yet what is clear is that the problems accompanying these  of who should betasked with theincreasing interpretation needs

demands are currently underappreciated. Thisraisesthe question
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often imply that doctors should or will take on this work, as
reflected in frequent callsfor better genomic or dataliteracy for
health care professionals. In the past decade, there have been
numerous calls for more training in severa of the domains
mentioned above, such as ethical concerns surrounding the
communication of genetic data and related health risks to
patients [42], or counseling patients about the advantages and
pitfalls of Web-based or commercial sources of health
information [69]. Some, such as Celi et al, call for increased
training of medical students and residents in order to “creat[€]
a medical culture that is aware of and respectful of the
importance and potential power of data for supporting and
improving both practice and research may be the most important
and ultimately effective element” [53]. At the moment, although
health care professionals are seen as the first in line to take on
this additional work, allowances are not made in schedules or
training to accommodate meaningful engagement with the social
complexities of datain medicine. Even if actors find the time
to engage in the various types of datawork, not al can acquire
the necessary skills. Finally, many of the tasks described above
take place outside health professionals sphere of influence
entirely.

Throughout this paper, we have proposed a few possible ways
of addressing the emerging forms of datawork identified here,
ranging from the creation of anew profession dedicated to help
both patients and providers assess and understand diverse kinds
of health data, to greater involvement and creation of guidelines
by scientific and academic societies, to raising expectations
through regulatory frameworks for how mechanisms such as
informed consent are operationalized across novel research
practices. However, none of these approaches alone will be
sufficient for taking on the myriad aspects of datawork that we
have outlined, as well as those that will continue to emergein
the future. Although the focus of this paper has been on the
identification of the contours of the phenomenonwearecalling
data work, further attention is needed to analyze and consider
other solutionsfor addressing these concerns. Importantly, some
aspects of data work can neither be delegated to professionals
nor addressed completely through better guidelines or greater
public discourse. Hence, the current landscape of big data in
medicine remains open for new proposals, such as how such
work can or should be acknowledged or even reimbursed. What
other  tools—conceptual, analytic, instructive, or
collaborative—would be helpful for navigating increasingly
complex datause? What would be afair division of work?What
responsibilities should corporations using health data have,
beyond compliance with data protection regul ations? Our intent
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is that by making these forms of work more explicit and
transparent, more appropriate ways of addressing datawork can
be devised in future.

Conclusions

In addition to the established challenges surrounding data
collection, storage, analysis, and security, pressing questions
have arisen around: how to enable the appropriate use of
technologies and engagement with health data outside of the
structured environment of health care; what the utility, quality,
and possibilities of data collected from wearable devices or
smartphoneswill befor clinical practice; strategiesto avoid the
digital health divide; how to distinguish data noise from
clinicaly actionable health resources for patients, how to
contextualize health data gained through Web-based tests or
digital technologies; and how to foster conversations
surrounding the ethical concerns of big data between different
stakeholders in health care and society. Of course, the various
forms of work included within the categories of supporting
digital tool use, contextualization, and inclusion and integration
cannot be neatly disentangled. Conversations between different
actorsin the health care domain are necessary to determine what
types of dataand datause arefeasible, ethical, and cost-effective
in particular situations. Although we expect that Al applications
such as deep learning will be of great help in matters such as
theinterpretation of data, the analysis above has shown that the
task of interpretation is not something that can be devolved to
machines entirely.

A critical thread that runs throughout the forms of data work
identified here is that of context: data work does not involve
guestions of absolutes but rather of contingencies. What is
relevant, important, or significant for one individual may not
apply to the next. Data, just like the experience of health and
illness, are profoundly dependent upon the social world in which
they exist. As we have shown in this paper, the turn toward
data-rich health care has created new forms of data work and
expertise. Data work needs to be named and recognized as the
human endeavors that make digital advances meaningful in
medicine. We argue that greater attention is needed for the very
craft of deriving choices, narratives, and practicesfrom our data
and that the current medical system is not equipped to take on
thischallenge aone. If thegreat potential of data-rich medicine
to improve future clinical care is to be realized, the new data
work that patients, health professionals, and other actors
increasingly contribute must be recognized as an important and
multifaceted task.
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Abstract

Background: Nonprofessional carerswho provide support to an individua with apsychiatric or neurological disorder will often
themsel ves experience symptoms of stress, anxiety, or low mood, and they perceive that they receive little support. Internet-based
interventions have previously been found to be effective in the prevention and treatment of a range of mental health difficulties
in carers.

Objective: This review seeks to establish the status of internet-based interventions for informal (nonprofessional) carers of
people with psychiatric or neurological disorders by investigating (1) the number and quality of studies evaluating the efficacy
or effectiveness of internet-based carer interventions and (2) the impact that such interventions have on carer mental health, as
well as (3) how internet-based interventions compare with other intervention types (eg, face-to-face treatment).

Methods: A systematic literature search was conducted in January 2019 using the EMBASE (1974-present), Ovid MEDLINE
(1946-present), PsychARTICLES, PsychINFO (1806-present), and Global Health (1973-present) databases, via the Ovid
Technologi es database. Search termsincluded carer, caregiver, online, technology, internet-based, internet, interactive, intervention,
and evaluation. Studies selected for inclusion in thisreview met the following predetermined criteria: (1) delivering anintervention
aimed primarily at informal carers, (2) carers supporting individual s with psychiatric disorders, stroke, dementia, or brain injury,
(3) theintervention delivered to the carerswas primarily internet based, (4) the study reported apre- and postquantitative measure
of carer depression, anxiety, stress, burden, or quality of life, (5) appeared in a peer-reviewed journal, and (6) was accessiblein
English.

Results: A total of 46 studies were identified for inclusion through the detailed search strategy. The search was conducted, and
data were extracted independently by 2 researchers. The majority of studies reported that 1 or more measures relating to carer
mental health improved following receipt of arelevant intervention, with interventions for carers of people with traumatic brain
injury showing a consistent link with improved outcomes.

Conclusions: Studiesinvestigating internet-based interventionsfor carers of individuals with diverse psychiatric or neurological
difficulties show some evidence in support of the effectiveness of theseinterventions. In addition, such interventions are acceptable
to carers. Available evidenceis of varying quality, and more high-quality trials are needed. Further research should also establish
how specific intervention components, such as structure or interactivity, contribute to their overall efficacy with regard to carer
mental health.

(J Med Internet Res 2019;21(7):€10876) doi:10.2196/10876
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Introduction

Background

Nonprofessiond (or informal) carersareindividual swho provide
free-of-charge care for another person (usually afamily member
or friend), who would find it difficult to cope without the carer’s
support. Informal carers play a crucia role in providing both
practical and emotional care for individuals with a wide range
of difficulties, including physical and mental health difficulties,
disabilities, or addictions. It is estimated that during 2015, 6.8
million people in the United Kingdom provided unpaid care to
a close other, a 16.5% increase from 2001, reflecting an
economic value of £132 hillion of informal care per year, almost
doublethevaluein 2001 [1]. In addition, the support of informal
carersmay reduce and delay hospital admissions|[2], thusfurther
reducing the burden on health care systems.

It has been widely documented that caring for aloved one with
a long-term illness can have a multitude of effects on the
informal carer, including increased levels of perceived burden
[3], feelings of entrapment, shame, guilt [4], and higher rates
of physical symptoms, such as fatigue, headaches, and weight
loss [5]. It is important to recognize that disorder- or
patient-related factors can profoundly impact carers’ experience
of caregiving. Such factors may include the nature and severity
of different symptoms, societal reactions, and certain
pathologies, which may vary widely both within and between
disorders. For example, when comparing carers of people with
schizophrenia and carers of people with long-term physical
disorders, levels of subjective burden were found to be higher
in carers of people with schizophrenia and brain diseases than
in other groups [6]. Furthermore, levels of social support
availableto carers of individual swith schizophreniawere found
to belower than for carers of individual swith physical disorders.

In addition to the differential impact that various diagnoses and
symptoms can have on carer difficulties, it is also important to
consider how individual differences in perceptions of burden
affect the experience of caring. Caregiver |dentity Theory [7]
posits that the main source of carer distress is identity
discrepancy—the disparity between the activities they are
required to carry out as a carer and their own views of self (or
identity standard). This may explain why there is a wide
variation in perceived burden or distress in carers who, on the
faceof it, arerequired to carry out similar caring responsibilities
(eg, carers of people with dementia), and it may be a helpful
dimension to explore when considering possible interventions
or support plans. A range of carer-focused face-to-face
interventions, often delivered in group formats, have been found
to reduce psychological distress and improve the quality of life
of individuals caring for people with severe mental health
difficulties [8]. However, some carers may find it difficult to
attend regular appointments because of time constraints, or they
may have concerns regarding privacy or stigma [9].
Internet-based interventions have been found to be effective in
prevention and treatment of a range of psychiatric disorders,
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including depression [10], anxiety [11], posttraumatic stress
disorder [12], and eating disorders [13]. As carers often
experience elevated levels of depression and stress, as well as
reduced general well-being [14], internet interventions to
improve carers own mental health should be considered as a
potentially viable option. Previous reviews of the impact of
internet-based interventions on carer distress have focused on
carers of people with a broad range of mental and physical
disorders (including dementia, cancer, mental health difficulties,
and hip fractures), and they have reported positive or mixed
findings [15,16]. In contrast, this review focuses specifically
on carers of people with psychiatric disorders, neurological
disorders (dementia, stroke), or brain injury. We decided to
restrict our inclusion criteriato carers of individuals with these
disorders specifically, as the burden of caring for someone
whose primary difficulty relatesto hisor her cognitive abilities
or mental health may be very different from that of caring for
someone whose condition primarily impacts on his or her
physical health (eg, cancer). Some studies focus on whether
internet-based interventions can hel p increase carers’ knowledge
of their loved one's disorder [17] or teach them relevant skills
to manage or change their loved one’s behavior—for example,
children with attention-deficit hyperactivity disorder (ADHD)
[18].

Objectives

Although improving carer knowledge and skills is important,
thisreview focuses on whether internet-based interventions can
improve carer mental health, and thisreview hastherefore only
included studiesthat measure aspects of this, such as depression,
anxiety, stress, burden, or perceived quality of life. Specifically,
this review seeks to establish the status of internet-based
interventions for informal carers of people with psychiatric or
neurological disorders by investigating (1) the number and
quality of studies evaluating the efficacy or effectiveness of
internet-based carer interventions and (2) the impact that such
interventions have on carer mental health, (3) as well as how
internet-based interventions compare with other intervention
types (eg, face-to-face treatment).

Methods

Eligibility Criteria

The papers selected for inclusion in this review met the
following predetermined criteria: (1) delivering an intervention
aimed primarily at informa (nonprofessional) carers of (2)
children or adults with psychiatric disorders, stroke, dementia,
or brain injury; (3) the intervention delivered to the carers was
primarily internet based, (4) the study reported a pre- and
postquantitative measure of carer depression, anxiety, stress,
burden, or quality of life, (5) appeared in a peer-reviewed
journal, and (6) was accessiblein English. Studieswere excluded
if the intervention was aimed exclusively at the patient rather
than the carer. Papers exclusively reporting other measures of
intervention efficacy (eg, increase in carer knowledge) were
also excluded from this review.
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I nformation Sources

A systematic literature search was conducted in January 2019
using the EMBASE (1974-present), Ovid MEDLINE
(1946-present), PsychARTICLES, PsychINFO (1806-present),
and Globa Health (1973-present) databases, via the Ovid
Technologies database. Searches of reference lists of articles
listed in this review, as well as relevant review papers, were
also conducted. A total of 5 papers identified in the literature
search, which could not be obtained, were requested from their
authors via ResearchGate. Of these, 2 authors responded by
sending the full text of their study to be assessed for eligibility.
The search was limited to papers that could be accessed in
English.

Search Strategy

Search terms were the following; (carer OR caregiver OR
care-giver OR carers) AND (online OR on-line OR technology
OR internet-based OR interactive OR internet) AND
(intervention OR evaluation). This search strategy returned 46
studies that met each of the inclusion criteria detailed above.

Data Collection Process

A data extraction sheet (adapted from the Cochrane Consumers
and Communication Review Group’s data extraction template)
was devel oped and pilot tested on 5 randomly selected studies
to beincluded in the review and refined accordingly following
the pilot testing. Data were extracted from the included studies
by 1 study author (LS) and checked by a second author (RP).
Disagreements between reviewerswere resol ved by consensus.
No authors were contacted for further information.

Dataltems

For each study within the review, we extracted participant
characteristics (number per study arm, average age, and gender),
details of the internet-based intervention (including intervention
name, content, average number of sessions, and duration), and
details of the control group where applicable. Regarding study
findings, we extracted dataregarding the statistical significance
of quantitative findings of carer psychological health and the
time points at which outcome data were collected. In addition,
we identified the primary outcome(s) where this was specified
and extradataregarding any qualitative findingswith particul ar
relevance to carer outcomes and mental health.

Rating Evidence of Intervention Effectiveness

Each of the studies included in the review was rated on the
effectiveness of theintervention employed, in terms of the extent
to which the intervention had a statistically significant impact
on outcomesrelating to carer depression, anxiety, stress, burden,
or quality of life. Studies were given 1 of 3 ratings:

« Intervention shows clear association with positive outcomes
relating to carer depression, anxiety, stress, burden, or
quality of life (half or more outcome measures show
statistically significant and positiveimpact of intervention).
Effectiveness of intervention score=3.
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«  Intervention shows some association with positive outcomes
relating to carer depression, anxiety, stress, burden, or
quality of life (fewer than half, but at least one outcome
measure show(s) statistically significant and positiveimpact
of intervention). Effectiveness of intervention score=2.

- Intervention showsvery little or no association with positive
outcomes relating to carer distress, anxiety, stress, burden,
or quality of life (no outcomes showing a statistically
significant and positive impact of intervention).
Effectiveness of intervention score=1.

Risk of Biasin Individual Studies

Risk of biaswithin individual studies was rated independently
by 2 researchers (LS and RP). Studies were assessed using a
scale developed previously to evaluate risk of bias and study
quality inareview of interventionsfor individualswith anorexia
nervosa (AN) [19]. A table displaying the risk of bias of each
individual study can be found in Multimedia Appendix 1.
Randomized controlled trials (RCTs) were given a rating out
of 20 (the total number of items). RCTsreceiving a score of 14
or over were deemed to be high quality, RCTsreceiving ascore
of above 8 and below 14 were deemed to be of moderate quality,
and RCTs studies receiving a score of 8 or below were deemed
to be low quality. Studies that did not employ an RCT design
were rated on the 13 items of the scale relevant to non-RCTSs.
Of these non-RCT studies, those receiving ascore of 10 or over
were deemed to be high quality, those receiving a score of above
6 and below 10 were deemed to be of moderate quality, and
those receiving a score of 6 or below were deemed to be low
quality. Disagreements were resolved by discussion. Of the 46
studies identified for inclusion in the review, 16 RCTs and 0
non-RCTswererated ashigh quality, 11 RCTsand 6 non-RCTs
were rated as moderate quality, and 2 RCTsand 11 non-RCTs
were rated as low quality.

Study Selection

Eligibility assessment for each study to be included in the
systematic review was performed independently by 2 reviewers
(LS and RP), using the €ligibility criteria detailed above.
Disagreements between reviewerswere resol ved by consensus.
A search of EMBASE, Ovid MEDLINE, PsychARTICLES,
PsychINFO, and Global Health returned atotal of 3458 studies.
A total of 5 additional citations were identified through
searching the reference lists of relevant papers. After a
preliminary screening, the full text of 238 articles were
examined in detail, of which 192 were excluded. Reasons for
the exclusion of the studies examined in detail can be found in
Table 1.

Agreement between the 2 reviewers during the selection of
abstracts, as measured by Cohen kappa, was 0.860, and
agreement during selection of full textsfor inclusion was0.892,
both of which are regarded as excellent. A total of 46 studies
met inclusion criteria and were included in the review. A flow
diagram detailing the selection of studies for inclusion can be
found in Figure 1.
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Table 1. Reasons for exclusion of studies examined in detail (n=192).
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Reason for excluding study

Studies excluded, n (%)

Review article
Does not report an intervention

Quialitative data only

Carer recipient not suffering from mental health, dementia, stroke, or brain injury

Unable to access
Not available in English

Not an article in a peer-reviewed journal

Does not report pre/post measure of burden, stress, depression, anxiety, or quality of life

Study protocol
Does not report an internet-based intervention
Intervention aimed at sufferer rather than carer

Professional caregivers

27 (14.1)
10 (5.2)
16 (8.3)
22 (11.5)
12 (6.25)
4(2.2)
28 (14.6)
25 (13.0)
11(5.7)
29 (15.1)
6(3.1)
2(1.0)

Figure 1. Flowchart of study selection for the review.

E Records identified through Additional records identified
E database searching through other sources
£ (n=3458) (n=5)
=
=
':: 4
Records after duplicates
o removed
= (n=3130)
: l
]
7]
Records screened Records excluded
(n=3130) (n=2892)
:ﬁ: Full-text alT_iC_ICS assessed for Full-text articles excluded, with
= eligibility = reasons
(n=238) (n=192)
E Studies included in qualitative
El synthesis
E (n=46)
Results studies were identified [18,20-30]. For the purpose of this
review, studies are grouped and presented below by specific
Study Quality disorder (AN, Schizophrenia or Schizoaffective disorder,

Of the 46 studiesidentified for inclusioninthereview, 16 RCTs
and 0 non-RCTs were rated as high quality, 11 RCTs and 6
non-RCTs were rated as moderate quality, and 2 RCTsand 11
non-RCTswererated as low quality.

Psychiatric Disorders

Studiesregarding carers of individual swith psychiatric disorders
are summarized in Multimedia Appendix 2. A total of 12 such
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ADHD, and studies describing mixed mental health difficulties).

Anorexia Nervosa

A total of 2 RCTs explored the efficacy of a sequential,
8-modular (with participants completing approximately 1
module per week) internet-based intervention (Overcoming
Anorexia Online; OAO), based upon a systemic, cognitive
behavioral therapy (CBT) framework, in supporting carers of
adults with AN. In a study rated to be of high quality, in a
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comparison of carersreceiving OAO to those receiving support
asusual from the charity B-eat, OAO wasfound to reducelevels
of carer anxiety and depression to a greater extent than support
asusua [20]. In alater study, rated to be of moderate quality,
the OAO intervention with clinician guidance was compared
with OAO without additional guidance [21]. No significant
improvements were found in either group over time, regarding
carer anxiety, depression, or stress. I[mprovements over time
were observed across other measures (including negative
experiences of caregiving and intrusiveness), although some of
these improvements were observed in the group receiving
clinician guidance, and some were observed in the group that
did not receive guidance.

Depression

In a high-quality RCT, participation in a self-management
intervention, “E-care for Caregivers’, for a period of 6 weeks
[22] was not found to be associated with a decrease in carer
distress. However, the intervention was rated as user friendly
by participants, indicating that the further development and
implementation of internet-based interventions may be
acceptable to carers of individuals with depression.

Schizophrenia and Schizoaffective Disorder

The efficacy of atelehealth intervention (“The Schizophrenia
Guide”) of 3 monthsduration, for individual swith schizophrenia
(or schizoaffective disorder) and their carers, was compared
within an RCT with care as usual, in a study considered to be
of moderate quality. No between-group differenceswere found
with regard to levels of perceived carer stress. However,
individuals with schizophrenia allocated to the intervention
group were found to display reduced stresslevels[23]. Another
study investigated the efficacy of ainternet-based, multifamily
intervention [24], compared with support as usua in a
quasi-experimental trial, with the interventions delivered over
aperiod of 12 months. This study also did not find a significant
difference in levels of carer distress between intervention and
control groups. However, family relationship stress improved
over time in the intervention group, and the majority of users
expressed high levels of satisfaction with the internet-based
intervention.

Attention-Deficit Hyperactivity Disorder

A smal case series (n=8) investigating the impact of an
8-session, psychoeducational parenting program, delivered via
videoconferencing, found improvementsin both parent distress
and child behavior over time[18]. In arecent study, 6 sessions
of behavior training delivered over an intervention period of 25
weeks via videoconferencing technology was compared with
the same intervention content, delivered in person to participants
[25]. Carers alocated to the videoconferencing group did not
report improvementsin their own mental health, whereasthose
inthein-person group did. Familiesin both conditions reported
similar levels of improvement in their child's level of
functioning and comparabl e satisfaction.

Mixed Mental Health Difficulties

Stjernswdrd and Hansson [26], in ahigh quality RCT, compared
a 10-week internet-based mindfulness program with await-list
control, in adult carers supporting people with awide range of
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diagnoses (including depression, anxiety disorders, psychosis,
and autism spectrum disorders), and they found that, in addition
to an improvement in mindfulness, those in the intervention
group also reported a reduction in perceived stress and some
aspectsof quality of lifeand carer burden. In addition, the same
authors reported results of a prepost comparison, in which
participants completed an 8-week internet-based mindfulness
program [27]. Similarly to the results of their RCT,
improvements were found in carer quality of life and burden,
perceived stress, and mindfulness. These improvements were
largely maintained at 3-month follow-up. In their most recent
study, these authors reported the effectiveness of a similar
internet-based mindfulness program on alarge number (n=398)
of carers of people with mental or somatic illnesses [28].
Improvements in carer stress were again found in the
intervention group at 8 weeks, maintained at foll ow-up. Within
the experimental group, burden was found to decrease from pre
to follow-up on both the objective and subjective subscales. A
recent prepost comparison study [29] targeting carers of
adolescents with mental health problems found that a 3-month
intervention powered by a Moderated Online Social Therapy
software platform was acceptable and safe for use by
participants, and it found that after engaging with the program,
participants showed a significant reduction on a measure of
stress, although other measures relating to carer mental
well-being (depression, anxiety, and psychological well-being)
had not changed significantly by the end of the intervention.
Finaly, a recent RCT (considered to be of high quality)
specifically focused on the needs of young carers (aged 16-25
years) of individuals with mental illness. This study compared
the effectiveness of a internet-based intervention with “folder
support” (participants in this condition were provided with a
folder, containing information on available support services).
Resultsregarding the efficacy of the internet-based intervention
were mixed [30]. No between-group differences were observed
with regard to carer stress, and although both groups displayed
an increase in well-being, only the folder group displayed
improvements in carer self-efficacy and quality of life.

Stroke

A total of 4 studies (summarized in Multimedia Appendix 3)
were identified, which tested internet-based interventions for
carers of stroke survivors [31-34]. A total of 2 of these were
RCTs, and they were rated as being of moderate and high
quality, respectively [32,33], with the other 2 studies [31,34],
comprising prepost comparisons, rated to be of low quality.
Ranging in duration from 4 weeks [31] to 12 months [32,34],
each of the 4 interventions provided relevant informative
resources, in addition to contact with fellow carers and
professionals through a range of channels, including email,
message boards, internet-based chats, telephone, and
videophone. With regard to carer psychological functioning, 2
of the 4 studies found no significant change in measures of
depression, life satisfaction [32], burden, or mental health [34]
in participants receiving the respective internet-based
interventions. However, Smith et al [33] found a significant
improvement in reported depression (including a clinically
meaningful change) in theintervention group over time, whereas
Graf et a [31] reported adecrease in both depressive symptoms
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and burden, regardless of total number of years spent caring.
There appeared to be a relationship between intervention
duration and carer outcomes—the 2 studies finding significant
improvements over time [31,33] lasted 4 and 11 weeks,
respectively, whereas the 2 of longer duration (12 months)
[32,34] did not find any significant change in carer outcomes.

Dementia

We identified a total of 22 studies documenting internet
interventions for carers of people with dementia. A total of 12
of these included a comparison group (Multimedia Appendix
4; [17,35-45]), and 10 studies were conducted without acontrol
group (Multimedia Appendix 5; [34,46-54]). Of the studies
featuring a control group, 5 were rated as high quality, 4 were
rated as moderate quality, and 3 were rated as low quality. Of
the studies without a control group, 4 were rated as moderate
quality, and 6 were rated as low quality. Intervention duration
varied from 30 days [35] to 12 months [34,36,37].

Again, these studies reported mixed findings with regard to the
impact of theinterventions on measures of carer mental health,
with 8 of the interventions showing a clear positive impact on
carer outcomes (effectiveness score of 3), 5 of the interventions
showing some positiveimpact on carer outcomes (effectiveness
score of 2), and 9 found to have little or no positive impact on
carer outcomes (effectiveness score of 1). Interventionsreporting
clear positive findings tended to be those of shorter duration,
with 4 of the 8lasting 9 weeks or less[35,46-48], in comparison
to interventions reporting little or no positive impact, of which
only 2 of the 9 studies lasted 9 weeks or less [38,49].

Traumatic Brain Injury

This review found 9 studies [55-63] meeting the inclusion
criteria for carers of people with traumatic brain injury (TBI;
Multimedia Appendix 6). Of these studies, 8 featured
interventions aimed specifically at carers of children and
adolescentswith TBI. All of these featured self-guided, modular
interventions, followed by either a videoconference or Skype
session with a therapist. Interventions varied in duration from
10 days[55] to 6 months[56-60], although a number of studies
did not specify the length of the intervention [61-63]. Findings
with regard to the effectiveness of these interventions were
positive, with only 1 of the 9 studies failing to find an
associ ation between the intervention and positive carer outcomes
[55].

Discussion

Principal Findings

This systematic review identified 46 studies investigating
internet-based interventions for carers of individuals with
psychiatric disorders, stroke, dementia, or TBI, with regard to
their efficacy or effectiveness in improving or maintaining a
range of facets of carer mental health. Findings for each of the
different disorders are discussed below.

Psychiatric Disorders

A total of 12 studiesinvestigated theimpact of an internet-based
intervention on carers of individualswith arange of psychiatric
disorders, including AN, depression, schizophrenia, ADHD,
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and mixed mental health difficulties. Individuals with these
different disorders present with varying needs and support
requirements, thus presenting different challenges for their
carers, making it hard to compare across disorders. Moreover,
study and intervention design varied considerably across studies,
both of which potentially affect outcomes. Aspects of an
intervention that may influence the impact of a specific
intervention include the following: whether the intervention is
theory-driven and based on a specific model of carer distress
or, alternatively, how else the intervention content and format
were decided upon (eg, focus groups, literature reviews, or
clinician and researcher opinion), whether the intervention is
delivered viaawebsite or other internet-based technol ogy (such
asvideoconferencing), whether theinterventionismodular and
sequential or allows unstructured exploration of awebsite, the
extent to which the intervention is interactive (eg, is feedback
given to participants on their knowledge, symptoms, or any
other characteristics), whether and how it is supported, (eg, can
participants interact with one another or communicate with
clinicians and researchers), and, in addition, does the
intervention contain elements other than text, such as video or
audio features. Given the small number of studies available,
there is a clear need for additional research. Possible future
research directions are considered for each disorder below.

Anorexia Nervosa

Both studies concerning carers of individuals with AN tested
aspects of the same intervention (OAO), which was derived
from amodel of carer distress, coproduced with carers, experts
by experience, and professionals within the field [64]. In the
first of these, the internet-based intervention was delivered with
support from experienced clinicians, and improved carer distress
was compared with usual support [20]. In the second study,
which was small and underpowered, the addition of limited
support by a trainee psychologist had no advantage over a
internet-based intervention alone [21]. Taken together, these
findings demonstrate that OAO can provide benefits for carer
mental health, over and above the support typically offered to
carersof individualswith AN. However, theimpact of additional
clinician support iscurrently unclear. Thismay be partly because
of factors pertaining to the study methodol ogy, including small
sample size (n=37) and guidance being provided by trainee
clinicianswith limited experiencein thefield of eating disorders.
Furthermore, the follow-up period (3-months) may be too short
for carersto havefully honed and applied the skillstaught within
the program, given the chronic nature of AN, acarer’s behavior
patterns may be even more long standing and ingrained than
those found in other disorders. Future research in this area
should seek to establish the additional benefit (if any) of
clinician support and establish whether any observed differences
were maintained at longer-term follow-up. In addition, it would
also be useful to extend this work to carers of individuals
diagnosed with other eating disorders, such as bulimia nervosa
or binge eating disorder.

Depression
Only 1 study [22] assessed the efficacy of an internet-based

intervention for carers of people with depression. The
intervention was interactive and modular and based on
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psychoeducation and CBT techniques. Despite high reported
levels of user friendliness, the intervention was ineffective. Of
note, over 50% of participating carers kept their study
participation a secret from those they cared for. Possible
interpretations of thisinclude carers not wishing it to be known
that they require support, either as they fear the person they
support may feel upset or guilty or asthey wish to appear strong
toward their loved one; carers not thinking it relevant or useful
to sharetheir participation with their loved one; carers not being
sufficiently engaged with the intervention to treat it as an
important program worthy of sharing and discussion. Research
on the reasons carers do or do not share their involvement with
internet-based support programs may be beneficial. Regardless
of the reason(s), it is possible that this degree of secrecy
contributed to the lack of efficacy of the intervention, asit may
have made it harder for participants to ater their behavior and
apply skillslearned viatheinternet-based package (without the
person they support finding out that they have accessed support),
and it may thus inadvertently maintain the illness and carers
own distress. Future interventions for carers of people with
depression may need to address and remedy these issues.

Schizophrenia and Schizoaffective Disorder

A total of 2 studies focused on carers of individuals with
schizophrenia; 1 was a small underpowered RCT of moderate
quality [23], and the other employed aquasi-experimental design
[24], rated to be of moderate quality.

The intervention reported in the Rotondi et a's study [23]
comprised a website, with the content aimed at both the
individual with schizophrenia and the individua’s carer.
Although this is an interesting idea, it would be important to
establish whether an intervention based on an evidence-based
model of distress specifically targeted at carersismore effective
than one targeting both the individual with schizophrenia and
the individual’s carer, as these 2 groups may have different
needs. Furthermore, athough both interventions permitted
interaction with fellow participants, neither employed amodular
approach. Research in other mental health populations found
modular treatment to result in better outcomes compared with
standard treatment [65]. Thus, it may be helpful for future
research in this area to establish whether a more structured
approach may be also associated with improvements in carer
mental health. In addition, it may be hel pful to establish whether
the observed improvements in family relations may lead to
improvements in carer mental health, if they are maintained
over alonger period of time.

Attention-Deficit Hyperactivity Disorder

Neither of the 2 studies of interventionsfor carersof individuals
with ADHD were RCTS; in asmall case series [18], the group
Triple P Parenting Program showed promise in reducing carer
distress. A second study [25] involved a subset of data drawn
from a larger study comparing the same intervention face to
face or delivered viateletherapy. Carer distress only improved
in the face-to-face delivery group. Although these findings are
promising, RCTs are needed to further elucidate the role of
internet-based interventionsin supporting carers of peoplewith
ADHD. Qualitative data from carers may help explore carers
views on the relative merits of face-to-face versusinternet-based
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interventions, asinthe Tseet a study [25], only carersreceiving
in-person training displayed improvements in their reported
stress levels, although the content was the same in the
internet-based intervention. Interventionsin both studies appear
to be based on behaviora and developmental models relating
to ADHD; however, it may be helpful for future research to
establish whether videoconferencing is the most effective way
to deliver training to carers (in comparison, eg, with awebsite,
where carers are able to work through and revisit the materials
at their own pace).

Mixed Mental Health Difficulties

A tota of 5 studies featured internet-based interventions for
carers of individualswith mixed mental health difficulties, 3 of
which [26,28,30] were RCTSs, and 2 were prepost comparisons
[27,29], with some evidence of reducing carer distress. These
interventionswere either codesigned with potential intervention
users [29,30] or based pragmatically on use of mindfulness
[26-28]—a technique that has been widely utilized across a
range of population groups, but on the other hand, it is a
technique that may not address the difficulties specific to the
caring role; nonetheless, it was effective here. In future, it may
be useful to compare disorder-specific carer interventions with
more generic ones, potentially applicable to carers of people
with a broad range of disorders to assess their relative merits
in relation to their ability to improve carer outcomes.

Stroke

A tota of 2 of the 4 studies providing a internet-based
intervention for carers of stroke survivors were moderate- and
high-quality RCTs, respectively [32,33], with the remaining 2
studies[31,34] comprising relatively small, low-quality prepost
comparison studies. We can only speculate on the reasons for
this disparity in findings. The 2 studies [31,33] that found a
positive impact of their interventions on carer mental health
both delivered information to participants in a sequential,
modular way. Such relatively structured intervention may be
more accessiblefor older carers, who may have less experience
in navigating websites. Of the studies that failed to find
intervention effects on carer mental health, 1 [34] included
carers of individual s with dementia, as well as carers of stroke
survivors, which may have resulted in the content of the
intervention being less tailored to the specific needs of stroke
carers. Of note, both of the studiesthat did not show intervention
effects in relation to carer mental health had other positive
effects. In 1 of these, carers perceived greater social support
following theinternet-based intervention [34]. In the other study,
stroke survivors whose carer received a internet-based
intervention required fewer emergency department visits and
fewer hospital readmissions than those whose carer did not,
reducing the burden on the health service [32], which perhaps
explainsthelack of improvement in carer mental health. Further
research in this area seems pressing, as in recent years, the
number of stroke survivors has increased [66], with the vast
majority of them living at home [67]. The informal carers of
stroke survivors have been found to have high levels of
depressive symptoms [68] and burden [69]. Thus, there is a
considerable need for innovative interventions to support this
population of carers. Future research in this area should seek to
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explore which particular aspect of ainternet-based intervention
leads to specific improvement across a wide variety of carer
outcomes.

Dementia

A total of 22 studies were found to investigate the effectiveness
of internet-based interventions for carers of individuals with
dementia (more than any other disorder discussed within this
review), reflecting the size of this growing problem [70], the
severity and range of behavioral and psychological symptoms
that carers have to deal with in their loved one [71], and the
corresponding severity of carer distress[14]. Findingsfrom this
review are largely in line with previous systematic reviews
focused specifically on internet-based interventions for carers
of peoplewith dementia[72,73]. Although the resultsare mixed
and this area of study would greatly benefit from more
high-quality research, the evidence suggeststhat internet-based
interventions may be useful in improving carer well-being and
mental health.

There may be a number of reasons why these studies found
mixed results regarding carer mental health; it may be the case
that, over time, as the dementia sufferers’ condition worsens,
their carer experiences a greater sense of burden and related
symptoms of mental distress. Alternatively, acquiring increased
knowledge about the typical symptoms, course, and progressive
nature of dementia through a internet-based intervention may
negatively affect carers’ mental health, especialy if thisis not
buffered by having sufficient opportunity to have sensitive
in-person discussions with a health professional. It is also of
interest to note the disparate methods by which theinterventions
for dementia carers were developed. Although some appeared
to be based to some extent on existing theories of, for example,
stress and coping [35,74,75] or the transitionstheory [39,50,76],
the content of others was derived from interviews with carers
and reviews of the relevant literature [48]. Future research in
this area may want to investigate the feasibility of developing
amodel of carer distress specific to those supporting someone
with dementia, on the basis of existing theories, in addition to
being coproduced with carers. People with dementia are often
cared for by their older spouses. For example, in astudy of over
3800 dementia carers, the average age was found to be 63.3
years[77]. Thus, these carers may belessfamiliar with internet
usage than younger people. As of 2011, only 41% of adults
aged 65 years and above used the internet, in comparison to
94% of adultsaged 18-29 years[78]. In addition, they may have
visual or hearing impairments. Therefore, it is important to
consider the appropriateness of internet-based interventionsfor
this particular population and how such internet-based
interventions may benefit from being altered to fit the specific
needs of older carers. Several of the studiesin thisreview used
videoconferencing  technology as pat of their
intervention—future research may wish to establish whether
being able to see other carers or clinicians is more helpful to
this population than interacting with a computer screen aone,
asfindingsfrom thisreview areinconclusive with regard to this
issue.

Asnoted above, thereis some evidencethat shorter interventions
appeared to be more effective than those of longer duration in
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terms of their ability to reduce carer distress. The apparent
effectiveness of shorter interventionsin comparison to those of
longer duration may have something to do with the nature of
the illness. Over the course of the longer interventions, the
symptoms of the person with dementia are likely to worsen,
causing the person’s carer to experience el evated level s of stress
and burden.

Traumatic Brain Injury

We identified 9 studies, all of which were RCTs of either
moderate or high quality, evaluating a internet-based
intervention for carers of people with TBI. A total of 8 of these
9 studies found some positive impact of the intervention on
carer menta health. The mgjority of the TBI-carer interventions
identified comprised family problem solving therapy. Thus,
theseinterventions may have been more homogenous, compared
with those devel oped for carers of peoplewith other psychiatric
or neurological disorders (where interventions targeting the
same populations have been developed from a wider range of
sources, models, and theories). Furthermore, 8 of the 9 studies
followed a similar structure, comprising self-guided, modular
interventions, accompanied by internet-based interaction with
a therapist. In future, it would be useful to establish whether
either or both of these aspects—a structured, modular program
(asopposed to asite containing links, which the carer isrequired
to navigate without guidance) or support by a clinician—are
particularly associated with more positive psychological
outcomes in carers. As most current studies on carer
interventionsfor peoplewith TBI have focused on children and
adolescents, future research should seek to address the needs
of carers of adultswith TBI.

General Discussion

The field of internet-based mental health interventions is still
relatively new, and it continues to develop rapidly, including
the recent recognition of the potential of internet-based
interventions specifically aimed at carers. A previous review
of “telehealth” (video, internet-based, telephone based, and
telemetry or remote monitoring) interventionsfor family carers
found that amajority of interventionswere satisfactory to carers,
and they were associated with significant improvementsto carer
outcomes[79], indicating the possible viability and effectiveness
of technology-based support or training. Thisreview specifically
explored the effectiveness of internet-based interventions, and
it discovered largely mixed findings with regard to the impact
of interventions on carer mental health and well-being, with the
exception of those aimed at carer of children and adolescents
with TBI, amost al of which were found to have a positive
impact on carer outcomes. Studiesin thisreview focuson carers
of individualswith arange of difficulties, including psychiatric
disorders, neurological disorders, and brain injury, with diverse
challenges for carers. Therefore, unsurprisingly, the format,
content, and nature of interventions used here vary widely.
Nonetheless, the evidence-based relating to some areas
(dementia, TBI) is more extensive (with 6 and 5 large-scale
RCTs, >100 participants, respectively) than in other areas
(stroke, psychiatric disorders), where fewer large-scale RCTs
have been conducted. Across amost all areas (with TBI a
notable exception), findings in relation to reductions of carer
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distress are somewhat mixed. Thismay largely have to do with
differences in populations and aspects of study design. In
addition, not all of the studies presented focused primarily on
carer outcomes, and severa interventionswith little or noimpact
on carer distress had other benefits (eg, improvementsin patient
outcomes).

Currently, there is not enough evidence to conclude whether
interventions specifically designed with aparticular disorder in
mind, based on aclear model of carer distress, have advantages
over more generic interventions. Of note, in the area of TBI,
many of the successful interventions utilized a problem-solving
approach, and in the area of mixed mental health problems,
mindful ness approaches were successfully used.

A further aspect of internet-based interventions for which the
evidence is also currently mixed is the impact of guidance or
support. Several interventions included in this review include
some guidance; however, this varied widely among studies,
making it difficult to draw conclusions about whether guided
interventions are superior to nonguided ones and which aspects
of guidance (mode of delivery, training, or expertise of guides)
are most important. A previous systematic review found
guidanceto be abeneficial aspect of internet-based interventions
for mental health; however, methodol ogical issues and the small
number studies included in the review make it difficult to
analyze thesefindings [80]. When considering the effectiveness
of internet-based interventions, it isimportant to consider how
an intervention delivered via the internet may differ from
face-to-face treatment. Surprisingly, this review found only 2
studies that directly compared internet-based with face-to-face
interventions. In a small study (n=37), carers of children with
ADHD who received face-to-face training were found to have
improvementsin their levels of stressand strain, in comparison
to those receiving the same content delivered on the Web [25].
Carers of individuals with mild dementia who received a
internet-based intervention were found to have significant
improvements in their quality of life in comparison to those
who received care as usual (specified as “infrequent
counseling”), but no difference was found between the 2 groups
on the other 3 relevant outcome measures[40]. Multiple studies
reported control groups that received “care as usual,” but they
did not specify what this comprised. Owing to the very small
number of studies that did report a comparison between
internet-based and face-to-face treatment, it is not possible to
draw conclusions about how they compare in terms of impact
on carer mental health or whether there are particular subgroups
of carers who may benefit from one as opposed to the other.
When attempting to explore the differences in response to the
i nterventions discussed within thisreview, it may also be helpful
to consider the possible applicability of Caregiver Identity
Theory [7] to the responses of individual carers. Carer |dentity
Theory hypothesizesthat the most significant factor influencing
levelsof distressisthe disparity between carers' responsibilities
and their perceived identity standard. If thisisindeed the case,
then it may be important to assess the individual carer, the
carer’s perceived burden, and the carer’s changing relationship
with the person for whom they care to determine what type and
intensity of intervention may most benefit them. A further
possible factor in explaining the differences observed in the
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efficacy of the different Web interventions presented here may
be the wide range of initiatives encompassed by the phrase
“internet-based” (eg, interactive websites accessed in the carers
own home vs videoconferencing chat, accessed from a local
clinic). For some of the older studies included in this review,
the technology utilized to provide the intervention may now be
considered to be out of date. Asthe development of technology
continues at an increasing pace, what may currently constitute
a typical internet-based intervention may appear outdated in
just afew years.

Limitations

Several key limitations need to be noted. Although the majority
of studies (29/46) were RCTSs, asignificant proportion comprised
single-arm, prepost trials, with no randomization or control
group comparisons. Quality varied widely across al studies,
with some of the studies lacking key information on
randomization methodology, blinding of assessors, and not
having an accessible study protocol. Thisincreasesthe difficulty
of assessing the risk of bias within studies, and this makes it
harder to interpret the effectiveness of theintervention reported.
Overdll, 16 RCTs and 0 non-RCTs were rated as high quality,
11 RCTsand 6 non-RCTs were rated as moderate quality, and
2 RCTsand 11 non-RCTswererated aslow quality, with study
quality also varying across disorder type, making it hard to
compare studies that were investigating the same type of
disorder. Although we have reported all findings relating to
carer mental health that were reported in the original study
papers, a majority of the studies were not found to have a
published paper detailing the study protocol, meaning that it
was not always possible to confirm the absence of publication
or selective reporting bias. Owing to the wide range of outcomes
employed across studies to measure change in carer mental
health and related constructs, we were unable to conduct any
meta-analyses, making it more difficult to interpret and compare
findings across studies. In addition, the diverse range of formats
used to deliver the interventions and differing levels and types
of guidance offered madeit harder to compare the findings, and
thismay have had an impact on how engaging they areto carers.

Future Consider ations

Although the studies detailed above present a mixed picture
regarding the overall effect of internet-based interventions on
carer mental health, participating carers consistently reported
that they found internet-based interventions to be highly
acceptable and easy to utilize where these data were gathered.
This may indicate that carers are willing to integrate
internet-based interventions into their daily lives, and future
research should attempt to establish the most effective way of
delivering content to have the greatest impact possible on carer
mental health. Of the 46 studies identified within this review,
only 2 reported a direct comprising internet-based versus
face-to-face interventions, of which only 1 study compared the
same content delivered via the 2 different modalities. Future
research should seek to establish whether the method of delivery
of anintervention hasan impact on carer outcomes and whether
there are specific subgroups of carers who may benefit more
from one than the other. As described above, internet-based
interventions can comprise many different components, and it

JMed Internet Res 2019 | vol. 21 | iss. 7 | €10876 | p.25
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

would be beneficial for future research to establish the degree
to which particular elements contribute to forming an effective
intervention. For example, it would be useful to be able to
establish the active components of a given intervention;
therefore, findings can be more easily accumulated and
compared across interventions, improving the evidence base
regarding which components of an intervention lead to desired
behavior change [81]. The possibility of establishing specific
models of carer distress on which interventions can be built
should also be taken into consideration, in addition to consulting
additional sources of information (such asfocus groups, expert
opinion, and reviews of the relevant literature). Future work
into the impact of caring carer-interventions should consider
taking alifespan approach when considering the challenges of
caring, both in terms of the carer life stage (eg, the differing
requirements of young carersand older spousal carers) and that
of theindividual being cared for, aswell as how these challenges
can change and develop over time. Consideration (including
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with regard to cost effectiveness) should also be given to the
possibility of blended care, where carers would receive some
face-to-face clinician contact, in addition to accessing a
internet-based intervention.

Conclusions

The emerging field of internet-based interventionsfor carers of
individuals with psychiatric disorders, neurological disorders,
and brain injury offers exciting possibilities for providing
support to a population that may otherwise find it difficult to
access help, by giving them the option of accessing a range of
relevant interventions in a more flexible way, or as part of a
stepped-care program. Although findings from existing studies
are mixed with regard to evidence of the efficacy of
internet-based interventions, they show promise in terms of
both effectiveness and acceptability, and further research into
this area may establish the most effective ways in which
internet-based interventions for carers can be utilized.
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Abstract

Background: Little empirical evidence is available to support the effectiveness and cost-effectiveness of internet interventions
to increase help-seeking behavior for mental health in young adults.

Objective: Theaim of this study was to evaluate the cost-effectiveness of a Web-based mental health help-seeking navigation
tool (Link) in comparison with usua help-seeking strategies.

Methods: A cost-utility analysis alongside the main randomized trial of Link was conducted from the Australian health care
sector perspective. Young adults aged 18 to 25 years were randomized to the Link intervention (n=205) or usua care (n=208)
with 1- and 3-month follow-ups. The primary outcome of this study was quality-adjusted life years (QALYs) measured by the
assessment of quality of life-4D. Costs were calculated based on the self-reported resource use questionnaire and were reported
in 2015 Australian dollars. Primary analyses were conducted as intention-to-treat and reported as incremental cost-effectiveness
ratios. Completer analyses were conducted in a sensitivity analysis.

Results:  Significantly more QALY s were gained in the intervention group than the control group (0.15 vs 0.14; P<.001). The
i ntervention was associated with significantly lower health professional consultation costs at 1-month follow-up (mean costs Aus
$98 vs Aus $162; P<.05). Costs of hospital services werelower at 3 monthsin the intervention arm (mean costs Aus $47 vs Aus
$101); however, there wasinsufficient sample size to detect a significant difference between the groups. Therewere no statistically
significant differences in the total costs between the 2 arms. Relative to the control group, those who received the intervention
experienced 0.01 more QALY's (0.00-0.02) and had lower total health sector costs of Aus —$81 (Aus —$348 to Aus $186) over
3 months. The intervention was found to be more effective and less costly compared with usual help-seeking strategies. The
intervention was 100% likely to be cost-effective below a willingness-to-pay value-for-money threshold of Aus $28,033 per
QALY. Results were robust in the sensitivity anaysis.

Conclusions: Our study found that the online youth mental health help-seeking Web service is a cost-effective intervention for
young people aged 18 to 25 years compared with usual search strategies. Further research is required to confirm these resullts.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12614001223628; https://www.anzctr.org.au
[Trial/Registration/Trial Review.aspx?d=366731

(J Med Internet Res 2019;21(7):€13065) doi:10.2196/13065
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Introduction

Background

Mental and substance use disorders are a leading cause of
disability in children and young adults worldwide [1], making
these diagnoses a significant public health concern. Mental
disorderswere a so associated with substantial economic burden
with an estimated total cost of Aus$12.7 billion annually within
the Australian context [2]. Despite the significant effect of these
conditionsin young peopl e, which may continueinto adulthood,
only 23.3% of young adults (aged 16-24 years) with a12-month
diagnosis of amental disorder in Australia sought professional
treatment for mental health problems[3].

Barriersto help-seeking and treatment for young peopleinclude
stigma [4-7], embarrassment [5], poor mental health literacy
[5,7], lack of knowledge about appropriate mental health
services|[6-8], and apreferencefor salf-reliance[5,6] in addition
to geographic barriers for those living in rural settings with
limited accessto resources[9,10]. E-mental health interventions
delivered through internet or mobile phone technology show
promise [11]; however, little empirical evidenceis availableto
support the effectiveness and cost-effectiveness of these
interventions to increase hel p-seeking behavior [12].
Objective

To addressthese concerns, arandomized controlled trial (RCT)
was conducted to evaluate the effectiveness and
cost-effectiveness of a brief, internet-based, mental health
help-seeking intervention, called Link compared with usual
help-seeking strategies for young adults. The current analysis
sought to answer whether an online help-seeking intervention
for young adults was cost-effective compared with usual search
practicesfrom ahealth care sector perspective (defined ashealth
care government expenditure plus health care out-of-pocket
expenditure) within a 3-month follow-up.

Methods

Approval and Ethical Considerations

Ethics approval was obtained from the University of Melbourne
Human Research Ethics Committee, reference#1341063.4, and
Deskin University Human Research Ethics Committee, reference
#2015-320. All participants consented to take part in this study
viaan online consent form.

Study Design and Participants

This economic evaluation was conducted alongside the RCT.
The study adheres to the Consolidated Health Economic
Evaluation Reporting Standards Statement (CHEERS) checklist
[13] (Multimedia Appendix 1).

The study was conducted entirely online. Participants were
recruited by electronic direct mail, social media, online
advertising, and snowballing, where participants were asked to
share the link on the Facebook page with friends and family.

http://www.jmir.org/2019/7/e13065/

Interested participants were directed from a link in the
advertisements to the study website where they were provided
with more information and a consenting procedure if meeting
the eligibility criteria of being aged between 18 and 25 years
and residing in Australia. Eligible participants provided
informed consent by acknowledging that they had read the
information statement by clicking abox, then clicking aseparate
box to indicate that they consented to participate in the Link
Research Project. They then registered for the trial using their
email address and a self-generated password. Immediately
following registration, all participants completed the baseline
survey sent through email including demographic information
and the Kessler-10 (K10) measure of psychological distress.
Participants were then stratified by responses on gender (male
or female) and severity of psychological distress (K10>20),
then randomized into paralel groups consisting of the
intervention group (Link) or control group (usua search
strategies) using a random allocation segquence generated
internally by the QUON computer software[14]. Randomization
was stratified by gender (male and female) and psychological
distress (K10 score<20 and K10 score=20) using random
seguences of block sizes of 4, 6, or 8 within each stratum and
an alocation ratio of 1:1. Online surveys were completed by
al participants at baseline, postintervention, and 3-month
follow-up. Survey measures included the positive affect and
negative affect scale, barriersto adolescent hel p-seeking, stages
of change questionnaire, K10, general help-seeking
guestionnaire, assessment of quality of life (AQoL)-4D, client
satisfaction questionnaire, and the heath service use
guestionnaire. Researchers and statisticiansinvolved in the data
analysis were blind to the allocation of participants until after
data analysiswas completed. Further information related to the
trial can be found in the paper reporting the primary trial
outcomes [15].

I ntervention Descriptions

I ntervention Arm

The Link intervention is an online Web-based mental health
hel p-seeking tool designed to guide young adultsto appropriate
online and offline sources of mental health information and
care. The Link design is underpinned by the theory of planned
behavior [16] and the Help-Seeking Model [17]. The
functionality of Link operationalizes the elements of these
theories (attitudes toward help-seeking, subjective norms,
perceived control of help-seeking, and intentions to seek help)
toward encouraging help-seeking behavior [18]. In brief, Link
has a 4-step process where (1) users select symptoms they
experience, (2) rate how much they are affected by them, (3)
choose their preferred way to receive help (face-to-face, online
information, telephone, and online chat), and then (4) finally,
click on service options presented by the program for more
information on how to seek help within that service, including
expected costs and website links or online directories. The
feasibility of Link was trialed previously and found to be
acceptable to young people [19].
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Control Arm: Usual Search Strategies

The control condition instructed the young adult participantsto
use their typical strategies to seek help both online and offline
such as using internet search engines and face-to-face or phone
services.

Outcome M easures

Health-Related Quality of Life

The AQoL-4D was used to measure health-related quality of
life[20]. Originally devel oped as a generic multiattribute utility
instrument designed for the evaluation of public health
interventionsincluding mental health [20], it originally consisted
of 15 items spread out into 5 dimensions measuring illness,
independent living, social relationships, physical senses, and
psychological well-being. However, the illness subscale was
not used in the scoring [20]. The AQoL-4D scoring algorithm,
based on the multiattribute utility theory, weighs the items and
then applies a multiplicative model to obtain an index, which
is transformed into a utility scale [20]. Quality-adjusted life
years (QALYs) were calculated over the time horizon of the
study using the area under the curve method [21].

Costs

This economic evaluation adopted a health sector perspective,
which included health care costs paid by the government and
out-of-pocket costs paid by patients. All costs were expressed
as 2015 Australian Dollars. No discount rate was applied
because the time horizon of the study was 3 months.

Intervention Costs

Intervention costs comprised theintervention devel opment costs
and maintenance costs. Development costs were estimated from

http://www.jmir.org/2019/7/e13065/
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the details provided by the research team and included the
planning, development, and production stages of the Link
platform. The total projected cost for Link was Aus $1.74
million. The maintenance cost of the Link intervention included
the time cost of 2 information technology staff (1 senior and 1
junior staff), in addition to the time cost of staff to update
content and equipment costs. The total maintenance cost for
Link was Aus $29,803 per year (or equivalent to Aus $2484 per
month). To not overestimate the per-person costs (by assigning
them only to trial participants), we estimated the number of
people who are likely to receive the intervention when
implemented within the Australian popul ation using assumptions
based on the published literature. The intervention pathway
starts with young adults aged 18 to 25 years in the 2015
Australian population [22]. Despite no restriction of the
intervention for young adults, we conservatively assumed that
those with moderate or high mental health distress (measured
by K10) arelikely to have aninterest in hel p-seeking for mental
health problems[23]. For those peopl e, approximately half were
assumed to seek help through the internet based on the Mission
Australia Youth Survey [24]. Furthermore, we also assumed a
29% dropout based on the dropout rate of thistrial [15]. Asa
result, approximately 14% of Australian young adults were
assumed to use the Link intervention (Figure 1).

This resulted in the average development cost per person for
the Link program estimated at Aus $5.59, and the total average
maintenance cost was estimated at Aus $0.04 per person per
month. Therefore, thetotal intervention costs per person for the
3-month follow-up were estimated at approximately Aus $5.84.
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Figure 1. Estimation of population igibility for the Link intervention.

Leeta

2015 young adults (18-25)
N=2,626,972

Those with mild distress
62.00% [23]

Those with moderate or severe distress
N=998,246

A 4

Not seeking help by the internet
Males 52.40%, females 46.40%
[24]

Seeking help by the internet
N=504,338

-

Drop out (based on trial estimates)
28.99% [15]

Possibly receive the intervention
N=358,080

Health Care Utilization Costs

Health care utilization was self-reported by participantsat 1 and
3 months, retrospectively, using a resource use questionnaire
(RUQ). The RUQ comprised questions on relevant health care
services (eg, genera practitioner [GP], psychologist, and/or
mental health specialists or health experts), including the
frequency of visits, payment methods (ie, out - of - pocket
payments), outpatient care services (ie, nonadmitted
hospital-based services), inpatient admissions, and medications.
Thedifferent versions of the RUQ have been used in other trials
in mental health [25]. The costswere cal culated by multiplying
the reported number of contacts by standard Australian unit
costs. Unit costs for consultations (ie, GP, psychologist,
psychiatrist, and allied health professional s) were sourced from
the 2014 Medicare Benefit Schedule Book [22] and presented
in Multimedia Appendix 2. Unit costs for medications adopted
a weighted average of al available products containing the
relevant active ingredient sourced from 2014 Pharmaceutical
Benefit Schedul e reports[26]. Hospital stayswere costed using
public sector average cost per separation through the
Independent Hospital Pricing Authority, based on Australian
Refined Diagnostic Related Group (AR-DRG) [27]. The specific

http://www.jmir.org/2019/7/€13065/
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AR-DRGs (for mental health symptoms) were chosen based on
the self-reported reason and duration of stay.

The out-of-pocket costs reported in the RUQ for each service
were considered in the heal th sector perspective. If the reported
amount for acommunity-based health contact was outside of a
plausible range, the maximum of out-of-pocket cost of Aus
$447 was used based on the recommendation of the Australian
Psychological Society [28]. For those who did not report
out-of-pocket costs, we assumed that no out-of-pocket costs
were incurred.

Statistical Analysis

The primary analysiswas performed using an intention-to-treat
approach. All participantswho were randomized wereincluded
in the analysis, and missing data were handled by multiple
imputation by chained equations using predictive mean
matching. The data were assumed to be missing at random by
testing through a series of logistic regression analyses comparing
participants’ characteristics for those with and without missing
endpoint data. At 1- and 3-month follow-ups, approximately
30% of participants had dropped out or did not complete the
survey (29% in theintervention group vs 31%in control group).
However, the maximum percentage of missing QALY and cost
data was 40%. Thus, to ensure efficient and reproducible
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estimates, a total of 40 imputations were completed [29,30].
The estimates obtained from each imputed dataset were
combined using Rubin’'s rules to generate an overal mean
estimate of QALYs and costs. Rubin’s rules ensure that the
standard error reflects the variability within and across
imputations.

General linear models (GLMs) were used to eval uate differences
between group on total QALY's and total health sector costs.
For the GLMs, a modified Park test was used to identify the
appropriate family, whereas Pregibon link test, Pearson
correlation test, and modified Hosmer-Lemeshow test were
adopted to identify the link function [21]. GLM with log link
and Gaussian family was conducted for QALY s. Giventhelarge
proportion of zero costs, 2-part models were used to evaluate
the difference in components of the total costs including
consultations, hospital, and medication costs between
intervention and control groups asrecommended in theliterature
[21]. We first modeled the probability that a person has any
health care expenditureswith alogit model using thefull sample.
Then we estimated a GLM on the subset of people who have
any expenditures. The 2-part model allows for separate
investigation of the effect of covariates on the extensive margin
(logit model, if any expenditures) and on the intensive margin
(GLM, amount of expendituresif any) [31,32]. GLM using log
link and gamma family was used for cost variables as
recommended by the International  Society for
Pharmacoeconomics and Outcome Research guidelines [33].
All regression analyses were adjusted by the utility scores at
baseline, gender (male and female), baseline K10 scores, and
the use of online searches for mental health services in the 2
weeks before study entry. The incremental difference in costs
and QALYs between groups was estimated based on the
3-month data using seemingly unrelated regression model,
combining estimates of mean coefficients and the covariance
matrix as per Rubin’s rules [34]. The regression coefficient on
the treatment variable in the cost and QALY equations
represents the incremental differences in costs and QALYSs,
respectively. The incremental cost-effectiveness ratio (ICER)
was calculated as the ratio of these coefficients.
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The bias-corrected Cls around the ICER were reported based
on 3000 bootstrap simulations. The bootstrapped datawere also
plotted on a cost-effectiveness plane [35]. The threshold
willingness-to-pay of Aus $28,033 per QALY gained was used
to determine cost-effectiveness because this reflects the
opportunity costs of decisions to publicly fund new health
technologiesin Australia[36]. In addition, a cost-effectiveness
acceptability curve was constructed by calculating the
probability of the intervention being cost-effective at different
values of willingnessto-pay [37]. The probability of
cost-effectiveness was estimated from combining mean
coefficients and the covariance matrix from the seemingly
unrelated regression model. The validity of thisapproach relies
on the multivariate normality of the group-specific mean costs
and QALY s [34]. Thisis appropriate with a sufficient sample
sizeeven when individual costsand QALY sare skewed [34,38].

Sensitivity analysesincluded acomplete case analysisin which
only participants who completed 1- and 3-month follow-ups
were included. In addition, the development costs were varied
to reflect different proportions of the population receiving the
intervention if it was implemented in Australia. In particular,
the proportion of people who would receive the intervention
was varied from 2% to 17% of the Australian population.

All analyses were undertaken using Stata SE version 15.

Results

Overview

A total of 413 participants were randomized, with 205 all ocated
to Link and 208 all ocated to the control group. Additiona details
regarding the study flow and Consort diagram are reported
elsawhere[15]. The overall attrition rateswere similar between
the 2 study groups (71% Link vs 69% control group). Baseline
characteristicswere similar between the groups (Table 1), except
a dignificantly greater proportion of participants in the
intervention group carried out an online search of mental health
services in the 2 weeks before randomization compared with
the control group (38.5% vs 26%, P<.01).
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Table 1. Baseline characteristics of the study population.
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Characteristics

Link intervention (n=205)  Control (n=208)

Gender, n (%)

Female

Other?
Education, n (%)
Completed secondary school

Higher education

Working status, n (%)b
Yes

Absent study days, n (%)
Yes

K 10° categories, n (%)
Mild
Moderate
Severe

Physical health self-rating, n (%)
Some symptoms but no disease
Minor illness
Moderate to severe

Mental health self-rating, n (%)
Some symptoms but no disease
Minor illness

Moderate to severe

Online mental health services search in the last 2 weeks, n (%)d
Yes

Age (years), mean (SD)

Utility score, mean (SD)

171 (83.4) 173(83.2)
3(1.5) 4(1.9)
104 (50.7) 99 (47.6)
90 (43.9) 95 (45.7)
107 (52.2) 117 (56.3)
58 (28.3) 71(34.0)
28 (13.7) 39 (18.7)
38 (18.5) 26 (12.5)
94 (45.8) 96 (46.2)
87 (42.4) 85 (40.9)
24 (11.7) 38(18.3)
24 (11.7) 24 (11.5)
68 (33.2) 60 (28.9)
34 (16.6) 48(23.1)
76 (37.1) 72 (34.6)
79 (38.5) 54 (26.0)
20.89 (2.32) 21.30 (2.38)
0.56 (0.26) 0.56 (0.26)

80ther includes transgender and agender participants.

bEmpl oyment includes paid and unpaid (volunteer) workers.
°K10: Kessler-10.

9p=01.

Service Utilization

Use of heath services is reported for baseline and 1- and
3-month follow-up periods in Table 2. GP services were the
most commonly utilized services for both the groups at each
time point. However, the only statistically significant service
between intervention and control groups was online services at
baseline. A subgroup analysis indicated that the Link
intervention was associated with a lower number of lengthy
health professional consultations; however, this difference did
not reach statistical significance. For example, there were less
people (2 vs 11) attending extensive GP consultations (duration
over 40 min) in theintervention group at the 1-month follow-up
compared with those who used usual search strategies.

http://www.jmir.org/2019/7/e13065/
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Outcomes

The estimated mean AQoL-4D utility values and QALY s for
theintervention and control groups over the 3-month follow-up
are presented in Table 3. The utility valuesincreased over time
for the intervention group but not for the control group. At the
3-month follow-up, the estimated mean utility value for the
intervention group was significantly greater than for the control
group (0.63vs0.56, P<.001). Similarly, therewas astatistically
significant difference in QALYs at the 3-month follow-up
between the groups, which favored the intervention group (0.103
vs 0.093, P=.01).
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Table 2. Health service uses at baseline and 1-month and 3-month follow-ups.

Service type? Baseline, n (%) 1 month, n (%) 3 months, n (%)
Intervention Control Intervention Control Intervention Control
General practitioner 135 (65.9) 128 (61.5) 51 (24.9) 53 (25.5) 58 (28.3) 47 (22.6)
Psychologist 47 (22.9) 56 (26.9) 21(10.2) 22 (10.6) 24 (11.7) 22 (10.6)
Psychiatrist 18(8.8) 27 (13.0) 6(2.9) 9(4.3) 5(2.4) 7(3.4)
Headspace 23(11.2) 22 (10.6) 14 (6.8) 15(7.2) 21(10.2) 11(5.3)
Other service 16 (7.8) 12 (5.8) 14 (6.8) 9(4.3) 13(6.3) 7(3.4)
Online services 79 (38.5)° 54 (26.0)° 52 (25.3) 50 (24.0) 38(18.5) 36 (17.3)
Medication 44 (21.5) 56 (26.9) 19(9.3) 24 (11.5) 20 (9.8) 22 (10.6)
Hospital 26 (12.7) 24 (11.5) 2(1.0 6 (2.9 3(1.5) 4(1.9)
No services used 55 (26.8) 57 (27.4) 52 (25.3) 46 (22.1) 49 (23.9) 57 (27.4)

8Subcategories are not mutually exclusive.
bp= 01,

Table 3. Mean costs per participant (in Aus $) by condition cumulative over the 1- or 3-month follow-up period (based on intention-to-treat sample,

N=403).
Costs 1-month follow-up 3-month follow-up
Intervention, mean  Control, mean (95% P value Intervention, mean  Control, mean (95% P value
(95% Cl), Aus$  Cl), Aus$ (95%Cl), Aus$  Cl), Aus$
Consultation costs 98 (73-123) 161 (103-220) .01 214 (148-281) 206 (139-272) 12
Hospital costs® 35 (0-94) 10(0-19) _b 46 (0-131) 107 (0-305) —
Medication costs 7 (3-12) 7 (4-10) .29 16 (6-25) 11 (6-16) .05
Total costs (health care perspective) 145 (75-214) 178 (119-237) 13 280 (168-392) 323 (106-540) 64
Utility 0.60 (0.56-0.64) 0.55 (0.51-0.59) 17 0.64 (0.60-0.68) 0.56 (0.52-0.60) .003

Quiality-adjusted life years

0.049 (0.046-0.051) 0.047 (0.044-0.049) .37

0.103 (0.097-0.109) 0.093 (0.087-0.099) .01

3 ncluding inpatient and outpatient hospital costs.
Binsufficient observations for the 2-part model.

Cost

As shown in Table 3, the average consultation costs at the
1-month follow-up and medication costs at the 3-month
follow-up inthe Link group were statistically significantly higher
than those in the control group. No statisticaly significant
differences for other cost categories at any other time points
were found. The average total health sector costs for the
intervention group were lower than the control group at 1-month
and 3-month follow-ups. However, these differences were not
statistically significantly different at both follow-up time points.
The details of 2-part model results for medication and
consultation cost are presented in Multimedia Appendix 3.

Cost-Effectiveness

The results of the incremental analysis suggest that the Link
intervention was associated with significantly higher
utility-based quality of life than the control condition (mean

http://www.jmir.org/2019/7/e13065/

difference 0.01, 95% CI 0.00-0.02). Furthermore, the Link
intervention was aso associated with lower costs (mean
difference—81, 95% CI -348 to 186) compared with the control
group; however, this difference did not reach statistical
significance (Table 4). An intention-to-treat analysis indicated
that the Link intervention was dominant (ie, more effective and
less costly) compared with usual search strategies (95% Cl
dominant to Aus $11,867 per QALY).

A probabilistic analysis showed that 100% of uncertainty
iterations of the ICER fell below the threshold of Aus $28,303
per QALY gained, and 73% of iterations fell in the dominant
guadrant of the cost-effectiveness plane (ie, more effective and
less costly, Figure 2). The cost-effectiveness acceptability curve
indicated that the Link intervention had a 95% probability of
being cost-effective as long as the threshold of
willingness-to-pay isover Aus$10,000 per QALY gains(Figure
3).
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Table 4. Results of primary and sensitivity analyses (based on 3000 bootstrap simulations).

Analysis Incremental costs,  Incremental effects, |CER® mean (959 1) Distribution over the ICER
Aus$(95% Cl)  quality-adjusted life plane (%)
year (95% CI)

NEP NwP SEP swP

Primary analysis

Intention-to-treat analysis -79(-342t0134) 0.01(0.01t00.02) Dominant (dominantto 27 _c¢c 73 —
Aus $11,928)

Complete case analysis -130(-590t0226) 0.01(0.00t00.02)  Dominant (dominantto 29 — 71 —
Aus $24,529)

Sensitivity analysis

Dropout rate 10% (cover 17% population);  —85(-363to0 134) 0.01(0.00t00.02)  Dominant (dominantto 25 — 75 —

cost development per case: Aus $3.82 Aus $13,035)

Dropout rate 90% (cover 2% population); -50(-319t0159) 0.01(0.00t00.02)  Dominant (dominantto 37 — 63 —

cost development per case: Aus $34.40 Aus $14,564)

% CER: incremental cost-effectiveness ratio, based on 3000 bootstrap simulation.

B1n the northeast (NE) quadrant, theinterventionis cost-effectiveif the |CER falls under the specified value-for-money criterion because the intervention
is more effective and costlier than the comparator. In the southeast (SE) quadrant, the intervention isless costly and more effective than the comparator
(ie, dominant); therefore, the intervention is likely to be excellent for value-for-money. In the southwest (SW) quadrant, the intervention is less costly
and less effective; therefore, the decision to adopt the intervention may be based on decision-makers willingness to accept some health loss relative to
cost-saving. Finally, in the northwest (NW) quadrant, the results show that the intervention is associated with greater costs but less health gain, therefore,
not agood option to adopt.

®Not applicable.

Figure 2. Cost-effectiveness plane of 3000 replicates of the incremental cost-effectiveness ratio—intent-to-treat analysis. QALY: quality-adjusted life
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Figure 3. Cost-effectiveness acceptability curves for intent-to-treat and complete case analysis.
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Sensitivity Analyses Interestingly, QALYs were improved in the Link group;

Theresultsfor theintention-to-treat (using multiple imputation)
concur with those for the complete case dataset, which show a
similar pattern of greater effectiveness and less cost associated
with the intervention group compared with the control group
(Table4 and Multimedia Appendix 4). The sensitivity analyses,
which varied the proportion of people likely to receive the
intervention from 2% to 17% of young adults aged 18 to 25
years, showed that results were very robust (Table 4).

Discussion

Principal Findings

This study was the first cost-utility analysis of an online
intervention to increase mental health help-seeking for young
adults (Link) compared with usual search strategies. Young
people randomized to the Link intervention had significantly
higher utility values and QALY s gained at 3 months compared
with young people using their usual online search strategies.
The online help-seeking intervention was also associated with
lower average total costs from a health sector perspective
although this did not reach statistical significance. The online
help-seeking intervention was found to be a cost-effective
treatment option compared with young adults' current search
strategieswith a 73% probability that Link would be cost-saving
and a 100% probability that it would be cost-effective using a
willingness-to-pay threshold of Aus $28,033 per QALY gained.
Infact, results suggest that even at amore modest Aus $10,000
per QALY value-for-money threshold, the intervention is still
likely to be very cost-effective. The results were robust in the
sengitivity analysiswhen complete case analysiswas conducted,
or the intervention costs were varied.
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however, the intervention did not appear to change resources
used because quantitiesand costs of serviceswerelargely similar
across the 2 groups. A possible explanation for this finding is
that Link connected young people with higher quality,
evidence-based targeted services compared with the treatment
they might otherwise access.

Comparison With Previous Wor k

Thefindings from this study are difficult to compare with other
economic evaluations of internet-based interventions; as to our
knowledge, this is the first study to evaluate the
cost-effectiveness of an online resourceto facilitate hel p-seeking
behavior. Economic evaluations of internet interventions for
mental health have been mostly focused on the treatment or
prevention of mental disorders [39]. It is noteworthy that our
study results are similar to economic evaluations that support
the cost-effectiveness of guided internet educational and
psychological interventions for the prevention and treatment of
mental disorders[39,40]. Moreencouraging, our study indicated
that the help-seeking intervention may be avery cost-effective,
if not a cost-saving, option. Further research is required to
confirm this result.

Implications

Findings from our study showed that although there were no
significant differences in terms of heath care service use
between the 2 groups, the Link intervention was significantly
associated with lower health professional consultation costs at
short-term follow-up (1 month). The reason might be that the
intervention was associated with a reduction in the quantity of
longer hedlth professional (eg, GP or psychologist) consultations
(duration over 40 min) than in the control group. Another
important point isthat the Link intervention was associated with
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lower hospitalization costs than the control at the 3-month
follow-up, although the number of peoplewho were hospitalized
was not different. This might suggest a positive benefit of the
Link intervention in reducing severity of mental health problems
that requireintensive treatments. However, these resultsdid not
reach significance, given that the sample sizes of these
subgroups were relatively small. As noted above, these results
may be explained by the quality of services being accessed via
the Link platform. Further research with larger sample sizesand
perhaps more evaluation of the type of care being accessed (in
terms of quality) is needed.

Thisstudy, for thefirst time, raisesthe possibility that improving
help-seeking not only assists young adults in accessing mental
health care services but is also associated with quality of life
improvements. More importantly, a Web-based mental health
service navigation website (ie, Link platform) demonstrated a
high probability of being cost-effective. Theinitial resultsfrom
thisstudy are certainly very promising and suggest that if access
to theintervention wasincreased, this could result in significant
health impacts and likely cost savings.

Strengths and Limitations

This study has severa strengths. First, this study used a
cost-utility framework whereby outcomes are expressed as
QALYs [37], thereby alowing results to be comparable with
other economic evauations and commonly used
value-for-money thresholds. Second, this study adheres to the
CHEERS checklist, which are quality reporting guidelines for
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economic evaluation [13]. Finally, a sensitivity analysis has
been conducted to assess the robustness of the findings from
the primary analysis.

In terms of limitations, these results do not include any costs
beyond the health sector, which may underestimate the
cost-effectiveness of the Link intervention. For example, the
inclusion of productivity costs (absenteeism and presentism)
may be associated with even more cost savings. The study was
also limited by the relatively short time horizon (ie, 3 months)
and the use of self-reported retrospective utilization of health
care services and medication, potentially leading to recall bias.
It is not clear whether this may have led to an over- or
underestimation of resource use reporting, although any biases
arelikely to be the same in both groups. Further research using
abroader societal perspective and longer follow-up is needed.

Conclusions

In conclusion, the online hel p-seeking navigation website, Link,
appears to provide a cost-effective and, possibly, cost-saving
tool for young adults compared with the usua methods for
seeking care. The intervention demonstrated a reduction in
health care professional consultation costs at the 1-month
follow-up and hospital costs at the 3-month follow-up. These
results were robust in the sensitivity analysis. Further research
to confirm these results could have important implications for
increasing the accessibility of mental health care services for
young adults.
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Abstract

Background: Electronic health (eHealth) isthe use of information and communication technology in the context of health care
and health research. Recently, there has been arise in the number of eHealth modalities and the frequency with which they are
used to deliver technology-assisted self-management interventions for people living with chronic pain. However, there has been
little or no research directly comparing these eHealth modalities.

Objective: The aim of this systematic review with a network meta-analysis (NMA) is to compare the effectiveness of eHealth
modalities in the context of chronic pain.

Methods: Randomized controlled trials (N>20 per arm) that investigated interventions for adults with chronic pain, delivered
viaan eHealth modality, wereincluded. Included studies were categorized into their primary node of delivery. Datawere extracted
on the primary outcome, pain interference, and secondary outcomes, pain severity, psychological distress, and health-related
quality of life. Pairwise meta-analyses were undertaken where possible, and an NMA was conducted to generate indirect
comparisons and rankings of modalities for reducing pain interference.

Results: The search returned 18,470 studies with 18,349 being excluded (duplicates=2310; title and abstract=16,039). Of the
remaining papers, 30 studies with 5394 randomized participants were included in the review. Rankings tentatively indicated that
modern eHealth modalities are the most effective, with a 43% chance that mobile apps delivered the most effective interventions,
followed by a 34% chance that interventions delivered via virtua reality were the most effective.

Conclusions: Thissystematic review withan NMA generated compari sons between eHealth modalities previously not compared
to determine which delivered the most effective interventionsfor the reduction of pain interferencein chronic pain patients. There
are limitations with this review, in particular, the underrepresented nature of some eHealth modalities included in the analysis.
However, in the event that the review is regularly updated, a clear ranking of eHealth modalities for the reduction of pain
interference will emerge.

(J Med Internet Res 2019;21(7):€11086) doi:10.2196/11086
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Introduction

Electronic Health

As technological advances pervade every aspect of daily life,
there has been acorresponding proliferation in the devel opment
and implementation of technological interventions for
health-related purposes. Electronic health (eHealth), the broad
term for informati on and communi cati on technol ogies deployed
in health settings, is a growing area of interest as the
international research community attempts to address issues
facing modern health care [1]. Typicaly, an eHealth modality
is considered to be some specific form of technology that is
appliedinthe context of health care[2-4]. Examples of eHealth
modalities include internet-based (Web-based health
interventions [5-9], telephone-supported (interventions with
telephone support from health practitioners) [10], interactive
voice response (the use of a phone’s touch-tone keypad to
provide responses to automated scripts) [11,12], virtual reality
(a 3-dimensional computer-generated environment that the
individual can explore, interact with, and manipulate) [13,14],
videoconferencing (the use of high-quality real-time video and
audio connection viaonlineinternet networks) [15], and mobile
phone apps (mobile-based or mobile-enhanced programs) that
deliver health-related services[16,17]. More detail ed definitions
of the various types of eHealth interventions are available in
Multimedia Appendix 1.

The core value proposition for delivering health care via an
eHealth modality isthat the barriers experienced by traditional
in-person treatment methods are reduced or potentially removed
[4,18-21]. For instance, a Web-based eHealth intervention may
improve accessibility to treatment, reduce the waiting list
duration, and can be delivered more cost-effectively than
in-person services [22]. For these reasons, eHealth has gained
considerabletraction for conditionsthat arelong-term and where
thereisashift toward self-management [23-26]. In this context,
where ongoing disease management is required, eHealth
interventions offer aviable and important support option. Many
eHealth solutions have been developed for avariety of chronic
illnesses, including diabetes [27,28], breast cancer [29],
hypertension [30], cardiovascular disease[16], multiple sclerosis
[31], headache [8], and chronic pain [12,14,32-38].

Electronic Health and Chronic Pain

Chronic pain refers to pain that lasts for more than 3 months
[39]. Chronic pain encompasses many diverse conditions, is
highly prevalent, and is aleading cause of long-term disability
[39]. Much eHealth research has been conducted in the area of
chronic (noncancer) pain, and eHealth interventions have shown
to be efficacious in reducing pain interference [40]. However,
despite the increasing variety of eHealth modalities used for
chronic pain, studies typically focus on 1 modality, and as a
result, direct comparisons of modalitiesarerare[22]. Identifying
the need to investigate the rel ative strengths and weaknesses of
modality types, Heapy et a conducted a systematic review of
eHealth self-management interventions for chronic pain, in
which three modality types were eval uated, namely, telephone,
interactive voice response, and internet. They concluded that
each modality was effective in the context of chronic pain, but

https://www.jmir.org/2019/7/€11086/
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no conclusive evidence points to one being more superior than
the others.

Notably, Heapy et al began the necessary steps toward
ascertaining the varying efficacies of each modality as the
contributing factor to intervention success. However, the authors
recognized certain limitations with their review, such as the
breadth of their search strategy (ie, limited to three databases)
and the low number (ie, 3) of included eHeath modalities.
Moreover, the review included a variety of study designs, and
although they reported on the between-condition effect sizes
when possible, a quantitative comparison (ie, a meta-analysis)
was hot conducted. Therefore, one of Heapy et al’sindications
for future research was to identify the relative efficacy of
modality types through direct comparison.

Why Islt Important to Do This Review?

Although there are a growing number of eHealth interventions
for chronic pain, there is a stark lack of research comparing
eHealth modalitiesin this context. Directly comparing eHealth
modalities deployed in chronic pain research could potentially
yield important insights into which modalities are more
efficacious in what context and for what reasons (eg, treatment
fidelity, resource availability, issues with target population,
typical engagement levels, and cost efficiency). Thus, from the
perspectives of patient well-being, health care provision, and
optimizing research interventions, there is an impetus to first
identify the most effective modalities for chronic pain and to
then investigate why they are the most effective.

The aim of this study was to add to the literature that concerns
itself with evaluating eHealth modalities in the context of
reducing pain interference for chronic pain patients by directly
comparing treatment outcomes across studies that have deployed
an eHealth modality. Critically, thisreview conducted a network
meta-analysis (NMA) and quantitatively compared and ranked
the eHealth modalities used for interventions in chronic pain,
which has not been done before. An NMA is an extension of a
meta-analysis and enables multiple treatments to be compared
using direct and indirect comparisons across trials using a
common comparator [41-43].

Objective
The objective of this study wasto conduct a systematic review
and an NMA to evaluate and compare the effectiveness of the

eHealth modalities used to deliver interventions (other than
drugs) for adults living with chronic noncancer pain.

Methods

Protocol and Registration

The systematic review and NMA were conducted and reported
in accordance with the Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and the
PRISMA Network Meta-Analysis extension statement (see
Multimedia Appendix 2) [44]. The protocol for this study is
registered with the International Prospective Register of
Systematic Reviews database (registration  number:
CRD42016035595) [45].
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Outcomes

Primary Outcome

Similar to previous research [33,34,46,47], and in accordance
with outcome measures outlined by the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials[48], pain
interference was the primary outcome variable. Where pain
interference was not reported, pain-related disability or a
reverse-scored measure of physical functioning was extracted.

Secondary Outcomes

Secondary outcomes were measures of pain severity,
psychological distress (measures of depression were extracted
where available; measures of anxiety and reverse-scored
measures of mental health were also acceptable), and
health-related quality of life (HRQoL).

Eligibility Criteria

The eligibility requirements for included studies in this review
areoutlined in Table 1. All studiesincluded in thisreview were
required to be published in peer-reviewed journa s and available
in English. The criteriawere influenced by a Cochrane review

of internet-delivered psychological therapies for chronic pain
by Eccleston et al [49].

Classification

Studies were merged to create nodes representing the primary
delivery method (eg, internet). A study was not included in the

Slattery et a

network if both arms were classified as the same modality
without an additional comparator.

I nformation Sources

A total of 4 databases, Cochrane Central Register of Controlled
Trials (CENTRAL; Cochrane Library), Medical Literature
Analysis and Retrieval System Online (MEDLINE), Excerpta
Medica dataBASE (EMBASE), and PsycINFO, were searched
from inception until November 22, 2017. Necessary changes
were made to adapt the search terms for different interfaces.
The search strategy is detailed in Textbox 1.

The reference lists of relevant systematic reviews and of
included studies were screened to identify any relevant studies.
The metaRegister of Controlled Trials [50], Clinicaltrials.gov
[51], and the World Health Organi zation’s International Clinical
Trials Registry Platform [52] were also searched.

Study Selection

Members of the research team screened titles and abstracts to
search for duplicate and nonrel evant studies; 10% of the papers
were assessed in duplicate. In total, 2 review authors (SH and
KF) independently screened full-text papers for inclusion.
Studies were included if they (1) were randomized controlled
trials (RCTs); (2) had N>20 per arm at each time point; (3) had
participants with noncancer-related chronic pain; (4) were
delivered via eHealth modality; and (5) measured a suitable
pain outcome.

Table 1. Eligibility criteria (Population, Intervention, Comparison, Outcome, Study Design) included in this review.

Category Eligibility criteria
Population Adults with noncancer-related chronic pain
Intervention Interventions for managing chronic pain delivered via an electronic health (eHealth) modality

Comparison intervention
waiting-list control

Outcome measures

Study design Randomized controlled trials

At least one of the following: an active eHealth intervention; enhanced control; treatment-as-usual;

Pain interference; pain severity; psychological distress; health-related quality of life

Textbox 1. Search terms.

1

(Telecommunications)/ OR (telemedicine OR tele-medicine).mp OR (telehealth OR tele-health).mp OR (ehealth OR e-health).mp OR (mobile
health OR mhesalth OR m-health).mp OR (ICT).mp OR ((inform* OR communicat* OR interact*) adj6 (computer* OR technolog* OR software)).mp
OR ((health* OR treat* OR therap* or intervention* OR assist* OR selfmanag* OR self-manag*) adj6 (computer* OR technolog* OR software)).mp
OR (internet)/ OR (internet* OR world wide web OR www OR web-based OR email OR e-mail OR online).mp OR (telephone* OR phone* OR
mobile* OR cellphone* OR cellular telephone* OR application* OR app* OR text* OR SMS OR smartphone* OR mobile operating system
technolog* OR microcomputer* ).mp OR (virtual reality OR augmented reality OR VR OR AR).mp OR (IVR OR interactive voice response
OR voice response unit OR VRU OR speech recognition OR voice recognition).mp

AND

(Pain)/ OR (Pain Measurement)/ OR (Headache disorders)/ OR (Fibromyalgia)/ OR (pain* OR headache* OR migraine* OR fibromyalgia* OR
neuralgia*).mp OR (pain intensity OR pain severity OR pain outcome*) OR (self-reported pain)

AND
“Chronic pain” OR headache*
AND

(randomized controlled trial OR randomised controlled trial.pt) OR (controlled clinical trial.pt) OR (randomized.ab OR randomised.ab) OR
(placebo.ab) OR (clinical trias as topic.sh) OR (randomly.ab) OR (trial.ti) OR (groups.ti)
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Data Collection Process and Data | tems

Data were independently extracted by 2 authors (BS and SH)
into a preprepared excel sheet. The following items were
extracted: means and SDs at postintervention for pain
interference, psychological distress and HRQoL, sample size,
measures, mean age, percentage of females, diagnosis, mean
years of pain, method of recruitment, and presence of contact
with researchers or therapists. If no SDs were reported, they
were calculated from the available SEs or Cls.

Risk of Bias

In line with previous research, risk of bias within individual
studies was assessed using the Cochrane Risk of Bias tool.
Please see the published protocol for additional details [1].
Funnel plots and Egger tests were conducted to investigate
publication bias across studies.

Geometry of the Network

The network includes a node for each eHealth modality. In
addition, the network contains both a control node (comprised
wait list control and treatment-as-usual control groups) and an
enhanced control node (eg, educational booklet).

Summary Measures

Standardized mean differences (SMDs) between groups at
postintervention and measures of uncertainty are reported.
Additional summary measures such as treatment rankings and
the probability of each modality arm being the best are reported.

Planned M ethods of Analysis

Random-effects pairwise meta-analyses of each available
comparison were run as an exploratory analysis using Stata 13
(StataCorp LLC). These analyses were carried out on both the
primary and secondary outcomes:. pain interference, pain
severity, psychological distress, and HRQoL.

AnNMA random-effects model of the eHealth modalities used
to deliver chronic pain interventions with the purpose of
reducing pain interference was developed in WinBUGS 14
(MRC and Imperial College of Science, Technology and
Medicine). Thismodel was based on aBayesian framework but
was created with vague priors. The NMA returned pairwise
comparisons between all modalities, rankings of the modalities
and assessed the probability that each modality isthe best. Tests
of design inconsistency [53] and loop inconsistency [54] were

https://www.jmir.org/2019/7/€11086/
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run using Stata 13. Node splitting was conducted on
comparisons with both direct and indirect evidence [55].
Additional information is provided in the protocol [1].

Additional Analyses

Asoutlined in the protocol [1], the purpose of adding study-level
covariates was to reduce heterogeneity by allowing the NMA
to take account of additional information and minimize the
differences between the studies within each modality. Covariates
would be added to the model based on a reduction in the
devianceinformation criterion (DIC). In this network, the added
covariates did not have asignificant effect. Sensitivity analyses
investigating the influence of priors, initial values, length of
burn-in, and testing convergence were carried out.

Results

Study Selection

The search returned 18,470 studies (Figure 1): PsycINFO
(n=1913), MEDLINE (n=5286), EMBASE (n=10,479), and
CENTRAL (n=792). There were 2310 studies that were
excluded as duplicates and 16,039 studies excluded on the basis
of title and abstract. In total, 122 potentially eligible studies
were identified and then assessed on the basis of full text. Of
these, 92 studies were excluded: 51 studies were not an RCT;
13 studies had less than 20 participants per arm at each time
point; 7 studies had patients with cancer-related chronic pain;
12 studies did not deliver the intervention via an eHealth
modality; 3 studies did not measure an appropriate pain
outcome; and 6 studies consisted of 2 arms within the same
node without an additional comparator. There were 30 studies
that were included in the analysis.

Study Characteristics

30 studies were included in this review. Each study arm was
classified by the primary delivery method (eg, internet).
Although the magjority of intervention armswere compared with
control arms, 1 study involved the comparison of 2 active
treatments [56]. The 30 studies encompassed 61 arms. 23
internet-delivered arms[5-9,15,34,36,37,46,57-69]; 2 telephone
[35,70]; 1 mobile app [71]; 2 virtua redity [14,72]; 1
videoconferencing [15]; 1 interactive voice response [12]; 25
control; and 13 enhanced controls (Table 2).
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Figure 1. Flow diagram of studies assessed for eligibility.
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Table 2. Studiesincluded in the review.
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Study Comparison N2 Pain conditions/ Averageage Gender,female, Attrition,
location (years) n (%) n (%)
Berman (2009) Internet (mind-body) versus control 89 (52, 37) Nonspecific 65.8 68 (87.2) 11 (12.4)
(WLCP) chronic pain
de Boer (2014) Internet (CBT®) versus enhanced control 63 (33, 30) Nonspecific 52.1 32(64) 13(20.6)
(face-to-face CBT) chronic pain
Bromberg (2012) Internet versus control (TAUY) 185(92,93)  Migraineor 426 165 (89) 19(10.2)
headache
Buhrman (2004) Internet (CBT) versus control (WLC) 56 (22, 29) Chronic back 44.6 35 (62.5) 5(8.9)
pain
Buhrman (2011) Internet (CBT) versus control (WLC) 54 (26, 28) Chronic back 43.2 37 (68.5) 4 (7.4%)
pain
Carpenter (2012) Internet (CBT) versus control (WLC) 141 (70, 71)  Chronic lower 425 117 (83) 23(16.3)
back pain
Chiauzzi (2010) Internet (self-management) versus en- 199 (95, 104)  Chronic back 46.1 134 (67.7) 15(7.5)
hanced control (text-based material) pain
Dear (2013) Internet (CBT) versus control (WLC) 62 (31, 31) Multiple pain 49 53 (85) 232
conditions/sites
Dear (2015) Internet (CBT) versus control (WLC) 472 (397, 75) Multiple pain 50 375 (80) 50 (10.6)
conditions/sites
Dear (2017) Internet (CBT) versus enhanced control 164 (76, 88)  Multiple pain 47.8 135 (82) 14 (8.5)
(workbook) conditions/sites
Devineni (2005) Internet versus control (WLC) 86 (39, 47) Migraine or 413 111 (79.6) 53(38.1)
headache
Garcia-Palacios (2015) Virtual reality (activity management) ver- 61 (31, 30) Fibromyalgia 50.5 61 (100) 23
sus control (TAU) syndrome
Herbert (2017) Videoconferencing (ACT®) versus en- 129 (65,64)  Multiple pain 52 23(17.8) 28 (21.7)
hanced control (face-to-face ACT) conditions/sites
Kleiboer (2014) Internet versus control (WLC) 368(195,173) Migraine or 43.6 314 (85) 96 (26)
headache
Krein (2013) Internet (pedometer) versus enhanced 229(111,118) Chroniclowback 51.6 29 (12.7) 22(9.6)
control (pedometer) pain
Kristjansdottir (2013)  Mobile app (CBT) versusinternet (CBT) 140 (70,70)  Chronic 442 140 (100) 40 (28.6)
widespread pain
Kroenke (2014) Telephone (care management) versus 250(124,126) Chronic muscu-  55.2 43 (17.2) 12 (4.8)
control (TAU) loskeletal and
chronic gener-
aised pain
Leveille (2009) Internet (health coaching) versusenhanced 241 (121,120) Chronic muscu-  52.4 138 (57.3) 99 (41.1)
control (general health information) loskeletal pain
Lin (2017) Internet (ACT) versus control (WLC) 302(201,101) Multiple pain 51.7 254 (84.1) 73(24.2)
conditions/sites
Lorig (2008) Internet (pain management) versuscontrol 855 (433,422)  Arthritis or fi- 52.4 780 (91.2) 214 (25)
(TAV) bromyalgia
McBeth (2012) Telephone (CBT) versusenhanced control - 442 (224,109, Chronic 56.2 307 (69.5) 81(18.3)
(exercise) versus control (TAU) 109) widespread pain
Miller (2016) Internet (positive psychology) versus 96 (51, 45) Multiple pain 59.4 67 (69.8) 19 (19.8)
control (text-based materials) conditions/sites
Naylor (2008) Interactive voice response (CBT) versus 51 (26, 25) Chronic muscu- 46 44 (86) 0(0)
control (TAU) loskeletal pain
Peters (2017) Internet (positive psychology) versus 284 (233,51) Multiple pain 489 234 (84.7) 70 (24.6)

control (WLC)

conditions/sites
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Study Comparison N2 Pain conditions/ Averageage Gender,female, Attrition,
location (years) n (%) n (%)
Ruehlman (2012) Internet (CBT) versus control (WLC) 305(162,143) Multiple pain 44.9 195(64) 64 (20.9)
conditions/sites
Strém (2000) Internet (applied relaxation) versuscontrol 102 (20, 25)  Headacherelated 36.7 69 (67.6) 57 (56)
(WLC) pain
Trompetter (2015) Internet (ACT) versus control (WLC) 238 (161, 77) Multiple pain 52.8 181 (76) 66 (27.7)
conditions/sites
Williams (2010) Internet (self-management) versuscontrol 118 (59, 59)  Fibromyalgia 50.5 112 (95) 12 (10.2)
(TAU)
Wilson (2015) Internet (pain management) versuscontrol 114 (57,57)  Chronic non- 49.3 72 (78) 34(29.8)
(WLC) cancer pain
Yilmaz Yelvar (2017)  Virtual reality (physiotherapy) versusen- 46 (23, 23) Non-specific 49.6 28 (63.63) 2(4.3)
hanced control (physiotherapy) low-back pain

@Total N randomized (Arm 1 N, Arm 2 N, Arm 3 N [where applicablé]).
BWLC: waitlist control

°CBT: cognitive behavioral therapy

4TAU: trestment-as-usual.

€ACT: acceptance and commitment therapy.

A total of 5288 participants wereincluded in the review. There
were 3005 participants randomized to interventions delivered
viaan eHealth modality: internet (n=2509); tel ephone (n=305);
videoconferencing (n=65); virtua reality (n=53); mobile apps
(n=47); and interactive voice response (n=26).

Risk of Bias Within Studies

The risk of bias summary is presented in Table 3. In total, 18
studies were considered to have been effectively randomized,
11 studies did not provide adequate information, and 1 study
did not describe randomization and was judged to be at a high
risk of bias. Furthermore, 10 studies used appropriate methods
of alocation concealment, 18 studies did not appropriately
describe their alocation methods, and 2 studies were judged as

https://www.jmir.org/2019/7/€11086/

high risk, given that allocation was not blinded from research
assistants. A total of 23 studies were not at risk of detection
bias; the majority of these administered their assessmentsonline.
Furthermore, 7 studies were considered unclear. Although 15
studies provided clear information on their levels of attrition,
14 of them were judged to be unclear, with many failing to
report differences between completers and noncompl eters, and
1 study was considered to be at high risk of bias because of
statistical  differences between the completers and
noncompleters. In total, 28 studies reported all outcomes and
were free from selective reporting bias. In addition, 2 studies
were judged to be of high risk because data could not be
extracted. No other sources of biaswerefound for the 30 studies.
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Table 3. Assessment of within-study bias.
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Study Adequatesequence Allocation conceal-  Blinding Incompleteoutcome Free of selective  Free of other bias
generation ment data addressed reporting
Berman (2009) I} b + + + +
de Boer (2014) + + + + + +
Bromberg (2012) + * + + + +
Buhrman (2004) + ? + + + +
Buhrman (2011) ? + + + + +
Carpenter (2012) + ? + 2 - +
Chiauzzi (2010) ? ? 2 2 + +
Dear (2013) - - + 2 + +
Dear (2015) + + + 2 + +
Dear (2017) + + + ? + +
Devineni (2005) + ? ? + + +
Garcia-Palacios (2015)  + ? ? 2 + +
Herbert (2017) ? + + + + +
Kleiboer (2014) + + + + + +
Krein (2013) + ? ? ? + +
Kristjansdottir (2013) + ? ? + + +
Kroenke (2014) + + + ? + +
Leveille (2009) ? ? + + + +
Lin (2017) + ? + ? + +
Lorig (2008) ? ? + - + +
McBeth (2012) + + + + + +
Muller (2016) + ? + 2 + +
Naylor (2008) ? ? + 2 + +
Peters (2017) ? ? + + + +
Ruehiman (2012) ? ? + + + +
Strom (2000) ? ? ? ? - +
Trompetter (2015) + ? + + + +
Williams (2010) + + + ? + +
Wilson (2015) ? ? + ¥ + +
Yelvar (2017) ? + ? ? + +
#The study satisfied the criteria

bThe study did not satisfy the criteria.
®Researchers were unable to determine if criteriawere satisfied.

Results of Individual Studies

The included studies indicate positive effects for interventions
delivered via eHealth modalities in comparison with a
control/enhanced control; 80% (24/30) of studies returned a
reduction in pain interference, 69% (18/26) of studies returned
areduction in pain severity, 79% (19/24) of studies showed a
decrease in psychological distress, and 67% (8/12) studies
indicated an improvement in HRQoL.

https://www.jmir.org/2019/7/€11086/
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Exploratory analyses were carried out on the primary outcome,
pain interference, secondary outcomes, pain severity,
psychological distress, and HRQoL. An NMA was conducted
for the primary outcome, pain interference.

Exploratory Analysis

Exploratory pairwise meta-analyses were conducted where
possible (Table 4).
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Table 4. Exploratory analyses.
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Comparison and outcome Number of studies Standardized mean difference P value
I nternet versus control
Pain interference 18 0.28 <.001
Pain severity 15 0.2 <.001
Psychological distress 16 0.35 .001
Health-related quality of life 6 0.02 .80
Internet versus enhanced control
Pain interference 5 0.17 .55
Pain severity 5 0.16 .57
Psychological distress 4 0.14 .33
Health-related quality of life 1 0.34 .26

Pain Interference

Data were extracted for pain interference, disability, functional
interference, physical impairment, physical functioning, and
headache disability, using avariety of measures: the Brief Pain
Inventory (BPI), Visual Analogue Scale (VAS),
Multidimensional Pain Inventory (MPI), Pain Disability Index,
Survey of Pain Attitudes, Roland-Morris Disability
Questionnaire, 36-I1tem Short-Form Health Survey (SF-36),
Fibromyalgia Impact Questionnaire, Health Assessment
Questionnaire-Disability Index, Profile of Chronic Pain-Screen,
Headache Disabhility Index, Oswestry Disability Index, and the
Migraine Disability Assessment. Pairwise meta-analysesindicate
that internet-delivered interventionsresult in asmall statistically
significant reduction in pain interference when compared with
acontrol group (P<.001).

Pain Severity

Of the included studies, 26 included ameasure of pain severity.
Data were extracted for pain severity, pain intensity, average
pain, typical pain, activity pain, and pain severity using the
following measures: BPI, VAS, MPI, PCP-S, Pain Assessment
Questionnaire, Brief Pain Questionnaire, Numeric Rating Scale,
Visual Numeric Scale, McGill Pain Questionnaire, headache
or pain diaries, and study-specific measures [6,67].
Internet-delivered studies returned a small statistically
significant reduction in pain severity when compared with a
control group (P<.001). A second NMA was conducted on the
basis of the effectiveness of eHealth modalitiesin reducing pain
severity; anetwork map and results are provided in Multimedia
Appendix 3.

Psychological Distress

Of the included studies, 24 used a measure of psychological
distress. Data were extracted for depression, anxiety, mental
health, and negative mood regulation using a variety of
measures. the Hospital Anxiety and Depression Scale,
Montgomery-Asberg Depression Rating Scale-Self Rated, Beck

https://www.jmir.org/2019/7/€11086/

Depression Inventory, Negative Affect Scale, Depression
Anxiety Stress Scales, Patient Health Questionnaire 9-ltem,
Personal Health Questionnaire Depression Scale, Short Form
(SF) 8 Hedlth Survey, SF-36, and Centre for Epidemiologic
Studies Depression Scale. Internet-delivered interventions
returned astatistically significant SMD of 0.35 when compared
with a control (P=.001). Internet-delivered interventions did
not return a statistically significant reduction in psychological
distress when compared with an enhanced control (P=.33).

Health-Related Quality of Life

Data were available on HRQoL for 12 studies. This was
measured in a variety of ways, including the Quality of Life
Interview, Patient Global Impression of Change, the Quality of
Life Index, General Health Questionnaire 12-Item, 12-Item
Short Form Survey, and SF-36. No statistically significant
differenceswerefound in HRQoL between theinternet-delivered
interventions and a control (P=.80).

Presentation of Network Structure

The network map in Figure 2 demonstrates the available
evidence for this reduction in pain interference network. For
convenience, the circular nodes are eHealth modalities and the
sguare nodes represent the control groups.

Summary of Network Geometry

The available evidence was used to generate the network
displayed in Figure 2. The number of studies behind each direct
comparison is outlined in Table 5, which also includes the
percentage of contribution that each comparison made to the
entire network. As expected, the internet treatment versus
control comparison contributesthe highest percentage (17.67%)
of evidence to the network. Some of the indirect comparisons
required along pathway to be generated (eg, comparing mobile
apps with telephone-delivered interventions requires the direct
evidence of the internet and control nodes). The comparisons
based on longer paths were communicated with less precision
[41].
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Figure 2. Network map of electronic health modalities for chronic pain.
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Table5. Contribution to the pain interference network.

Direct comparison Studies, n Contribution, %
Virtual reality versus control 1 8.18
Interactive voice response versus control 1 12.10
Internet versus control 18 17.67
Telephone versus control 2 13.23
Telephone versus enhanced control 1 9.41
Virtua reality versus enhanced control 1 5.60
Internet versus enhanced control 5 311
Videoconferencing versus enhanced control 1 10.94
Mobile apps versus internet 1 10.74
Enhanced control versus control 1 9.01

Synthesis of Results

Network Meta-Analysis (Pain | nterference)

A random-effects NMA based on the restricted maximum
likelihood estimate was conducted to examine interventions
delivered by eHealth modalities for the reduction of pain
interference in chronic pain patients. The NMA suggests an
SMD of 0.3, indicating asmall difference between internet and
the control (95% CredibleInterval (Crl): 0.1t0 0.44) as expected
by the exploratory analysis. In addition, an SMD of 0.28 was
found between internet and the enhanced control (95% Crl:
0.002 to 0.55). The generated comparisons (Table 6) indicate
that videoconferencing was significantly worse than al other
modalities, bar interactive voice response.

The remaining comparisons had credible intervals containing
0, suggesting a high probability that the true comparison is not
significant. Many of the credible intervals were very wide and

https://www.jmir.org/2019/7/€11086/

expressed the uncertainty in the model’s estimates. It must be
stressed that many of these comparisons were based on alow
sample size and do not suggest that significance cannot be
achieved with a greater number of studies.

Table 7 outlines the rankings of the modalities and the
probability that they deliver the most effective interventions.
The mobile apps and virtual reality arms were given the best
ranking, at second (95% Crl 1 to 7; 95% Crl 1 to 6). Slightly
less uncertainty surrounds the ranking of theinternet arm, with
a median value of 3 and a credible interval from 1 to 5. The
videoconferencing arm had a ranking of 8.

Table 7 indicates that there is a 43% chance that mobile
app—delivered interventions are the most effective at reducing
pain interference. The available evidence suggests that thereis
a 0% chance that videoconferencing delivers the most effective
interventions.
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Table 6. Results of network meta-analysis (NMA): electronic health (eHealth) modalities delivering interventions for reducing pain interference. Data
initalics are statistically significant.

Modeality Internet, SMD?  Virtual redlity, Telephone, Mobileapps,  Interactive Videoconferenc-  Enhanced contral,
c Ib) SMD (Crl) SMD (Crl) SMD (Crl) voiceresponse, ing, SMD (Crl) SMD (Crl)
(Cr SMD (Crl)
Virtual reality -0.16 (-0.77to _c — — — — —
0.44)
Telephone -0.01(-0.57to 0.15(-0.63t0 — — — — —
0.55) 0.95)
Mobile apps -0.21(-095t0 -0.04(-1to -0.19(-112to0 — — — —
0.54) 0.92) 0.74)
Interactivevoice  0.39(-0.44to 0.55(-0.46to 0.4 (-0.59to 06(-052t0 — — —
response 0.12) 1.57) 1.39) 1.72)
Videoconferencing 1.59 (0.82 to 1.75(0.81to 1.6(0.67to 1.8(0.72to 1.2 (0.06 to — —
2.36) 2.69) 2.54) 2.87) 2.33)
Enhanced control  0.28 (0.002to  0.44(-0.16to 0.29(-0.29to0  0.49(-0.31to -0.11(-0.99to -1.32(-2.1to —
0.55) 1.03) 0.87) 1.27) 0.76) —0.53)
Control 0.3(0.1t00.44) 044 (-015to 0.29(-0.26to 0.48(-0.28t0 -0.11(-093to -1.31(-2to -0.004 (-0.31to
1.04) 0.83) 1.24) 0.7) —0.59) 0.31)

85MD: standardized mean difference.
berl: credibleinterval.
®Not applicable.

Table 7. Ranked effectiveness of modalities.

Modality Median ranking? (credible interval) Probability® (SD)
Internet 3(1tob) .04 (0.19)

Virtual reality 2(1t06) 34(0.47)
Telephone 3(1to7) .15 (0.36)
Mobile apps 2(1to7) .43 (0.50)
Interactive voice response 7(1to7) .05(0.21)
Videoconferencing 8(8t08) .000008 (0.003)
Enhanced control 6(3to7) .0007 (0.03)
Control 6(4t07) .00002 (0.004)

8Treatments ranked in order of comparative effectiveness.
bProbability of each treatment being the best (ie, most effective).

Exploration for Inconsistency

Given that al of the studies included in this review were
randomized, the assumption of transitivity isfulfilled. A test of
loop inconsistency and a Lu-Ades test of design inconsistency
reveadled no evidence of inconsistency (P=.85 and P=.67,
respectively). Node splitting returned no evidence of
inconsistency when assessing differences between direct and
indirect effects.

Risk of Bias Across Studies

The funnel plot (see Multimedia Appendix 4) showed no
indication of publication biaswith the mgjority of studiesfalling
within the bands. Most studies were clustered around the zero
line and have relatively large SEs.

https://www.jmir.org/2019/7/€11086/

Results of Additional Analyses

Sensitivity analyses were carried out to assess the fit of the
model. A variety of different initial values were tested; the
model was run with an extended burn-in of 200,000 iterations.
Both a gamma and half normal prior were used to ensure that
the normal prior was uninformative, and 500,000 and 700,000
iterations were run to ensure that 600,000 were adequate. In
addition, the model was run with 2 chains, and history plots
showed tight iterations, indicating no evidence of
nonconvergence.

Additional covariates were added to the model to explore
heterogeneity. Theinitial NMA model returned aDIC of 12.47.
When the covariates were added to the model, the DIC did not
significantly reduce and they were considered not to have added
enough to the model to warrant inclusion (age [DIC=13.72],
gender [DIC=12.79], length of intervention [DIC=12.84],
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atrition [DIC=13.15], measure [DIC=13.20], contact
[DIC=13.03], andysis [DIC=1299], and condition
[DIC=12.99)).
Discussion

Principal Findings

The random-effects NMA returned pairwise comparisons
between each of the eHealth modalities. The majority of these
comparisons were not statistically significant; however, the
network indicatesthat all eHealth modalitieswere significantly
better than videoconferencing. On the basis of the currently
available evidence, the network a so promotesthe use of internet
to deliver interventions. This study created a ranked list of
eHealth modalities used for chronic pain by conducting a
systematic review with an NMA. Study findings tentatively
indicated that mobile apps and virtual reality were the most
effective eHealth modalities for delivering interventions for
reducing pain interference. More specifically, the joint highest
ranked modalities overall, according to NMA analyses, were
mobile apps, with a 43% chance that this modality delivered
the most effective intervention for reducing pain interference.
Following this, virtual reality had a 34% chance and telephone
had a 15% chance of being the most effective delivery method.
Internet-delivered interventions have a 4% chance of being the
most effective at reducing pain; however, there was more
certainty regarding their positioning and effectiveness as they
contributed the most papers [27] to the network (comparisons
including internet contributed atotal of 20.78% to the network).
Although the analyses revealed important insights for the
potential rank order of eHealth modalities for chronic pain
interventions, only tentative conclusions regarding the most
effective treatment types can be drawn, as there are limitations
with this review.

Strengthsand Limitations

One limitation with this review is the disproportionate
representation of different eHealth modalities included within
the network. For example, of the 30 papers included in the
analysis, internet was represented in 23 papers and telephone
was represented in 2 papers, whereas, mobile apps, interactive
voice response, and videoconferencing were each represented
in only 1 paper. As aresult, although we can be confident of
the ranking of internet relative to the other modalities in the
network, we cannot be confident of the rankings of the other
modalitiesrelativeto internet. To explain further, if for example,
an additional internet paper was added to this network, the
modality rankings would not be anticipated to change, but if a
new study based on another modality was added, then there is
a chance that the modality rankings would change. However,
thisreview is bound by the available evidence, and the current
synthesis providesthefirst stepstoward ranking which eHealth
methodologies are more efficacious in the context of chronic
pain.

It must also be noted that a contributing factor to the limited
number of included papers and, therefore, eHealth modality
types may have been the restrictive inclusion and exclusion
criteria used in this study. For example, 51 studies were
excluded for not being RCTs and 13 studies were excluded for

https://www.jmir.org/2019/7/€11086/
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not having 20 participants per arm for each time point.
Therefore, had the eligibility criteria been more relaxed,
arguably, more studies would have been included, allowing a
larger network to be produced. However, the inclusion and
exclusion criteria employed in this review followed on from a
previous review in the area and the exacting criteria ensured
that the included papers were of high quality and had low risk
of bias[49].

Finally, because of the heterogeneous nature of intervention
content, it may be contentious whether the current approach
was optimal to identify the effectiveness of eHealth modalities
relative to one another. For example, if each study in thisreview
administered cognitive behavioral therapy (CBT) across each
modality type, through accounting for differencesin extracted
variables (eg, age and gender), it could be reasonably assumed
that any notable differences detected were because of the effect
of the modality and not the intervention content (ie, CBT).
However, although thiswas not the case in this network, it may
also be debated that the af orementioned scenario would actually
yield which eHealth modality is best for a particular treatment
type (eg, CBT) and not which eHealth modality is most
efficacious in the context of chronic pain. In any case, the
scientific and clinical purposes of this review were to identify
which eHealth modality, on the basis of the available evidence,
deliversthe most efficaciousintervention for peopleliving with
chronic pain and not which intervention type (eg, CBT) works
best with which eHealth modality.

Although there are certain limitations with this review, the
findings provide support for previous research, yield tentative
conclusionsregarding the ranked efficacy of eHealth modalities
in the context of chronic pain, and offer insight into further
areas for investigation. Similar to previous research [49], the
results from the exploratory meta-analysis highlight that
internet-delivered interventions can reduce pain interference
for people living with chronic pain. Interestingly, with regard
to the results from the NMA, the 2 modalities found, abeit
tentatively, to be most efficacious (virtual reality and mobile
apps) are relatively new eHealth modalities compared with
othersin the review. The reason is not clear, but perhaps these
modalities offer more immersive and convenient intervention
pathways that appeal to participants.

Empowering individuals to take an active role in their own
health care has been identified asacrucial factor for improving
the quality of care and reducing health care costs[73-76]. This
isparticularly important for people with long-term health issues
that require prolonged lifestyle modifications and adjustments
[77-79]. Self-management of chronic/long-term illnessesthrough
education and supportive interventions can not only decrease
utilization of health care services but may also lead to
improvements in clinical outcomes and overall quality of life
[73]. Increasing patient engagement in health care interventions
has thus become a priority for health care organizations,
researchers, and policy makers. eHealth modalities offer
tremendous potential to engage patients asthey areflexibleand
can be tailored to individual patient’s needs, preferences, and
circumstances [78]. However, as these technologies require
actions that must be initiated and sustained by the individual,
it is vital that these interventions are designed in an easily
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accessible and engaging manner. Perhaps as the research
findings of this study tentatively show, interventions delivered
viavirtual reality and mobile apps could yield promising results
in this area by virtue of their immersive and accessible design.
In particular, research should focus on conducting interventions
with mobile appsfor chronic pain. With 93% of Irish consumers
having access to a mobile phone [80], and a myriad of mobile
apps targeting people with chronic pain (arecent review found
373 mobile appsfor older adultswith arthritic pain alone[81]),
it is concerning that only 1 study included in this review
delivered an intervention via a mobile app.

Conclusions

In the wider context of eHealth, there are 2 areas for future
work. Thefirst would beto replicate the synthesis of thisreview
with different chronic conditions. The second area for future
work would be to create a core outcome set for eHealth
interventions, a standardized set of eHeath intervention
engagement outcomes measuring, for example, fiddlity,
participant engagement, and user experience. Often, atreatment
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can have an effect in person, but this effect may not transfer to
an eHealth intervention. In such instances, it is quite possible
that the eHealth execution and delivery was unsatisfactory and
not that the i ntervention content cannot be adapted to an eHealth
version. A core eHealth outcome set would assist in negating
such issues.

In conclusion, from both a clinical and scientific perspective,
previous research has outlined a need to compare eHealth
modalities in the context of chronic pain. This research is the
first to use a novel satistical method, namely, NMA, to
guantitatively compare eHealth modalities in this context.
Similar to previous research, the results suggest that internet
interventions can improve pain interference, whereas more novel
modalities (ie, mobile apps and virtual reality) are most likely
to be effective, but more research on chronic pain eHealth is
needed. Among many areas for future research, additional
research examining underutilized eHealth modalities is
recommended, and acore outcome set with regard to measuring
engagement within eHealth interventions in genera is
paramount.
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Abstract

Background: Theinternet’slow cost and potential for high reach makes Web-based channels primefor delivering evidence-based
physical activity (PA) interventions. Despite the well-studied success of internet-based PA interventionsin primarily non-Hispanic
white populations, evidence on Spanish-speaking Latinas’ use of such interventionsislacking. The recent rise in technology use
among Latinas in the United States, a population at heightened risk for low PA levels and related conditions, suggests that they
may benefit from Web-based PA interventions tailored to their cultural and language preferences.

Objective: The goa of the research was to examine participant engagement with various features of an internet-based PA
intervention for Latinas and explore how use of these features was differentially associated with adoption and maintenance of
PA behavior change.

Method: PasosHacialaSalud tested a Spanish-language, culturally adapted, individually tailored, internet-based PA intervention
versus a Spanish language, internet-based, Wellness Contact Control condition for underactive Latinas (N=205, mean age 39.2
[SD 10.5] years, 84% Mexican American). These analyses examined engagement with the website and explored how use was
associated with adoption and maintenance of moderate to vigorous physical activity (MVPA) behavior.

Results: Overall, participants logged on to the website an average of 22 times (SD 28) over 12 months, with intervention
participants logging on significantly more than controls (29 vs 14.7, P<.001). On average, participants spent more time on the
website at months 1, 4, and 6 compared to all other months, with maximum use at month 4. Both log-ins and time spent on the
websitewere significantly related to intervention success (achieving higher mean minutes of MV PA per week at follow-up: b=.48,
SE 0.20, P=.02 for objectively measured MVPA and b=.74, SE 0.34, P=.03 for self-reported MV PA at 12 months, controlling
for baseline). Furthermore, those meeting guidelines by the Centers for Disease Control and Prevention for PA at 12 months
(=150 minutes per week of MVPA) logged on significantly more than those not meeting guidelines (35 vs 20 over 12 months,
P=.002). Among participants in the intervention arm, goal -setting features, personal PA reports, and PA tips were the most used
portions of the website. Higher use of these features was associated with greater success in the program (significantly more
minutes of self-reported MV PA at 12 months controlling for baseline). Specifically, one additional use of these features per month
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over 12 months translated into an additional 34 minutes per week of MV PA (goals feature), 12 minutes per week (PA tips), and

42 minutes per week (PA reports).

Conclusions: These results demonstrate that greater use of atailored, Web-based PA intervention, particularly certain features
on the site, was significantly related to increased PA levelsin Latinas.

Trial Registration:

(J Med Internet Res 2019;21(7):€13063) doi:10.2196/13063

Clinical Trials.gov NCT01834287; https://clinicaltrials.gov/ct2/show/NCT01834287

KEYWORDS
physical activity; Latinas; internet; treatment engagement

Introduction

Robust evidence supports physical activity (PA) in the
prevention and management of numerous chronic health
conditions, including obesity, hypertension, type 2 diabetes,
cardiovascular diseases, and many types of cancer [1]. Despite
these well-established benefits of regular PA, most Americans
areinsufficiently active [2]. Interventions designed to promote
PA have had mixed success, and even those that have resulted
in overal increasesin PA have shown arange of adherence to
behavior change among individuals[3]. A better understanding
of the intervention features that successfully promote PA can
inform the development of more efficient and broadly effective
interventions.

Treatment engagement is a consistent predictor of success in
health behavior interventions [4-6]. It is analogous to taking
medication as prescribed; if the proper dose is not taken, the
medication will beless effective. One of the greatest challenges
facing behaviora scientists, therefore, isdesigning interventions
to optimize treatment engagement and adherence and, in effect,
maximize efficacy [7]. Delivering intervention materials and
information in convenient and efficient ways may help to
increase their uptake.

Use of technology, such as the Web, could be a promising
solution for increasing engagement. I nternet-based interventions
offer numerous benefits for researchers and participants such
as convenience, portability, adaptability, cost effectiveness, and
reach. Internet-based interventions can incorporate multiple
behavioral adherence strategies such as self-monitoring, social
support, and goal-setting in a more accessible manner than
in-person or print-based health behavior change interventions,
and the interactive features of websites could promote
participant engagement [4]. Additionally, internet-based
interventions allow for objective measures of participant
engagement by tracking variables such as number of log-ins,
page clicks, and time spent on various components of the
intervention. As internet-based interventions have achieved
mixed success (ie, some are successful and others are not) [8],
a more thorough examination of these objective measures of
engagement could be especially useful in illuminating which
intervention features promote not only engagement in the
intervention but also successful behavior change.

In addition to promoting and tracking participant engagement,
internet-based interventions could be an especially effective
delivery channel for racial and ethnic minorities. Internet use
in Latinos has grown markedly in recent years [9]. In 2015,

http://www.jmir.org/2019/7/e13063/

84% of Latinoswere onlinewith the fastest growing use among
immigrant Hispanics and those who are Spanish dominant [10].
The Latino population also reports lower levels of PA than
non-Latino whites[11]. Latinawomen report less activity than
non-Latino white women and Latino men, and Latinas also
experience higher rates of obesity, diabetes, and other chronic
conditions related to inactive lifestyle [11]. Given the rise in
internet use among Latinas and the potential of internet-based
interventionsto incorporate features associated with successful
behavior change, internet-based interventions may be
particularly appropriate for promoting PA in Latinas.

The purpose of this paper was to examine participant
engagement with various features of an internet-based PA
intervention for Latinas and explore how use of these features
was differentially associated with adoption and maintenance of
PA behavior change.

Methods

Overview of Trial

The Pasos Hacia La Salud study was a randomized controlled
trial of an internet-based PA intervention versus a wellness
contact control in Latinas (N=205). Engagement data were
collected between 2011 and 2014 and included information on
website use (number of log-ins, time spent on websites, and
number of times PA goals were set, personal PA reports were
accessed, and PA tipsfeatures were used throughout the project
period). Minutes of moderate to vigorous physical activity
(MVPA) were measured subjectively and objectively at baseline,
6 months, and 12 months.

Setting and Sample

The study was conducted at the University of California, San
Diego, and human subjects approval was obtained from the
institutional review board. The study wasregistered asaclinical
trial [NCTO01834287]. Participants in the tria included
underactive L atinas (defined as participating in MV PA lessthan
60 minutes per week) aged between 18 and 65 yearswith regular
internet access through home, work, or their community.
Individuals were excluded from participation if they had any
serious medical condition that would make unsupervised PA
unsafe or were unable to read or speak Spanish fluently and
demonstrate adequate functional health literacy (scoring at |east
a 17 on the Short Test of Functional Health Literacy in Adults
[12]; currently pregnant or planning to become pregnant in the
next year; planning to move from the area within the next year;
hospitalized due to a psychiatric disorder in the past 3 years; or
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taking medication that may impair PA tolerance or performance
[13]. The setting, sample, and primary outcomes are described
in further detail in previously published manuscripts [13,14].

Protocol

Participants were screened for initial eligibility by phone and
then completed baseline PA assessments before being randomly
assigned to one of two Spanish language internet-based
conditions: Tailored Physical Activity Internet Intervention or
Wellness Contact Control Internet Intervention. A detailed
description of study protocols can be found elsewhere [13]. At
the baseline randomization visit, research staff explained the
intervention and participant expectations and hel ped intervention
arm participants set redlistic PA goals, identify potential barriers
and potential solutions, and learn to use website features.

Tailored Physical Activity I nternet I ntervention

The Tailored Physical Activity Internet Intervention was based
on the transtheoretical model [15] and social cognitive theory
[16]. Participantsin thisarm received accessto the intervention
website and completed monthly online surveys that generated
automated tailored PA feedback reports on relevant theoretical
constructs such as current stage of motivational readiness for
PA, self-efficacy, and processes of change, aswell as normative
and progress feedback (ie, how they compared on these variables
vsotherswho were already meeting guidelinesand to their own
prior responses) and useful facts on PA health benefits,
stretching, and heart rate monitoring. The reports drew from a
bank of more than 300 messages addressing different levels of
these psychosocial and environmental factors affecting PA. In
addition, participants received an online manual that was
matched to their motivational readiness for PA. The manual
emphasized strategies for increasing PA such as goal-setting,
self-monitoring, problem-solving barriers, methods for
increasing social support, and rewarding oneself for meeting
PA goals.

Additional website features included (1) self-monitoring of
minutes of PA and steps, (2) goal setting with graphsto compare
goals to recorded minutes, (3) a message board to foster social
support between participants, (4) an “ask the expert” section
where participants could anonymously ask questions to a
PhD-level researcher, and (5) online resources such as free
exercise videos and maps to create walking routes. The
intervention group received email prompts to access the
intervention website weekly during month 1, biweekly during
months 2 and 3, and monthly during months 4 to 6, with new
PA information tip sheets made available on this schedule.
Parti cipants received monetary incentivesto compl ete the study
requirements, including $10 each month for completing the
online monthly questionnaires. They also received a pedometer
totrack their steps (although minutes of MV PA rather than step
count was the outcome of interest).

WelIness Contact Control I nternet Group

The Wellness Contact Control Internet Group received access
to a Spanish language website with information on health topics
other than PA. The Web-based content focused on diet and other
factors associated with cardiovascular disease risk and included
information from a series on heart health devel oped for Latinos
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by the National Heart Lung and Blood Ingtitute. Control arm
participants received the same number of email contacts on the
same schedule as the intervention arm and also completed
monthly surveys on wellness topics for the same $10 incentive
offered to intervention arm participants.

M easures

Demographics were assessed at baseline with a brief
guestionnaire assessing age, education, income, occupation,
race, ethnicity, history of residencein the United States, marital
status, and acculturation.

PA was measured subjectively using the 7-Day Physical Activity
Recall (7-Day PAR) and objectively using accelerometers. The
7-Day PAR is an interviewer-administered instrument that
provides an estimate of weekly minutes of PA and has
consistently demonstrated acceptable reliability, internal
consistency, and concurrent validity with objective measures
of activity [17-19]. Accelerometers measure both movement
and intensity of activity and have been validated with heart rate
telemetry [20] and total energy expenditure [21]. Participants
were asked to wear the accelerometer on their left hip for 7
days. Valid wear time was classified as 5 days of at least 600
minutes of wear time each day or at least 3000 minutes of wear
time over 4 days. To be counted in the total minutes per week
of MVPA, activity had to occur in =10-minute bouts, per the
national PA guidelines at the time of the study. Accelerometer
data was processed using the ActiLife software, with the
established cut point of 1952 counts per minute to meet the
minimum threshold for moderate intensity activity [22].

Website use was tracked throughout the project period using
built-in software. Variables of interest included number of
log-ins and time spent on websites for all participants, as well
asthe number of timeskey intervention website featuresrelated
to PA goal-setting, personal PA reports, PA tips, and message
board for socia support were used. Self-reported satisfaction
with the website was measured using consumer satisfaction
guestions on the follow-up surveys.

Data Analysis

Overall log-insto the study website were summarized monthly
and compared between groups at each month using t tests. In
addition, changes over time in number of log-ins within group
was compared using a generalized linear model. Total time
spent on the website was calculated for each arm during the
intervention period (baseline to 6 months), maintenance period
(6to 12 months), and total study period (baselineto 12 months).
Using aseries of generalized linear models, we tested the effect
of total time spent on the website and total number of log-ins
over 12 months on both primary measures of intervention
success (minutes per week of MV PA collected subjectively via
the 7-day PAR and objectively viaaccel erometer). Modelswere
adjusted for baseline MVVPA, group, and wear time (in the case
of accelerometry).

Asasecondary outcome, we examined the effects of time spent
on the website and number of log-ins on the odds of meeting
national American College of Sports Medicine (ACSM)
guidelines [23] for MVPA (=150 minutes per week) at 12
months, measured subjectively and objectively.
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Using a series of generalized linear models, we tested the
association between time using each feature and PA outcomes
(self-report and objectively measured minutes per week of
MV PA) using aseries of univariate models. Significant features
(defined as those for which increases in use were significantly
associated with increased minutes of MVPA a 12 months
controlling for baseline) were then considered as part of a
multivariate model predicting 12-month outcomes.

Associations between log-ins and targeted psychosocia
constructs during the adoption phase were explored using a
series of generalized linear models in which the mean value of
the construct (eg, self-efficacy) at 6 months (primary end point)
was regressed on baseline value of the construct, number of
log-ins over 6 months, and treatment arm.

Finaly, self-reported satisfaction with the website was
summarized, and descriptive statistics are reported for the
intervention arm. All analyseswere carried out in SAS 9.3 (SAS
Ingtitute), with significance level set at alpha=.05 a priori.
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Results

Participants (N=205) wereall Latina, mostly Mexican American
(172/205, 83.9%), with an average age of 39.2 (SD 10.5) years.
Full descriptions of participant demographics are presented in
Table 1.

Physical Activity Outcomes

Main outcomes of self-reported and objectively measured
minutes of MVPA in both groups across al time points are
reported in Table 2. Intervention arm parti cipants demonstrated
significantly greater gains in MPVA than control arm
participants. Intervention participantswere morelikely to report
meeting ACSM guidelines (=150 minutes per week of MV PA)
than control participants at 6 (31% vs 12%) and 12 (29% vs
19%) months, athough group differences were not significant
with accelerometer data at 6 (13% vs 9%) or 12 (16% vs 13%)
months.
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Characteristics Intervention (n=104) Control (n=101)
Hispanic, n (%) 104 (100) 101 (100)
Age (years), mean (SD) 38.8(10.6) 39.6 (10.4)
First generation in the United States, n (%) 90 (86.5) 78(77.2)
Body massindex (kg/m?), mean (SD) 29.1(5.8) 28.6 (4.5)
Race, n (%)
White 47 (45.2) 59 (58.4)
Mixed 18 (17.3) 15 (14.9)
Other 32(30.8) 19 (18.8)
Ethnicity, n (%)
Mexican 86 (82.7) 87 (86.1)
Columbian 2(1.9) 5(5.0)
Guatemalan 2(1.9 0(0)
Puerto Rican 1(1.0) 1(1.0)
Dominican Republic 1(1.0 0(0)
Other 15 (14.4) 11 (10.9)
Yearly household income, n (%)
Less than $30,000 72 (69.3) 64 (63.5)
$30,000-$50,000 18 (17.3) 25 (24.7)
$50,000 or more 10(9.6) 7 (6.9
Don't know 4(3.8) 5(5.0)
Employment status, n (%)
Unemployed 51 (49.0) 41 (41.0)
Part-time 26 (25.0) 30(30.0)
Full-time 26 (25.0) 29 (29.0)
Refused/no answer 1(1.0 0(0)
Education level, n (%)
Less than high school 15 (14.6) 14 (13.9)
High school graduate 16 (15.5) 8(7.9)
Vocational/technical 15 (14.6) 12 (11.9)
Some college 57 (55.4) 67 (66.3)
L anguage spoken in home, n (%)
Only Spanish 42 (40.4) 35(34.7)
More Spanish 32(30.8) 33(32.7)
Both equally 16 (15.4) 24.(23.8)
More English 12 (11.5) 5(5.0)
Only English 2(1.9) 4(4.0)
Marital status, n (%)
Married 52 (50.0) 58 (57.4)
Living with partner 5(4.8) 6(5.9)
Separated 14 (13.5) 3(3.0)
Divorced 11 (10.6) 17 (16.8)
Widowed 2(19 3(3.0)
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Characteristics

Intervention (n=104) Control (n=101)

Never married

Health literacy score (score of 23-26 adequate)

20 (19.2)
34.8(2.7)

14 (13.9)
37.2(22.8)

Table 2. Self-reported and objective moderate to vigorous physical activity at each study time point.

Variable Intervention, mean (SD) Control, mean (SD)

Baseline 6 months 12 months Baseline 6 months 12 months
Sdlf-reported MVPA? (miniwk), 7-day PARP, (n=205) 80(15.0)  1128(97.1) 1086(107.2) 104(240) 630(883) 75.9(89.8)
Accelerometer measured MV PA in 10-min bouts 35.8(69.7) 75.8(91.0) 70.4(86.4) 28.7(48.2) 43.0(60.9) 55.5(74.6)

(min/wk), (n=200)

3MVPA: moderate to vigorous physical activity.
PPAR: physical activity recall.

Treatment Engagement

Overall, participants logged in to the website an average of 22
(SD 28) times over 12 months, with intervention participants
logging on significantly morethan controls (29 vs 14.7, P<.001).
On average, intervention participants spent more time on the
website at months 1, 4, and 6 compared to all other months,
with maximum use at month 4. Unadjusted associ ati ons between
log-ins and self-reported MVPA are presented in Figure 1.
Unadjusted associations between log-ins and objectively
measured MV PA are presented in Figure 2.

Both log-ins and time spent on the website were significantly
related to intervention success (achieving higher mean minutes
of MVPA per week at 12-month follow-up, controlling for
baseline: b=.48, SE 0.20, P=.02 for objectively measured MV PA
and b=.74, SE 0.34, P=.03 for sef-reported MVPA).
Furthermore, those meeting ACSM guidelines for PA at 12
months (=150 minutes per week of self-reported MV PA) spent
significantly more time on the website than those not meeting
guidelines (35 vs 20 minutes over 12 months, P=.002). Figure
3 illustrates differences in the association between log-ins and
self-reported MV PA by group over time. A significant difference
in self-reported MV PA was apparent at 6 monthsfor participants
who logged in at least 1 time per month in theintervention arm

http://www.jmir.org/2019/7/e13063/

(P=.04) but not the control arm (P=.54). At the 12-month
follow-up, no difference was apparent in the intervention arm
(P=.94), but the difference approached significance in the
control arm (P=.054).

Among participants in the intervention arm, goal-setting
features, personal PA reports, and PA tips were the most used
portions of the website. Higher use of these features was
associated with greater success in the program (more minutes
of self-reported MVPA at 12 months controlling for baseline).
Specifically, one additional use of these features per month over
12 monthstranglated into an additional 34 minutes per week of
MVPA (goals feature), 12 minutes per week (PA tips), and 42
minutes per week (PA reports). Results of the adjusted analyses
are presented in Table 3.

Exploratory analyses suggest that independent of the effect of
randomization, number of log-ins was positively associated
with greater self-efficacy (b=.004, SE 0.002, P=.05) and social
support (rewards and punishment subscale: b=.006, SE 0.003,
P=.03) at 6 months such that more log-ins was associated with
higher 6 months scores on these variables controlling for
baseline. There were no significant effects of log-ins on
psychosocial constructs (behavioral and cognitive processes,
enjoyment, and socia support family and friends scores) at 6
months.
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Figure 1. Unadjusted association between log-ins and self-reported moderate to vigorous physical activity over 12 months.
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Figure 2. Unadjusted association between log-ins and objectively measured moderate to vigorous physical activity over 12 months.
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Figure 3. Comparing log-in rates and moderate to vigorous physical activity over time by group.
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Table 3. Adjusted associations between website components and self-reported moderate to vigorous physical activity at 12 months among intervention

participants.
Component b2 SE P value
Goal setting 2.85 1.38 .04
Physical activity tips 1.00 0.82 .05
Physical activity reports 3.49 1.28 .008

8: unstandardized regression coefficient. Models adjusted for baseline physical activity.

Consumer Satisfaction Survey

All participants in the intervention arm reported that the
intervention was at least somewhat enjoyable (66/66, 100%),
and the majority (62/66, 94%) reported that the website was at
least somewhat motivating. Ease of use of the website features
was rated on a 5-point scale ranging from not at al easy (0) to
very easy (5). The majority of participants reported that the
following featureswere at | east somewhat easy to use: recording
activity (60/67, 90%), setting goals (59/67, 88%), message board
(54/67, 81%), ask the expert (50/67, 75%), and places to be
active (38/67, 57%). Lessthan half of participants (32/67, 48%)
reported the MapMyWalk feature to be somewhat or very easy

http://www.jmir.org/2019/7/e13063/

RenderX

to use. Most participants reported using most of the features,
including the self-monitoring/activity record (58/64, 91%), goal
setting 58/64, 91%), message board (52/63, 83%), ask an expert
(47/63, 75%), places to be active (37/63, 59%), and
MapMyWalk (31/63, 49%). However, when asked to rank the
most helpful feature of the website, the most commonly first
ranked feature was MapMyWalk (10/63, 16%), followed by
online exercise resources (6/63, 10%). The majority of
participants reported gaining at least some knowledge from the
website (64/66, 97%), and most (62/65, 95%) reported that the
monthly email questionnaire reminders were at |east somewhat
helpful.
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Discussion

Principal Findings

These results demonstrate that greater use of a tailored,
internet-based PA intervention, particularly certain features on
the website, was significantly related to increased PA levelsin
Latinas. These positive dose-response results support the
existing treatment engagement literature [24-26] and suggest
that PA and other health behavior interventions may be more
successful than they appear in intent-to-treat analyses, which
includeall participantsregardless of the actual dosethey receive
of theintervention. The results from this study are encouraging
for health promotion researchers in that they demonstrate that
an evidence-based internet-delivered intervention might have
higher efficacy when used as intended. Given that lack of
engagement is a major obstacle in health promotion research
[27], these findings also reveal a need to identify effective
strategies to promote engagement and treatment adherence.

Although participants of the Pasos HaciaLa Salud intervention
reported using most of the intervention features, our analyses
of user data revealed that some features were more frequently
used than others and that the level of engagement of participants
with different intervention features had an effect on the number
of minutes per week of MV PA. Engagement in internet-based
health promotion interventions may be subject to unique
challenges, driven mainly by limited face-to-face contact with
participants[27,28]. Internet-based interventions, however, also
grant unigque opportunities for theimplementation of strategies
that have been associated with increased engagement, such as
tailoring and personalization of messages [26,29,30]. In the
Pasos HaciaLa Sdlud intervention, tailoring and personalization
were successfully employed in different website elements,
including goal-setting and personalized reports; both of these
intervention components were associated with the greatest
increases in MVPA. On the other hand, increased use of other
website features, including the possibility to interact with the
researcher through the website and the group chat (meant to
provide socia support), was not associated with increased
MVPA. In previous research, social support has produced mixed
results for engagement, with some studies, but not all, showing
increased support to be associated with increased engagement
and adherence [30-32]. One study found that an online
community increased intervention adherence and those who
had little support at baseline used and benefited more from this
feature compared with those who already had a supportive social
network [31]. Perhapsalimitation of the message board feature
on our website was that participants were anonymous and did
not know each other, so they may not have been motivated to
interact with each other or depend on each other for social
support. Future research could consider including asocial media
component as part of the online intervention.

This study also revealed that overall engagement with the
website peaked at key study time points (ie, around measurement
and intervention visits) but overall decreased over time, which
is also consistent with previous literature [24,25]. Moreover,
the effect of increased engagement among intervention
participants (specifically, logging in at least once per month)
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on minutes per week of MV PA seemsto have dissipated during
the maintenance period, as shown in Figure 3, perhaps as a
result of this decreased engagement over time. A number of
factors may help explain this decline in engagement. For
example, participants may have become increasingly
independent in their behavior and decreasingly dependent on
tools available through the website or they may have become
bored with the relatively static content despite regular updates
such as daily PA tips and message board discussions. Another
potential explanation isthat these results may reflect the limited
use of prompts and email reminders sent to participants during
the tapered maintenance period (months 6 to 12) compared to
the active intervention period (months 1 to 6), as previous
research suggests that reminders are important to maintain
engagement among intervention participants [32]. Curiously,
the relationship between monthly log-ins and MV PA minutes
in the control group grew stronger at 12 months, nearing
statistical significance. Unfortunately we do not have an
explanation for this unexpected differential finding. Identifying
strategies for continuous engagement with behavior change
tools during maintenance stages is an important area for future
research. Text messages would be a possible intervention to
explore.

Another important research question is to examine whether
individuals and populations who are less tech-savvy are less
likely to remain engaged with the different features of
technology-based interventions. For example, it is notable that
the feature MapMyWalk was ranked the most helpful by many
intervention participants but was also seen asaless user-friendly
feature by approximately half of the participants. Although this
feature might have filled a specific need among those who were
able to use it, increased user-friendliness might have enabled
more participants to benefit from it. Thus, it is important to
identify strategies to simplify this and similar intervention
featuresto make them more accessibl e to participants who may
be less tech-savvy in order to promote increased engagement
and ensuing behavior change. Furthermore, future research
should test interface design features that might better engage
Latino populations so they are more likely to access and
effectively use internet-based interventions for improving
physical activity and other health behaviors. For example, future
research could include delivery of internet- or app-based
interventionsthat can be accessed on mobile phonesrather than
computers, as L atinos are heavily reliant on mobile phones for
their internet access, more than other ethnicities. While Latinos
have lagged other groups in accessing the internet and having
broadband at home, they have been among the most likely to
own a maobile phone and access the internet from a mobile
device.

The results of this study are particularly encouraging for
researchers focusing on Latino populations, who face a higher
risk of chronic diseases and other health problems related to
insufficient PA. Linguistically and culturally adapting existing
evidence-based treatment materials to match the needs of this
underserved population and delivering them via the internet
appears to be afeasible way to reach this population. Overall,
the majority of intervention participants reported some
knowledge gain and found the intervention to be at least
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somewhat enjoyable and engaging. Additionally, successfully
engaging participantsin onlinetoolsto address behavior change
techniques appears to result in significant increases in PA.
Moreover, the frequency and time necessary for these significant
gains was relatively minimal, suggesting that the participant
burden was low and the cost was effective.

Limitations

This study has certain limitations. Mainly, adherence and
engagement cannot be experimentally tested, and thus we cannot
rule out confounding variables driving the observed
relationships. Other factors (eg, self-efficacy, motivation to
change) may be driving both engagement and changes in
MVPA. Additionally, although we have objective measures of
engagement, such as number of log-ins and time spent on the
website, these measures may be susceptible to error. For
example, time spent on the website may be imprecise if
participants remained logged into the website for a period of
time but did not engage with it throughout the entire period (for
example, if they were browsing other websiteswhile remaining
logged in to the study website). Nevertheless, by using two
different objective measures of engagement (log-ins and time
spent), as opposed to solely one measure, we aimed to
corroborate the results and strengthen the evidence. Another
limitation is that a component of the study intervention was
emailing participants to remind them to log in and complete
their monthly questionnaire in order to receive a$10 incentive,
which may have differentially influenced the amount of user
engagement with different features of the website, specifically
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encouraging use of the personalized reports feature. However,
it may have also served to drive participantsto the website when
they would not have otherwise logged in at all and increased
log-ins and time spent on multiple features of the website. As
such incentives may not be replicable in dissemination of
Web-based interventions, future research should examine the
role and importance of incentives in website engagement.
Monetary and nonmonetary (eg, attention, socia support)
incentives to participate in this study are not scalable in
real-world settings, and thus the generalizability of the results
from a public health standpoint should be tempered.

Conclusions

Overdll, results of this study suggested that greater use of an
internet-based PA intervention, particularly certain features of
the website, was significantly related to increased PA levelsin
Latinas. These results are encouraging from a public health
perspective because this type of intervention can be delivered
on alarge scaleat arelatively low cost onceit is developed and
published online. Because data suggests that Latinas are using
theinternet and other technol ogy-based devices at arapid pace,
developing and disseminating these types of interventionsis a
potentially cost-effective way to help address the PA-related
health disparities faced by this population. These findings also
emphasize the importance of identifying effective ways to
promote engagement and adherence to specific components to
help ensure that participants receive the intended dose of the
intervention.
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Abstract

Background: Accurate measurement of medication adherence using classical observational studiestypically depends on patient
self-reporting and is often costly and slow. In contrast, digital observational studiesthat collect data directly from the patient may
pose minimal burden to patients while facilitating accurate, timely, and cost-efficient collection of real-world data. In Germany,
~80% of patients with multiple sclerosis (MS) treated with interferon beta 1b (Betaferon) use an electronic autoinjector
(BETACONNECT), which automatically records every injection. Patients may also choose to use a medical app (myBETAapp)
to document injection data and their well-being (using a“wellness tracker” feature).

Objective: The goal of this pilot study was to establish a digital study process that allows the collection of medication usage
data and to assess medication usage among patients with M S treated with interferon beta-1b who use myBETAapp.

Methods: The PROmyBETAapp digital observational study was a mixed prospective and retrospective, noninterventional,
cohort study conducted among users of myBETAapp in Germany (as of December 2017: registered accounts N=1334; actively
used accounts N=522). Between September and December 2017, users received two invitations on their app asking them to
participate. Interested patients were provided detailed information and completed an electronic consent process. Data from
consenting patients’ devices were collected retrospectively starting from the first day of usage if historical data were available
in the database and collected prospectively following consent attainment. In total, 6 months of data on medication usage behavior
were collected along with 3 months of wellness tracker data. Descriptive statistics were used to analyze persistence, compliance,
and adherence to therapy.

Results: Of the 1334 registered accounts, 96 patients (7.2%) provided informed consent to participate in the study. Of these,
one patient withdrew consent later. For another patient, injection data could not be recorded during the study period. Follow-up
of the remaining 94 patients ended in May 2018. The mean age of participants was 46.6 years, and 50 (53%) were female. Over
the 6-month study period, persistence with myBETAapp usage was 96% (90/94), mean compliance was 94% of injections
completed, and adherence (persistence and =80% compliance) was 89% (84/94). There was no apparent difference between male
and female participants and no trend across age groups. The wellness tracker was used by 21% of participants (20/94), with a
mean of 3.1 entries per user.

Conclusions: This study provides important information on medication usage among patients with M S treated with interferon
beta-1b and on consenting behavior of patients in digital studies. In future studies, this approach may alow patients' feedback
to be rapidly implemented in existing digital solutions.

Trial Registration: Clinical Trials.gov NCT03134573; https://clinicaltrials.gov/ct2/show/NCT03134573

(J Med Internet Res 2019;21(7):€14373) doi:10.2196/14373
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Introduction

Background

Inadequate medication usageisamajor challengein all diseases
requiring long-term treatment [1]. Although adherence is
typicaly high during the treatment of acute conditions, for
chronic diseases, it decreases dramatically after the first
6 months of therapy [2]. Despite the importance of adherence
to therapy, assessing medication usage in real-world settingsis
challenging. Large-scale retrospective studies are typicaly
conducted using prescription data, but may not accurately
measure adherence to treatment regimens [3]. Furthermore,
accurate methods of measuring medication adherence using
classical observationa studies typically depend on patient
self-reporting and are often costly and slow. In particular,
longitudinal studies, needed to assess adherence over time, are
more costly than cross-sectional studies or database analyses
[4,5], and repeated clinic visits can be a burden for both
clinicians and patients [6]. In contrast, digital observational
studies that collect data directly from the patient may pose
minimal burden to patients while facilitating accurate, timely,
and cost-efficient collection of real-world data on medication
usage.

One chronic disease for which adherence to medication is
important is multiple sclerosis (MS), a chronic autoimmune
disease of the central nervous system, which typically startsin
young adulthood. The most common subtype of MS is
relapsing—remitting M S, which is characterized by episodes of
neurological dysfunction (relapses) separated by periods of
remission and recovery [7]. There is no cure for MS, and
effective disease management requires strict adherence to
treatment regimen dose and administration schedul es, typically
involving disease-modifying drugs (DMDs) [8-11]. However,
25%-50% of patients with MS taking DMDs are not adherent
[12,13]; among patients using injectable DMDs, the most

http://www.jmir.org/2019/7/e14373/

common reason for nonadherence is forgetting to administer
the injection [12]. Medication adherence among patients with
MShasadirect effect on treatment outcomes, including relapse
rates and health-related quality of life[8,9], aswell ason health
care resource utilization and costs [8-10].

In Germany, ~80% of patients with M S treated with interferon
beta-lb (Betaferon) wuse an €eectronic autoinjector
(BETACONNECT; Bayer, Leverkusen, Germany), which
automatically records every injection. Patients may also choose
to use amedical app (myBETAapp) [14] to document injection
data, which can be automatically transferred from the electronic
autoinjector or entered manually. Patients can also use the app
to document their wellbeing using the “ welInesstracker” feature,
which allows them to manually record the following data on a
Likert scale: ahility to walk, coordination, energy level, bladder
control, exerciselevel, memory, vision, bowel control, emotions,
and eating habits. In addition, for patients who have first
provided informed consent for their data to be stored in the
myBETAapp database, whenever their smartphoneis connected
totheinternet, theinjection-related dataand the welIness-related
dataare transferred to an external server under the surveillance
of an external host. If patients agree (by signing a second
electronic informed consent form together with their treating
health care provider), data can be shared with their health care
provider via an independently hosted online database (Figure
1). Thethree components of the BETACONNECT system—the
autoinjector, myBETAapp, and the BETACONNECT
Navigator—constitute an ecosystem aimed at supporting patients
with MS.

Previous studies have shown that electronic autoinjector useis
associated with ahigh level of adherence and patient satisfaction
[15,16]. In addition, most patients (70/75) using myBETAapp
find it helpful for regular injections, and approximately half
(34/75) use the data sharing feature [17].
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Figure 1. Components of the BETACONNECT system. Republished with permission from Future Medicine Ltd, from Limmroth et al, 2018 [17];
permission conveyed through Copyright Clearance Center, Inc. BETACONNECT Navigator was not part of the PROmyBETAapp study.
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Objectives

The widespread use of the electronic autoinjector in Germany
makes it an ideal setting for a digital observationa study. The
goalsof thispilot study wereto establish adigital study process
that alows the collection of medication usage data and to
investigate medication usage among patients treated with
interferon beta-1b using myBETAapp. In addition, we aimed
toinvestigate the proportion of patients consenting to participate
in the study, and the proportion willing to use the wellness
tracker.

Methods

Study Design and Patients

The PROmyBETAapp digital observational study (tria
registration: NCT03134573 [18]) was a mixed prospective and
retrospective, noninterventional, cohort study conducted among
users of myBETAapp in Germany (as of December 2017,
registered accounts: N=1334, actively used accounts: N=522;
active usage of an account is defined as having actively added,
deleted, or changed data in myBETAapp during the previous
month). Adult patientswith M Streated with interferon beta-1b
were eligible to participate in the study if they were using the
app and provided electronic informed consent.

Study Conduct and Ethics Approval

Between September and December 2017, users received two
invitations on their app asking them to participate. Patientswho

http://www.jmir.org/2019/7/e14373/
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expressed interest in the study (by pressing a button) were
presented with more detailed information in asequential manner:
background, aim of the study, study design and data usage, data
privacy including how to give and withdraw consent, and contact
information at the database host and Bayer in case of questions.
After each sequence, patientswere required to confirm that they
had understood the information and were finally asked to give
their consent to participate. The patient informed consent
document included text requesting patients to report any side
effects or possible side effects to their physicians or nurses, or
directly to the Bayer pharmacovigilance department. Only
patients consenting to all steps were able to participate in the
study.

The study protocol was approved by the ethics committee of
the Nordrhein Medical Chamber (approval number AZ
2017170).

In this observational study, interferon beta-1b was prescribed
in accordance with the terms of the marketing authorization.
Therewas no assignment of apatient to a particular therapeutic
strategy. The treatment decision fell within current practice,
and the prescription of the medicineswas clearly separated from
the decision to include the patient in the study. No additional
diagnostic or monitoring process was required for enrolment
or during the study. Furthermore, patients made their decisions
to use myBETAapp and participate in the study freely. In
addition, patients were free to withdraw from the study at any
time and without giving areason; after withdrawal of a patient
from the study, data from that patient were not used for any
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further analyses. No investigator was involved in the patient
recruitment or data collection processes.

Data Collection

Data from consenting patients devices were collected
retrospectively, starting from the first day of usage if historical
data were available in the database and collected prospectively
following consent attainment. In total, 6 months of data on

Limmroth et al

medi cation usage behavior were collected along with 3 months
of wellness tracker data. With respect to the wellness tracker,
the only data recorded were whether a participant used it and,
if so, how often. All data collected in myBETAapp were
transferred viatheinternet to adatabase hosted by TWT Digital
Health GmbH (Heidelberg, Germany). Data collected directly
or calculated by TWT Digital Health GmbH based on directly
collected data are listed in Table 1.

Table 1. Dataderived from the el ectronic autoinjector and myBETAapp (directly collected or calculated) that were transferred to the study database.

Data Description

BETACONNECT injection

patient_id

injection_date_times-
tamp_utc

dose

injection_site
flag_manual _autoinjector
needle_depth
injection_speed

Patient

patient_id
acceptance_date utc
first_injection_date utc
age

gender

complete wellness_number

Patient identifier
Datarecorded via BETACONNECT: date and time of injection within the first 6 months of usage

Datarecorded via BETACONNECT: dose of interferon beta-1b; possible values: 0.25, 0.5, 0.75, 1.00
Datarecorded via BETACONNECT: “unknown”; manual data entry viamyBETAapp

Autoinjector: data recorded via BETACONNECT; Manual: data manually entered by patient into myBETAapp
Datarecorded via BETACONNECT: injection depth; possible values: 8, 10, 12

Datarecorded via BETACONNECT: speed of injection; possible values: low, medium, high

Petient identifier

Date of patient’s consent to participate
Not used for analysis

Age of patient

Gender of patient; possible values. M, F

Number of completed wellness tracker entries within the first 3 months of usage

Data Quality

Data stored in the database were cleaned before analysis.
Patients were free to choose not to download their injection data
from the electronic autoinjector into the app, instead
documenting injections manually or choosing not to record any
injection information in the app. In addition, anumber of factors
could have affected the quality of the collected data, including
data collection and synchronization of datafrom the electronic

Textbox 1. Data cleaning procedure.

autoinjector at multiple time points, patient preferences for the
myBETAapp reminder function, and settings for forwarding
data from the app to the database. As a result, it was possible
for the database to include multipleinjection recordsfor agiven
day. Therefore, prior to data analysis injection, data were
automatically corrected according to the rules described in
Textbox 1. Redundant data not considered by these rules were
not cleaned manually. All data transferred to Bayer were
anonymized.

Identical data entries

«  Duplicate data entries were del eted.

Multiple data entries on same day

kept.

Combination of manual and autoinjector data on the same day

data.

« If more than one autoinjector record or more than one manual data entry was available for the same day, the last entry (ordered by time) was

« If both autoinjector and manual data entries were present for a given day, the autoinjector record was used.
. If theautoinjector record injection site was “unknown,” the injection site from the manual record was substituted.

« If theautoinjector record included injection site data, the autoinjector record was used, even if the manual record included different injection site

http://www.jmir.org/2019/7/e14373/
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Statistical Analysis

Statistical Methods

Analyses of persistence, compliance, and adherence, defined
as shown in Textbox 2, were conducted using descriptive

Textbox 2. Study definitions.

Limmroth et al

statistics. The analyses included a stratified analysis according
to gender and age subgroups.

Missing data can result from various reasons, including technical
issues and patients choosing not to document additional
information on injections via the app.

«  Persistence: The patient was still using interferon beta-1b at the end of the 6-month study period.

«  Compliance: Percentage of expected doses actually injected.

« Adherence: The patient was both persistent and =80% compliant.

Study Size

Injection-related data from 40 patients would alow
determination of mean compliance (%) with +10% for a
two-sided approximate 95% CI with >99% confidence
(assuming an SD of 15%-20%).

Sensitivity Analysis

Sensitivity analyses were conducted on data derived from the
BETACONNECT autoinjector only. A patient wasincluded in
the sensitivity analysis if he/she had provided only injection
data recorded by the BETACONNECT throughout the
observation period.

Table 2. Study participants according to their age (N=94).

Results

Participants

Of the 1334 registered myBETAapp accounts, 96 patients
(7.2%) provided their informed consent to participate in the
study. Of these, one patient withdrew informed consent later.
For another patient injection data could not be recorded during
the study period, apparently because of a technical issue.
Follow-up of the remaining 94 patients ended in May 2018.
The mean age of participants was 46.6 years, 50 (53%) were
female, and 44 (47%) were male (Table 2).

Age group (years) Total, n (%) Female, n (%) Male, n (%)
<30 10 (11) 9(18) 1(2)
30-39 23 (24) 14 (28) 9(20)
40-49 32(34) 15 (30) 17 (39)
50-59 15 (16) 5(10) 10 (23)
>60 14 (15) 7 (14) 7 (16)
Data Collected female participants (62%) and 23 of the 44 male participants

Injection Data

For most patients (54/94, 57%), only autoinjector data were
available, while 26 of 94 patients (28%) used both autoinjector
data and manual documentation (Table 3). Intotal, 31 of the 50

http://www.jmir.org/2019/7/e14373/

(52%) did not enter any manual data. In the group aged 30-39
years, only 8 of the 23 patients (35%) used autoinjector data
alone, and 11 (48%) used both autoinjector data and manual
documentation. The majority of participants (60/94, 64%)
recorded injection location data.
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Table 3. Injection and wellness tracker data collected (N=94).

Limmroth et al

Data Total Female Male
Injection, n (%)
I njection patterns
Autoinjector data only 54 (57) 31 (62) 23 (52)
Manual dataonly 14 (15) 8(16) 6 (14)
Both autoinjector and manual data 26 (28) 11 (22) 15(34)
I njection location data
Yes 60 (64) 31(62) 29 (66)
No 34 (36) 19(38) 15 (34)
Wellness tracker
Use of wellnesstracker, n (%)
Yes 20 (21) 13 (26) 7 (16)
No 74.(79) 37 (74) 37 (84)
Number of wellnesstracker entries per user
Number of users 20 13 7
Mean (SD) 3.1(4.0) 3.6(5.1) 2(0.8)
Minimum 1 1 1
012 1 1 1
Median 2 1 2
o3P 25 2 3
Maximum 17 17 3

3Q1: lower 25% quartile.
bQ3: upper 75% quartile.

Wellness Tracker Data

Over the 3-month observation period, the wellness tracker was
used by 20 of 94 participants (21%), with amean of 3.1 entries
per user (Table 3). Female patients were more likely to use the
wellness tracker than male participants (13/50, 26%, vs 7/44,
16%) and made more entries (mean: 3.6 vs 2.0 entries per user).

http://www.jmir.org/2019/7/e14373/

M edication Usage

Over the 6-month study period, persistence was 96%, with only
4 of 94 patients discontinuing treatment. The mgjority of patients
did not miss any injections (median compliance: 100%, mean:
94%, Table 4 and Figure 2). Compliance was lowest among
patients aged 30-39 years (median 100%, mean 89%).
Adherence was 89% over the 6-month observation period (84/94
participants were adherent; Figure 2). There was no apparent
difference between femal e (44/40, 88%) and male (40/44, 91%)
participants and no trend across age groups.
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Table 4. Persistence, compliance, and adherence in the main analysis and sensitivity analysis groups.

Data Total Female Male

Main analysis group

Participants, n (%) 94 (100) 50 (53) 44 (47)
Persistence, n (%)
Yes 90 (96) 47 (94) 43 (98)
No 4(4) 3(6) 12
Compliance
Mean (SD) 93.6 (14.5) 92.9 (15) 94.3(14)
Minimum 233 35.6 23.3
Q1@ 94.4 94.4 95.6
Median 100 994 100
Q3b 100 100 100
Maximum 106.7 106.7 106.7
Adherence, n (%)
Yes 84 (89) 44 (88) 40 (91)
No 10 (12) 6 (12) 4(9
Sensitivity analysis group
Participants, n (%) 54 (100) 31(57) 23 (43)

Persistence, n (%)

Yes 52 (96) 29 (94) 23 (100)
No 2(4) 2(6) 0(0)
Compliance
Mean (SD) 93.6 (13.6) 92.8 (15.7) 94.7 (10.5)
Minimum 35.6 35.6 57.8
Q12 95.6 95.6 94.4
Median 98.9 98.9 100
o3P 100 100 100
Maximum 101.1 101.1 101.1
Adherence, n (%)
Yes 49 (91) 28 (90) 21 (91)
No 5(9) 3(10) 2(9)

3Q1: lower 25% quartile.
bQ3: upper 75% quartile.
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Figure2. (A) Mean compliance and (B) adherence over the 6-month study period. Barsin (A) indicate SD.
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Sensitivity Analysis

All analyses performed for the full analysis set (N=94) were
repeated in the subgroup of patientsfor whom only autoinjector
data were available (N=54; Table 4). The demographics of the
sensitivity analysis group (mean age, 47.2 years; 31/54 or 57%
female) were similar to those of the full analysis set (Table 2).
Persistence (96% in both analyses [90/94 and 52/54 participants
included in the full analysis and sensitivity analysis,
respectively]), compliance (median: 100%, mean: 94% in full
analysis; median: 99%, mean: 94% in sensitivity analysis), and
adherence (84/94, 89% in full analysis vs 49/54, 91% in
sensitivity analysis) were similar in the two groups.

Discussion

Principal Results

This pilot study demonstrates the feasibility of a digital
observational study design, with recruitment, consent, and data
collection conducted via myBETAapp, and data retrieved and

http://www.jmir.org/2019/7/e14373/

XSL-FO

RenderX

Age (years)

processed in atime- and cost-€fficient manner. The proportion
of patients participating was 7.2% of the registered accounts.
Injection data were successfully obtained for almost all
participants, and the sensitivity analysis showed that useful data
can be generated without any manual input from patients. Only
aminority of patients chose to use the optional wellnesstracker
function. The results show that for patients with MS using the
app in Germany, persistence, compliance, and adherence over
the 6-month period were high.

Comparison With Prior Work

Overdll, the proportion of participants who were male (44/94,
47%) was higher than that seen in arecent German observational
study of patientswith MSusing interferonsor glatiramer acetate
(120/429, 28%) [19]. This proportional shift may be dueto the
digital study design.

Adherence based on data collected through myBETAapp was
slightly higher (84/94, 89%) than that obtained in a previous
nondigital study of patients using the electronic autoinjector
(62/77, 80.5% [at 24 weeks]) [15]. A potential explanation for
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thismay bethe reminder function implemented in myBETAapp;
however, we did not investigate use of thisfeaturein our study.
No comparative data on persistence, compliance, or adherence
between patients receiving interferon beta-1b who use the
myBETAapp and those who do not use the app are available.
A similar proportion of adherent patients (131/158, 82.9% [at
24 weeks]) was seen in another nondigital observational study
of patientswith MSusing adifferent electronic injection system
[20]. Therefore, medication usage data obtained through the
app arelikely to be reliable.

Consistent with previous studies on MS [8,21,22], in this
analysis, compliance and adherence to medication were lowest
among participants aged 30-39 years. For this group of
working-age patients, the effectiveness of M S treatment may
have a significant impact on long-term health-related quality
of life. One strength of digital observational studies of thiskind
isthe potentia to rapidly distinguish patient cohorts for whom
particular treatment regimens or support may be appropriate.

Potential of Digital Observational Studies

Compared with classical observational approaches, digital
studies have considerabl e potential to reduce costs and improve
efficiency. The costs of conducting longitudina observational
studies can approach those of randomized controlled trials [5],
primarily due to the costs associated with clinical sites. In
particular, recruitment of a large patient population may
necessitate the involvement of many clinica sites, leading to
complexity and high costs; in the United States, site management
costs make up more than half the cost of phase 4 trials[23]. To
avoid site costs, a UK trial of 15,480 patients with diabetes
(ASCEND) was conducted by mail, with overall costs an order
of magnitude lower than those of traditiona clinical studies
[24]. However, recruitment inthe ASCEND trial wasslow [24],
acommon problemin clinical studies[25]. By enabling eligible
patientsto be approached rapidly outside of routine clinic visits,
digital methods may enable studies to be completed more
quickly than traditional studies and at alower cost. In addition,
oncethedigita platform has been established, the marginal cost
of adding additional patients is small, meaning that digital
observational studies can potentialy enroll very large
populations of patients. For example, the Apple Heart Study
recently enrolled more than 400,000 participants in a 9-month
period [26].

Many patients are happy to take part in clinical studies, both to
potentially improve their own treatment and help others by
contributing to scientific research [27]. However, participation
may belimited for several reasons, including theinconvenience
of having to attend additional clinic visits [28]. In addition,
patients whose doctors are not investigators in clinical studies
may not be offered the opportunity to participate [29]. Both of
these barriers to clinical study participation can potentially be
overcome by digital study designs, with patients being able to
take part in studies remotely and potentially without the direct
involvement of their treating physician. Appropriately designed
digital recruitment processes may also increase patient
engagement; directly approaching patients to participate may
make them fed like their contribution is valued and important
in away that being selected by their physician would not. The

http://www.jmir.org/2019/7/e14373/
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US Food and Drug Administration’s newly developed
MyStudies app is an example of a “platform” app that may
facilitate the conduct of digital studieson alarge scale [30].

Limitations

This pilot study has several limitations. First, the data used in
this study were obtained both prospectively (after informed
consent) and retrospectively (before informed consent).
Although retrospectively collected datain observational studies
are prone to recall bias, we believe that thisis not an issuein
our study. Although some data were collected before the start
of the study, they were collected in the same way as the
prospective data, by automatic recording of injection data.
However, we cannot exclude the possibility that participation
in the PROMyBETAapp study may have changed the injection
behavior of the participants. Second, the technology used to
obtain data on medication intake behavior using the electronic
autoinjector and myBETAapp has not been validated. However,
there is no gold standard for recording medication intake in
observationa studies, and direct surveillance is not feasible in
such a setting. Third, technical issues with the smartphone (eg,
connection between the electronic autoinjector and the
smartphone, or between the smartphone and the server) aswell
as patients’ decision not to document additional data may have
led to missing data, which have not been replaced. Fourth, for
the 4% of patients who were classified as nonpersistent, it is
not possible to distinguish between patients discontinuing
treatment and those simply ceasing to document their injections
in the app. Fifth, only patients using interferon beta-1b
participated in the study, limiting generalizability to patients
using other DMDs. However, the aim of the study was to
investigate medication intake behavior among patients using
the app, and the electronic autoinjector is only available to
patients using interferon beta-1b and not to those using other
medications. Sixth, only 7.2% of the registered account users
consented to participate in the study, which may further limit
generalizability to al patientsusing interferon beta-1b. Seventh,
it is possible that mainly technophile patients who were using
myBETAapp decided to participate in the study, which may
constitute asel ection bias. However, M S predominantly affects
young people, who tend to be familiar with using mobile devices
and apps, and any bias introduced is likely to be limited. In
addition, in this pilot study, the results for persistence,
compliance, and adherence were similar among men and women
and across age groups. Eighth, the results must be interpreted
with caution due to the limited sample size, especidly in the
gender and age subgroups. Finally, results beyond 6 monthsare
not yet available. However, studies using the same design over
longer periods of time are planned.

Conclusions

This study providesimportant information on medication usage
and consenting behavior of patients in digital studies.
Persistence, compliance, and adherence over a 6-month period
were high for patients with MS using the app. There are some
open questions, mainly regarding recruitment and study conduct,
which need to be addressed in the future studies. For example,
we need to develop more refined approaches to ensure that
participating patients are representative of the whole population
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of interest. In this context, data privacy aspects may be
important. Specifically, data privacy may determine patients
willingness to share data, in general (ie, to participate or not
participate in adigital study). Willingnessto share certain data
may further differ by datatype, with clinical and wellness data
being potentially more sensitive than medication usage data. In

Limmroth et al

differentiate between patients terminating their medication and
those simply terminating use of myBETAapp. In future studies,
this approach may alow patients feedback to be rapidly
implemented into existing digital solutions. More comprehensive
studiesusing the digital observational design will be conducted,
investigating more clinical and patient-reported outcomes.

addition, we need to use methodology that allows us to
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Abstract

Background: Obtaining collateral information from a patient is an essential component of providing effective psychiatric and
psychotherapeutic care. Research indicates that patients' social and electronic media contains information relevant to their
psychotherapy and clinical care. However, it remains unclear to what degree this content is being actively utilized by clinicians
as apart of diagnosis or therapy. Moreover, clinicians' attitudes around this practice have not been well characterized.
Objective: Thissurvey aimed to establish the current attitudes and behaviors of outpatient clinicians regarding the incorporation
of patients social and electronic mediainto psychotherapy.

Methods: A Web-based survey was sent to outpatient psychotherapists associated with McLean Hospital in Belmont,
Massachusetts. The survey asked clinicians to indicate to what extent and with which patients they reviewed patients' social and
electronic media content as part of their clinical practice, aswell astheir reasons for or against doing so.

Results: Of thetotal 115 respondents, 71 (61.7%) indicated that they had viewed at least one patient’s social or electronic media
as part of psychotherapy, and 65 of those 71 (92%) endorsed being able to provide more effective treatment as a result of this
information. The use of either short message service text messages or email was significantly greater than the use of other electronic
media platforms (X21:24.1, n=115, P<.001). Moreover, the analysis of survey responses found patterns of use associated with
clinicians years of experience and patient demographics, including age and primary diagnosis.

Conclusions: The incorporation of patients’ social and electronic media into therapy is currently common practice among
clinicians at a large psychiatric teaching hospital. The results of this survey have informed further questions about whether
reviewing patient’s mediaimpacts the quality and efficacy of clinical care.

(J Med Internet Res 2019;21(7):€13218) doi:10.2196/13218
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whether electronic and social media content may contain
clinically relevant markers of individuals' behavior and mental
Electronic and social media platforms have become ubiquitous health. Dur_i ng t.his period of rapid uptakein utilization of these
and essential tools in navigating the 21t century [1]. Content  Platforms, itisimportant to understand how they may reflect,
stored and shared on these platforms, therefore, contains MPact, or be used to augment treatment for mental health

extensiveinformation about our everyday livesandinteractions ~ conditions. In this study, we use the term electronic and social
[2]. Research in the mental health field has begun to explore media platformsto refer to appsthat individual s access on their
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mobile phones, tablets, or computers for the purpose of
communicating with or sharing content with others. The most
prominent examples of these platforms include Facebook,
Instagram, email, short message service (SMS) text messaging,
and other messaging apps.

A growing body of literature has begun to examine how we
may leverage electronic media usage to identify markers of
psychiatric illness or response to treatment. Studies analyzing
electronic media content have identified differencesin language
use between healthy individuals and individual s with different
psychiatric disorders, suggesting that clinically relevant signals
across awide variety of illnesses can be found in the language
used on social media platforms [3,4]. Likewise, a recent study
found that analysis of language in Facebook posts can predict
the existence of adepression diagnosisin medical recordswith
asimilar degree of accuracy as established depression screening
surveys [5]. Another study noted that patients' word usage in
emails was a predictor of therapeutic outcomes in a sample of
individuals with social anxiety [6]. Another study correlated
the frequency of socid media posting with health
outcomes—those who posted most frequently on Facebook in
their sample were more likely to have a diagnosis or positively
screen for depression [7].

In examining socia media postings, researchers have devel oped
computational models to better predict onsets of psychiatric
illnesses. One such study analyzed the Twitter activity of users
who reported a clinical depression diagnosis [8]. Researchers
retroactively examined participants’ Twitter content from the
year before the onset of depression to measure markers of social
activity, emotions, and relational concerns. They utilized these
markersto create amodel predicting thelikelihood of depression
onset before a clinica diagnosis [8]. In a similar study,
researchers created computational methodsto screen for markers
of depression and posttraumatic stress disorder (PTSD) in
Twitter users’ posts [9]. They reviewed the Twitter data of
individuals with depression and PTSD from the year before
their clinical diagnosisand those of healthy subjects. They found
their computational models could distinguish content from
healthy and depressed subjects and demonstrated improved
accuracy in correctly diagnosing depression and PTSD as
compared with the general performance of practitioners[9].

Simultaneously, research has begun to explore patient attitudes
toward sharing these electronic media data in the context of
clinica care. A recent study surveyed new patients in a
psychiatric outpatient setting regarding their use of mobile
phones and their willingness to share data collected on their
phones with mental health providers [10]. Overall, the survey
found moderate willingness among patients in a psychiatric
outpatient setting to share data collected via a mobile phone
with their cliniciansand, unsurprisingly, respondents were more
likely to grant amental health app accessto less persona content
[10]. Research has also explored menta health providers
general attitudes toward gathering information about their
patients through electronic sources but has not explicitly
addressed how cliniciansare utilizing patients own social media
content to inform care [11]. For example, in one study, 20% of
responding psychiatrists and psychologists reported searching
online for information about their patients either sometimes or
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often [11]. Of these clinicians, 45% said they would perform a
search to cross-check information, 35% would do so out of
curiosity, and 60% would do so to gather information. The study
did not specify what type of information clinicians were
gathering, nor how this information impacted the care they
delivered [11].

Studies such as these indicate that electronic and social media
can be leveraged as effective predictors and trackers of mental
illness, but it remains unclear to what degree thistype of content
isbeing actively utilized by clinicians as a part of diagnosis or
therapy. Thus, gaps remain regarding how mental health
clinicians are utilizing patients' electronic and social mediato
identify clinically relevant information to improve care and how
they are weighing potential benefits and drawbacks of doing
so. To address these gaps, we surveyed mental health clinicians
who provide outpatient psychotherapy. The goal of the survey
wasto establish to what degree clinicians are currently accessing
patients' social and electronic mediacontent, how they aredoing
S0, inwhat waysthey areincorporating this content into therapy,
and what concerns they have around this practice. Notably, our
project did not seek to characterize electronic communication
between clinicians and patients for the purpose of scheduling,
follow-up, and other clinical needs.

Methods

Respondents

The survey population consisted of 115 outpatient psychotherapy
clinicians associated with McLean Hospita in Belmont,
Massachusetts, who completed a Web-based survey regarding
their use of social and electronic mediaas part of their standard
clinical care. The principal investigator emailed the survey to
the 244 individuals included on the McLean Hospital master
outpatient clinician mailing list. Emailswere sent out in 2 rounds
of email blasts between April 19, 2018, and June 6, 2018. The
first round of emailswent to 102 outpatient clinicianswho work
within formal hospital clinics, and the second went to 142
clinicians doing hospital-based private practice. For both rounds,
reminder emailswere sent 3, 5, and 8 daysfollowing the original
email. Of the 244 email recipients, 13 email addresses were
deemed undeliverable, resulting in 231 valid email addresses.
With 115 total respondents out of 231 recipients, the overall
response rate for this survey was 49.8%. The respondents
spanned a range of professional disciplines and reflected the
diversity of psychotherapy provided at McLean hospital. The
email link to the survey specified that the purpose of the survey
was to gain an understanding of whether and how clinicians
were accessing electronic media in regular care. We did not
collect demographic information on clinicians.

Survey Instrument

We were unable to identify an existing instrument that would
adequately allow us to capture the breadth of information
regarding clinician attitudes and behaviors around use of
electronic media. Hence, we developed our own instrument
designed by consensus among senior study investigators (KR,
CB, and 1V) to capture naturalistic use of electronic mediain
therapy. We built in items to facilitate stratification by
qualification and years of experience. We elected to limit
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information about clinician demographics to minimize survey
time and maximize response rate. We next built itemsto capture
what types of electronic mediaplatformswereused andin which
patient populations this approach had been tried. Finaly, we
developed items to capture with greater detail the process of
accessing this information, maintaining privacy, and its
usefulness.

The survey, which is available in Multimedia Appendix 1, was
created using Google Forms and consisted of 17 questions. First,
respondents were asked to indicate their professional degree
and number of years of clinical experience. Respondents were
then asked to respond yes or no to whether they had viewed a
patient’'s social or electronic media as part of outpatient
psychotherapy. If they responded no, they were asked whether
or not they had considered viewing this content and the major
factors or concernsthey might consider in making the decision.

If they responded yes, they were prompted to answer 12 more
guestions aimed at characterizing their use of this content in
psychotherapy. Clinicians were asked which platforms they
accessed and how they accessed them—whether it was directly
with the patient in the session, outside of the session with the
patient’s permission, or indirectly via report from the patient
or their loved ones. The survey also asked with which age
demographic and clinical populations the clinicians used this
approach, with how many patients they used it, and in
approximately how many sessions per patient. Following these
guestions, clinicians were asked whether they believed access
to this information helped improve the quality of care they
delivered. Additional detailswere collected around the process
of accessing this information—namely, which party had
suggested accessto this content and whether they had discussed
issuesaround privacy. Finally, 2 free-response questions allowed
respondents to share their reasons for and concerns about
accessing this type of content in their clinical care.

Data Safety and Storage

The survey was distributed via a private Google Survey
invitation to clinicians' professional secure email addresses.
Only those with the link were able to access it. Data from the
survey were downloaded and saved on private Partners
Healthcare servers. No identifying information was collected,
unless the respondents chose to volunteer such information at
the end of the survey; there was space for respondents to give
their name and email addressif they wereinterested inlearning
more about technology-related projects being conducted at the
hospital. This question was removed from the dataset before
data analysis to deidentify the responses.

Data Analysis

All dataanalyseswere performed using the SPSS 3 (IBM SPSS
Statistics) statistical package. For quantitative items, descriptive
statistics were generated, and then respondents were stratified
by years of clinical experience and by professional degree,
followed by acomparison of differences using chi-squaretests.
For questions in which respondents had the option to write
free-text responses, these responses were consolidated into
categories upon consensus by study staff and then recoded
accordingly. As the volume of qualitative data was relatively
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low and we had distinct statements from each respondent, we
elected not to use customized qualitative analysis software.
Instead, we adapted a simple qualitative classification approach
[12] and sorted qualitative statementsinto broad themes which
this study investigators agreed to by consensus.

This project was undertaken asaquality improvement initiative
at McLean Hospital and as such was not formally supervised
by the institutional review board per their policies. The
institutional review board providesachecklist [13] to determine
whether a specific project qualifies as a quality improvement
initiative. A total of 4 of the study investigators (KH, PM, PO,
and IVV) assessed this study simultaneously and independently
using this checklist, and all determined that the project met
criteria to qualify as a Qll. We also communicated this to the
institutional review board who confirmed that if the study meant
QIl, forma supervision was not required. We utilized the
existing mechanism for mass email communication with
McL ean cliniciansto appropriately disseminate the survey, and
we specified that responding to the survey was voluntary and
part of an information gathering process.

Results

Respondent Demographics

Of the 115 clinicians who responded to the survey, 31 (27.0%)
hold MDs as their professional degree, 35 (30.4%) hold PhDs,
and 30 (26.1%) hold Licensed Clinical Social Worker (LCSW)
degrees. Other degreesrepresented in smaller numbersinclude:
Advanced Practice Registered Nursing degrees, MD/PhD,
Licensed Mental Health Counselor degrees, and MA degrees.
Moreover, 47 (40.9%) respondents have less than 10 years of
clinical experience, 29 (25.2%) have 10 to 20 years of
experience, and 39 (33.9%) have more than 20 years of
experience.

Overall Viewing Rates

Of the 115 respondents, 71 (61.7%) indicated that they had
viewed at least one patient’s social or electronic media as part
of psychotherapy. The remaining 44 (38.3%) indicated that they
had never viewed a patient’s electronic media. A total of 1
respondent who indicated having viewed a patient’s media did
not answer al the subsequent questions regarding this content.
Therefore, some of the follow-up questions for clinicians who
reported yes to viewing media had 71 total responses and some
had only 70 responses.

Of the 44 respondents who have not viewed patient’s media,
10 (23%) said that they have considered incorporating this
content into therapy sessions.

Types of Media Viewed

Table 1 summarizes the breakdown of patients' social and
electronic media platformsthat clinicians viewed. A total of 60
of 70 respondents to this question (86%) viewed SMS text
messages and 56 (80%) viewed emails, making these the most
frequently accessed platforms. The use of either SMS text
messages or email was significantly greater than the use of any

of the other electronic media platforms ()(21:24.1, N=115,
P<.001).
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Table 1. Type of mediaviewed by clinicians.

Hobbs et d

Mediatype Responses (yes), n (%)
SMS (short service message) 60 (86)

Emalil 56 (80)

Facebook 27 (39)

Call history 13 (19)

Instagram 12 (17)

Blogs 7 (10)

Twitter 7 (10)

Snapchat 6(9)

WhatsApp 5(7)

Clinical Experience and Media Use

A summary of mediaviewing according to respondents’ clinical
experience is shown in Table 2. A total of 33 of the 47
respondents (70%) with less than 10 years of experience and
20 of the 29 respondents (69%) with 10 to 20 years of
experience stated they had viewed apatient's socia or electronic
media; meanwhile, 18 of the 39 respondents (46%) with more
than 20 years of experience reported having done so. The
relationship between years of experience and viewing rateswas

significant (x%,=6.1, N=115, P=.048). We al so performed similar

analyses stratifying clinicians by their professional degree but
did not note any significant differences between groups or even
nonstatistically significant trends.

Methods of Viewing Media

Of the 70 respondents to this question who have viewed patients
electronic or socia media, 62 (89%) reported having viewed
this content directly in the patients' presence, and 46 (66%)
indicated having gathered information about the media content
through patient self-report, as demonstrated in Table 3.

Table 2. Overal clinician utilization of patient electronic mediainformation in psychotherapy.

Mediatype? Total yesresponses, <10 years clinical 10-2Q yearsclinical 20+ years clinical Chi-square P value (2-
n (%) experience, n (%) experience, n (%) experience, n (%) (df) sided)
Email (n=70) 56 (80) 23(33) 17 (24) 16 (23) 25(2) 28
Text (n=70) 60 (86) 28 (40) 17 (24) 15 (21) 0.2(2) 92
Facebook (n=70) 27 (39) 14 (20) 8(11) 5(7) 1.3(2) 53
Instagram(n=70) 12 (17) 5(7) 4 (6) 34 0.2(2) 92
Call history (n=70) 13 (19) 4(6) 3(4) 6(9) 35(2) 17
Whatsapp (n=70) 5(7) 1(1) 34 1(1) 27(2) .26
Twitter (n=70) 7(10) 4(6) 1(1) 2(3) 0.8(2) 67
Blogs (n=70) 7 (10) 0(0) 34 4(6) 71(2) .03
Snapchat (n=70) 6(9) 2(3) 1(1) 3(4) 2.1(2) 36
Any 70 (100) 32 (46) 20 (29) 18 (25) 5.4 (2) 07

BWe used chi-square tests to compare clinicians who responded yes with using a specific media platform by years of clinical experience.

Table 3. Clinician's methods of accessing patients' electronic or social media content.

Method of access

Responses (yes), n (%)

Viewed content directly in patient's presence
Patient self-report
Outside of session with permission

Report from friends or relatives

62 (89)
46 (66)
14(20)
12 (17)
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Patient Demographic

Cliniciansreported viewing social or electronic mediawith the
following patient age groups. 20 of 70 (29%) adolescents, 46
(66%) young adults, 46 (66%) adults, and 5 (7%) older adults.

Moreover, clinicians indicated accessing this content most
commonly with patients diagnosed with depression or anxiety;
42 of 70 (60%) of yesrespondents stated that they viewed media
with patients diagnosed with either or both conditions, followed
by 32 (46%) with borderline personality disorder. Each of the
remaining diagnoses yielded less than 35% of yes responses,
asindicated in Tables 4 and 5.

Viewing Frequency

A total of 9 of 70 (13%) clinicians who viewed their patient’s
electronic or social mediareported doing so only 1 time, whereas
40 (57%) cliniciansreported doing so very infrequently. A total
of 18 of 70 (26%) reported viewing media content in roughly
every 5to 10 sessions per patient, and 2 (3%) reported viewing
it every 2 to 3 sessions. Finally, 1 (1%) reported viewing this
content in every session.

Moreover, 12 of 70 (17%) clinicianswho viewed their patient’s
electronic or social media reported doing so with just 1 to 2
patients, 26 (37%) reported doing so with 3 to 5 patients, 14
(20%) reported doing so with 6 to 10 patients, and 18 (26%)
reported doing so with more than 10 patients.

Whose |dea?

A total of 52 of 70 (74%) clinicians reported that it was the
patient’s idea to incorporate social and electronic media into
psychotherapy, whereas 10 (14%) cliniciansreported that it was
their ownidea. A total of 7 (10%) indicated that it wasamutual
suggestion, 1 (1%) reported that it was afamily member’sidea,
and 1 (1%) indicated that multiple parties suggested it.

Impact on Treatment

Weincorporated asingleitem asking cliniciansto rate the extent
to which they were able to provide more effective treatment in
part because of accessing their patients’ electronic or social
media. A total of 17 of 70 (24%) clinicians reported noting
significant improvement in the level of care, whereas 30 (42%)
reported seeing moderate improvement, 18 (25%) reported
dlight improvement, and 6 (8%) reported no improvement in
their ability to deliver effective care. There were no differences
on this measure when we dtratified clinicians by years of
experience or highest level of training.

Privacy

We inquired whether clinicians had discussed privacy with
patients and, if so, who initiated the conversation. A total of 44
of 71 (62%) clinicians who had accessed patients’ socia and
electronic mediaindicated that they discussed issues of privacy
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with the patients. We found that clinicians with greater
experience were significantly more likely (x%=13.2, N=115,
P=.01) to bring up privacy concerns with their patients; 16 of
the 18 (89%) clinicians with more than 20 years of experience
who viewed this content reported having a conversation around
privacy, whereas 12 of 20 (60%) of those with between 10 and
20 years of experience and 16 of 33 (48%) of those with less
than 10 years of experience who viewed this content reported
doing so.

The majority of clinicians who discussed privacy initiated the
conversationsthemselves; only 2 of 71 (3%) cliniciansreported
that their patientsraised privacy concernsregarding sharing this
type of content.

Reasonsfor Accessing This Content

Of the 71 respondents who indicated having accessed this
content, 63 (89%) provided free-text explanations of their
motivations for accessing patients media as part of clinica
care. Using a qualitative analytic approach described in the
M ethods section, we categorized those responses by consensus
into the following 5 genera thematic categories, listed below
inorder of frequency. If commentsfell into multiple categories,
they were counted under each relevant category. Therefore, the
percentages add to 117, rather than 100.

1. To monitor or address a specific target behavior (26/63,
41%)

2. Toprovidefeedback on patients e ectronic communications
and behaviors (26/63, 41%)

3. To obtain collateral information on patients' life (15/63,
24%)

4. To establish working alliance/rapport (4/63, 6%)

5. Logistical reasons (3/63, 5%)

Concerns About Accessing This Content

Of the 71 respondents who indicated having accessed this
content, 48 (68%) provided free-text explanations of their
concerns regarding accessing this content. On the basis of our
qualitative analytic approach described in the M ethods section,
responses fell into 7 general thematic categories, listed below
in order of frequency. In this case, all responsesfell intojust 1
category, and thus, were counted once.

1. Privacy concerng/ethical boundary (15/48, 31%)

2. Noconcernsaslong asdone on patients' own terms (10/48,
21%)

Detracts or distracts from therapy (7/48, 15%)

Content is subjective and easily misinterpreted (6/48, 13%)
None (6/48, 13%)

Time constraint (2/48, 4%)

Other (2/48, 4%)

N o ok ®w

JMed Internet Res 2019 | vol. 21 | iss. 7 | €13218 | p.91
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 4. Mediaviewing by patient age demographic
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Peatient age demographic Responses (yes), n (%)
Adults 46 (66)

Young adults 46 (66)

Adolescents 20 (29)

Older adults 5(7)

Table5. Mediaviewing by patient diagnosis.

Patient diagnosis Responses (yes), n (%)
Anxiety 42 (60)

Depression 42 (60)

Borderline personality disorder 32 (46)

Posttraumatic stress disorder 22 (31)

Bipolar disorder 21(30)

Psychotic disorders 17 (24)

Obsessive compulsive disorder 42 (60)

Eating disorders 7 (10)

Discussion

Conclusions

Thissurvey addressesthe naturalistic use of patients' electronic
and socia media by mental health clinicians. With a 49.8%
(115/231) response rate, the survey results provide useful
insights into the current practices among a diverse group of
therapists. We noted that the majority of outpatient clinicians
surveyed (115/71, 61.7%) reported having viewed at least one
patient’s electronic or social media as part of care, with email
and SMS text messaging emerging as the most frequently
accessed platforms by far. We also found that clinicians who
had been in practice for fewer years accessed this information
more frequently than more experienced clinicians, recognizing
that thisis confounded by age cohort of the clinicians as well.
This may reflect a greater proficiency among more junior
cliniciansin understanding how technology may beintrinsic to
daily life [14,15]. Conversely, this may also reflect a
lesser-perceived need for concrete collateral information among
more experienced therapists, who may practice with a
better-established frame [16].

Another prominent finding was that only 3% of clinicians who
reported viewing socia or electronic media indicated that any
of their patients had voiced concerns around privacy. Thiswas
asurprisingly low number, which may reflect patient confidence
in allowing therapists to access thisinformation, or a hesitancy
to disagree with a therapist’s suggestion because of power
dynamics. It may also berelated to our finding that the majority
of clinicians accessed these data during sessions, in the patients
presence. Accessing such personal information face to-faceand
giving patients control over the ability to sharethisinformation
may have helped foster a sense of the privacy of the session
extending to electronic data as well [17]. The ability to access
collateral information, whether from family members [18] or

http://www.jmir.org/2019/7/€13218/

through patient writings or other forms of expressive therapy
[19], has long been a tradition in psychotherapy. Accessing
electronic communications represents an extension of this
tradition, incorporating contemporary means of communication
and leveraging technology that may enable extraction on deeper
behavioral signals from natural language.

Overdll, our finding that a high percentage of clinicians are
accessing electronic media and doing so with patients
present—and in over 74% of cases, a patients
suggestion—indicates that the process of incorporating this
information into therapy isacommon and organic process across
various provider types (MD, PhD, LCSW). Clinicians reported
accessing more private data, such as email and SMS text
messaging, to a greater extent than social media, which may
indicate clinicians' perceptions that these more personal
platforms contain more relevant behavioral signals. Our finding
that 92% of cliniciansreported that accessing el ectronic or social
media improved their ability to provide effective treatment
points to a role for increased attention to electronic media in
care. Therefore, there is an imperative to explore whether this
perception of benefit holds true in observational and
experimental studies, which quantify potential benefit in a
controlled manner and to understand the mechanisms underlying
any observed benefit. Future studies are al so needed to establish
best practice standards that guide the appropriate access and
use of thistype of content across different providers.

Limitations

Our findings should be interpreted within the context of the
limitations of this survey. Although our respondents spanned a
range of degrees and years of experience, we only surveyed
clinicians affiliated with a single psychiatric ingtitution in the
Boston region, which may impact the generalizability of the
findings. Furthermore, the patient population served by McLean
Hospital therapists may not be representative of the population
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at large, which in turn may impact the representativeness of the
sample with regard to use of electronic media as well.

In addition, our survey was designed to be brief, anonymous,
and easy to complete to maximize response rates, rather than
to be comprehensive. Consequently, we did not obtain details
on provider demographics. We also did not ask clinicians to
share the breakdown of diagnoses or age groups that they see
intheir outpatient practices, so resultsregarding mediaviewing
by these variables may be skewed by the makeup of the overall
patient population seen by cliniciansin our sample. Collection
of these data would be important in follow-up work. Although
we do not believe this is a common occurrence, we did not
specifically inquire whether clinicians accessed patients' data
without patients' permission.

We acknowledge that our survey did not address all of the ways
in which clinicians may be utilizing electronic platforms to
obtain clinical information about a patient's wellbeing.
Specifically, we did not ask about the use of apps to track
patients mood and behavior over time, for example, through
daily mood or activity logs on one’s mobile phone. Appsof this
type are emerging within psychotherapy, and clinicians may
utilize these behavioral tracking methods in addition to or in
lieu of the informal methods of accessing and discussing
patients' social and electronic media content that welaid out in
the survey.

Finally, limitations associated with surveys, including responder
bias and recall bias, apply to this work as well. Aswe did not

Hobbs et d

track provider demographics, and the survey was anonymized,
we are not able to compare responders with nonresponders and
draw insightsinto the effects of responder bias. We recommend
that future work, including from our team, study this issue to
gain a better understanding of predictors of using electronic
mediain therapy.

Despitetheselimitations, our work providesan early indication
that therapists in practice are incorporating information from
digital platforms into the care process. Although evidence
regarding theimpact of thisinformation islimited, our findings
identified 2 primary purposesfor accessing theinformation—to
monitor and address a specific target behavior and to provide
feedback on patients’ electronic communications and behaviors.
This finding suggests that the additional information serves as
avaluabletool in the therapeutic process beyond just collecting
collateral information.

Future Directions

Future work on thistopic should focus on replicating our initial
findings in larger, more diverse clinician populations. More
data are also needed to determine, in a more specific manner,
exactly how and when electronic media may enhance or hinder
the therapy process. Issues around privacy and confidentiality
of this information also merit thoughtful discussion. This, in
turn, may help develop a more systematic approach toward
optimally utilizing electronic and sociad media in the
augmentation of the therapeutic process in mental health care
settings.
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Abstract

Background: Traditionally, guidance and support to new parents have come from family, friends, and health care providers.
However, the internet and social media are growing sources of guidance and support for parents. Little is known about how the
internet and social media are used by parents of young infants and specifically about parental perceptions of the internet and
social media as sources of parenting and infant health information.

Objective: The aim of this study was to explore, using qualitative methods, parental perceptions of the advantages and
disadvantages of the internet and social media as sources of parenting and health information regarding their infant.

Methods: A total of 28 mothers participated in focus groups or individua interviews. Probing questions concerning parenting
and health information sources were asked. Themes were devel oped in an iterative manner from coded data.

Results. Thecentral themeswere (1) reasonsthat mothersturn to theinternet for parenting and health information, (2) cautionary
advice about the internet, and (3) reasons that mothers turn to social media for parenting and health information. Mothers
appreciated the ability to gather unlimited information and multiple opinions quickly and anonymously, but recognized the need
to use reputabl e sources of information. Mothers also appreciated theimmediacy of affirmation, support, and tailored information
available through social media.

Conclusions: The internet and social media are rapidly becoming important and trusted sources of parenting and health
information that mothers turn to when making infant care decisions.

(J Med Internet Res 2019;21(7):€14289) doi:10.2196/14289

KEYWORDS
internet; parenting; social media; focus groups

In addition, the recent advent of social media (defined asforms
of electronic communication through which one can share
information, ideas, and personal messages with others online
[8]), including online social networks (eg, Facebook), email

Introduction

Most adults find parenting to be an entirely new experiencefor
which they have little background knowledge. It can easily

become overwhelming, and parents need guidance and support.
Traditionally, guidance and support have come from family,
friends, and health care providers [1-4]. However, just as the
internet is becoming a growing source of health information in
general, with 59% of US adults seeking health information on
the internet [5], it is also a growing source of guidance and
support for parents[6,7].

https://www.jmir.org/2019/7/e14289/

listservs, blogs, and mobile phone apps, has introduced new
channels through which one can seek information and the
opinions of others. Parents, in particular, have found these
interactive forums helpful. The mgjority of US parentswho use
social mediastate that it provides useful parenting information,
and almost half have received support on social mediaregarding
aparenting issuein the past month [9]. Mothers of young infants
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find socia networking sites to be important sources of social
support [10].

Our previous research has found that mothers are more
consistently the primary decision maker pertaining to theinfant
[1]. In addition, women are more likely to seek advice and help
from multiple sources, including social media[9], whereas men
are more likely to depend almost solely upon their spouses
[11,12]. Littleisknown about how theinternet and social media
are used by mothers of young infants as sources of parenting
and health information. Thus, we conducted a qualitative study
to explore maternal perceptionsof theinternet and social media
as parenting and health information sources.

Methods

Recruitment

Mothersof healthy term infants <6 months of agewererecruited
to participatein alarger quantitative survey about their personal
social networksif they were English speaking, African American
(AA) or Caucasian, aged >18 years, aprimary caregiver for the
infant, and lived in the metropolitan Washington DC area. Each
mother signed a written informed consent upon enrollment.
From this sample, we selected a subsample [13] to participate
infocusgroupsor individual interviews. We purposefully chose
both AA and Caucasian motherswith different educational and
socioeconomic levels to assure a wide range of attitudes and
opinions. Socioeconomic levelswere dichotomized (Ilower and
higher) based on enrollment in public heath insurance
(Medicaid or the equivalent) and eligibility for the Special
Supplemental Nutrition Program for Women, Infants, and
Children. These proxies were used because eligibility for both
programs are income based and because digibility is easily
verifiable.

Data Collection

We conducted al interviews between July 2016 and January
2018. We conducted both focus group interviews and individual
in-depth semistructured interviews to accommodate mothers
schedules. Mothers who could not participate in focus groups
were offered individual interviews. Focus groupswere stratified
by race and parity (primiparous or multiparous) to maximize
homogeneity of each group’s participants, as this can result in
increased willingness to share thoughts and opinions [14].
Interview questions were formulated by all authors in group
meetings; the sameinterview guide was used for both interview
formats. Questions were modified iteratively based on data
collected in previous interviews. Trained facilitators (RO and
AM) conducted all the interviews, asking broad, open-ended
questions (eg, “What sources, other than your family and friends,

https://www.jmir.org/2019/7/e14289/
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do you use for advice?") followed by more specific, probing
questions (eg, “Why that source, in particular?’) to clarify
responses. Focus group and individual interviews averaged 2
hours and 90 min, respectively, in duration. Each participant
received a US $75 gift card for their time. This study was
approved by the institutional review boards of Children’'s
National Medical Center and the University of Virginia.

Data Analysis

All interviews were video- and audio-recorded and transcribed
by a Hedth Insurance Portability and Accountability
Act—compliant transcription company, after which one author
(RO) simultaneously reviewed the video- and audio-recordings
and transcript of each interview for accuracy. Any disagreements
about the transcription were resolved by consensus after
additional authors listened to the recordings. This multistep
process was used to maximize accuracy and eliminate biasfrom
the transcription process. Using standard qualitative analytic
techniques and a grounded theory approach, transcripts were
analyzed line-by-line by the 4 authors, all of whom have
previous experience with [1,15-18] or training in qualitative
analysis. Qualitative analysis software (NVivo 11 plus [19])
was used to organize, sort, and code the data (quotations).
Themes were developed and revised iteratively, as patterns
within data emerged [20]. Authors, in regular meetings,
discussed emerging themes and patternsin the dataand reached
a consensus on the major themes. Individual and focus group
interviewswere analyzed separately, and emerging themeswere
compared. To increase rigor, concurrent triangulation or use of
multiple sources for verification of findings [21] of the focus
group interviews and the individua interviews was used to
corroborate findings[22]. In addition, we confirmed thefindings
by peer review and feedback during presentationsto child health
professionals, pediatric researchers, and community members.

Results

Demographics

A total of 8 focus groups and 2 individual interviews with 28
mothers (26 participated in focus groups [median 3.5
participants, range 2-6 participants]; 2 participated in individual
interviews) were conducted, and thematic saturation was
reached. At the time of the interview, mothers had a mean age
of 30.4 years (range 20-44 years), 71.4% of the mothers were
AA (which reflects the racial distribution in the larger sample
and is representative of the general population in Washington
DC), and dlightly over half of the mothers were primiparous;
61% of women were married, and 64.3% of infants were male
(see Table 1).
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Table 1. Characteristics of participants (N=28).

Moon et al

Characteristics Statistics
Age (years), mean (range) 30.4 (20-44)
Age (years), n (%)

18-24 5(18)

25-29 10 (36)

30-34 5(18)

=35 8(29)
Race or ethnicity, n (%)

Black or African American 20 (71)

Caucasian 8(29)
Educational level, n (%)

Did not complete high school 1(4)

High school graduate 6(21)

Some college 4(14)

4-year college graduate 17 (61)
Socioeconomic status, n (%)

Lower 10 (36)

Higher 18 (64)
Marital status, n (%)

Married 17 (61)

Never married 10 (36)

Separated/divorced 1(4)
Number of children, n (%)

1 15 (54)

2 or more 13 (46)
Infant gender, n (%)

Male 18 (64)

Female 10 (36)
Infant age (months), mean (range) 4.8 (1-11)
Infant age (months), n (%)

<3 7(25)

3-6 15(54)

>6 5(18)

Central Themes

Several main themes and subthemes with regard to maternal
use of the internet and social media are listed in Table 2. The
central themeswere (1) reasonsthat mothersturn to theinternet
for parenting and health information, (2) cautionary advice about
the internet, and (3) reasons that mothers turn to social media
for parenting and health information. These themes, with
illustrative quotes, are discussed below.

https://www.jmir.org/2019/7/e14289/

Reasons That Mothers Turn to the Internet for
Parenting and Health Information for Their Infant

Mothers reported that they often had multiple questions about
their infant every day, particularly when they were new at
mothering, and they appreciated that there was unlimited
information at their fingertips:

[The Internet] is also good for informational
purposes...there’s nothing wrong with having an
endless amount of information at your disposal.
What's wrong with educating yourself on these sorts
of things? And so, | believe in higher learning so |
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can have information at any way possible. And so,
the one great thing about this is you get information
in the click of a finger. | don't see anything wrong
with constantly sourcing information. And then in
terms of something as important as your baby, like
thisismyfirst and only kid. | want to know, you know,
and | want to sort of make the best choices and
decisionsthat | possibly can so you aim at a healthy
direction.

Mothers particul arly appreciated that they could usetheinternet
as away to quickly crowdsource or gather multiple viewpoints
when trying to make a decision regarding their infant. One
mother compared the unlimited amount of information on the
internet with her mother, who was a single source of
information:

Moon et al

| really like gathering information, and the Internet’s
kind of an unlimited way as a source of information.
And you can go to lots of sources at one time, versus
like, my momisone and it’s limited.

The internet was also considered a way to obtain information
anonymously, either because mothers did not want to ask
guestions that might have an obvious answer or because the
guestions were too personal to ask someone:

That blog has a lot of questions and answers. You
can post things kind of anonymously so you don’t kind
of feel like I’ masking a stupid question. Like you can
put like, “Is it normal for babies to have a green
poop?”

Also, there are somethings | don’t want to ask friends
that might feel more personal.

Table 2. Themes and subthemes about maternal use of the internet and social media.

Themes

Subthemes

Reasonsthat mothersturn to theinternet for parenting and health informa-
tion for their infant

Cautionary advice about the internet

Reasons that mothers turn to social media for parenting and health infor-
mation

Unlimited information available; Anonymity; Convenience; Immediate
answers; Faster than information from a health care professional; Trust-
worthiness of the information; Up to date; Use to confirm information
obtained from other sources

Wealth of information is overwhelming; Many nonreputable websites;
Generalizability of the information

Immediate affirmation and support; Honest answers; Acts as a support
group; Tailored information; Trustworthiness of information

As mothers often did not want to bother a hedth care
professional or another person with all of their questions, they
found theinternet to be aconvenient place to obtain information,
particularly information that was not urgent. They could often
find that information much more quickly than they would have
if they had contacted a health care provider:

And then some things, there might be medical things.
I must have called my doctor’s office like twice a
week, every week, for like nine months. They go, “ Hi
again” At some point I'm like, I'm wearing out my
poor Nurses.

Because sometimes [ going to theinternet] is easy. If
you're just sitting there and it's a question that's
not...life or death...like, what colors should babies
poop be? Like, you're going to get the right answer
and the Internet’sgoing to get that right. | don’t think
that somebody’s going to be wrong about it. So, for
stuff like that | feel like there’s no reason to bother
somebody else with that kind of question.

Mothers described the information on websites as generally
trustworthy. They trusted that it was more current than the
information that they received from trusted family members
and friends:

| read some of them on the Internet if there are
questions about behavioral changesor developmental
stages, because | think a lot of older resources like
my parents, maybe they’ ve forgotten what that stuff
islike.

https://www.jmir.org/2019/7/e14289/

Thus, they tended to use the internet to confirm theinformation
obtained from other sources and for reassurance that their child
was normal:

[1 go to the internet] just for confirmation. Just to
see... There may be something else. There may be
something el se that my mom doesn’'t know.

Yeah. So, [the internet] just gives me a heads up on
what things to look out for and if there's any
concerns, like if my baby isn't smiling on a social
level or hasn’t at least rolled over by now, so | know,
okay, | need to consult with my social network
regarding what I’ m seeing.

Cautionary Advice About the Internet

When mothers described their information sources on the
internet, they cautioned each other to be careful about using
only reputable websitesfor information. Websites such as Baby
Center and WebMD, and search engines such as Google, are
among those cited by mothers as being reputabl e sources:

If we have a question about something, [then | can]
Google, “ why does my baby whatever?” And then
I'll sort of look at what comes up, and I’ ll go to what
| feel is the most reputable source on there and sort
of read what they have to say about it...There's
usually somebody out there who has something to say
about the question. It'samazing what you can Google
and somebody’s asked it before.

I will say, do your research and just find...for
instance, Google, WebMD, Baby Center, kind of read
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what people are saying, what the doctors are saying
online. And then find a reliable source through the
Internet if you don't have someone physically there.
If it gave me good advice before, I'll go back to it
again.
In addition, mothers also described that the wealth of
information could also become overwhelming, particularly when
there were multiple differing viewpoints:

Everyone has a million and one opinions and
every[one] has a different expert advice.

Some mothers found the information on the internet to be so
genera as to be unhelpful to their specific situation. Mothers
wanted the websites to be tailored to their situation and,
occasionally, to their own race or ethnicity, to be assured about
the websites’ reliability:

| think especially with having a little black baby...The
medical field...it' sgeared toward other folksand their
kids...If hehas cradle cap, the pictures|’mseeing are
not little babies that look like my baby.

M aternal Perceptions of Social Media

With regard to socia media, such as social network sites, email
listservs, blogs, and mobile phone apps, mothers frequently
used these as sources of parenting and health information and
were generally extremely positive about the information that
they found on these sites. They appreciated the immediacy of
the affirmation and support that they found in these forums.
Mothers described situations in which they asked a question
about negative child-rearing experiences and received what they
perceived to be honest answers:

People are open about [difficult experiences], but
you have to ask them about it. Nobody wants to talk
about like, “ Oh, you have a beautiful baby. Wait until
this happens, because it's terrible” And so, | don’t
think people talk about it. But once you bring it up,
people are like, “ Oh, yeah. We dealt with terrible
diaper rash or we dealt with bad breastfeeding,” or
whatever it is...once you start talking to people,
they're very willing to talk about it.

In thisway, these forums often served asvirtual support groups
for the mothers, providing affirmation about their situation and
theinfant:

You liketo think your baby'sunique. [ But] every baby
has the same issues when it comes down to it and so
somebody’s had to deal with it at some point.

Many mothers used social media forums, specificaly email
listservs, asaway to meet other mothers and share experiences:

And over the years |'ve been using those more and
more, joining more and more listservs. And then |
came to find out that there were some moms' groups,
specifically in [your town]...and they have cohorts
based on the week your child was born, and you meet
for several weeks, and then those women become
friends.
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Mothers who had previous experience with child-rearing
remarked on how the explosion of social media websites has
changed how they ask for and receive information. These are
become increasingly important as sources of information, with
the information generally immediate and tailored to their
situation:

People use Facebook groups a lot more than they did
seven years ago. So, for example, just yesterday a
woman posted on Facebook on our moms' group, “ |
just had my baby four hoursago and he'snot nursing
and | had a Caesarean. | know that this isn't an
emergency, but | wanted the moms to weigh in on
what | should be doing..” And probably about 12 of
us responded right away. And I...just gave her what
had happened to me...She got an immediate moms’
[support group]; | wish | had that when I...wasin the
same situation...If [1] had known that there was this
option of insta-moms on Facebook, that would' ve
been a dream for me.

They appreciate the discussions that occur in these forums and
find them relevant and trustworthy. Some mothers prefer the
advice coming from social mediato their health care provider's
advice:

| find that the listserv information is more
reliable...we had these four-week-old babies...And a
mom said that her baby was constipated and that the
doctor’sadvicewasto give him...alaxative, but | was
like, “Ohmy God.” | mean, | think | felt like my heart
stopped...I'm still traumatized by some poor mother
following advice from a crazy pediatrician to think
that you would give a baby some; it made no sense
tome. So, | find if she had asked that question at the
listserv, she would get better advice than following
the advice of this doctor.

Mothers who used mobile phone apps in particular liked how
the information on the apps was timely and tailored to their
individual situation:

You cantailor [the apps and websites] to your child’s
age and development, and that’s why | appreciate
that. Because sometimes the other stuff, the other
sources of advice, they're just this nebulous baby
advice but [not] based on what [ my baby is doing].

Discussion

Principal Findings

The internet and social media have rapidly become important
influences, impacting numerous decisions on a daily basis.
Opinions expressed online by strangers are as, or potentially
more, important than those of family and friends [23-26]. In a
2018 Pew survey, 11% of US adults stated that they changed
their opinion because of what they saw on social mediain the
past year [27]. Although these statistics are not specific to
health-related decision making, our findings suggest that
maternal decisions related to infant care may also be strongly
influenced by what mothers access on the internet and social
media.
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Social learning theories [28,29] suggest that behaviors and
rationalizationsfor those behaviorsarein part learned from and
reinforced by others, so that one€'s behavior becomes
increasingly similar to that of the people to whom she/he has
regular exposure. Thetheory of reasoned action similarly argues
that volitional behavior results, in part, from subjective norms
regarding a behavior, that is, one's perception of the prevailing
attitudes and beliefsregarding abehavior that are held by people
whom one trusts [30-32]. Our findings suggest that the internet
and social media have become as influential as family and
friends in modeling behavior, establishing norms, and thus
shaping parenting and health-related decision making.

Mothers appreciated the fact that the internet and social media
allowed them to access unlimited information instantaneously
ona24/7 basis. They did not need to wait for the next well child
visit or to call their health care professional, family member,
or friend for advice. They aso liked the anonymity of the
internet [33], which allowed them to ask questions that they
might be embarrassed to ask a person.

Mothers liked to crowdsource information, that is, to gather
opinions from multiple sources [9,15]. We and others have
found that mothers make decisions by instinct [34,35] and/or
consensus [1,15]. If there was a general agreement about the
decision, then that allowed them to move forward with that
decision with more confidence. Results from this study suggest
that the internet, with its access to vast numbers of opinions,
provided this consensus and confidence [35].

Mothers believed that information on the internet is generally
trustworthy, with the caveat that you have to use reliable
websites and apps. Although we did not ask them to define how
they determine whether a website is reliable, they commented
that previous good experience with asourceincreased their trust
in it and that they generally went back repeatedly to those
websites/apps with which they had positive previous
experiences. Many volunteered specific sources that they
considered trustworthy, for example, WebMD and Baby
Center. Although it is not technically a website, Google was a
frequently cited search engine. However, parenting information
found in websitesthat rank highly in Google search results may
often be unsupported by evidence [36]. One study found that,
when it came to information about infant Seep safety,
government websites were the most accurate and blogsthe least
[36]. Therefore, the fact that no women in our sample explicitly
cited concerns about information on blogs or other
crowdsourcing websites, despite the fact that these sites are
frequently consulted, is concerning.

Indeed, although mothers in our study cautioned that only
reliable websites should be trusted, this concern was not
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expressed about social media. Perhaps because these Facebook
groups, blogs, and listservs were geared toward parents and
because entries and responses were written by those perceived
by mothers to be just like me, mothers in our study considered
theinformation and opinions expressed on social mediaasbeing
trustworthy, perhaps even more trustworthy than those of health
care professionals. Bernhardt, in a qualitative study of
southwestern US parents, found that mothers highly trusted
internet content written by other parents but only in specific
questions [37]. Kalem found that, in a Facebook group of
mothers, peer responsesto mothers’ direct questions about their
infants’ health generally did not contradict American Academy
of Pediatrics (AAP) recommendations. However, mothers' posts
describing their infants’ deep practicesand screen time practices
frequently were not consistent with AAP recommendations
[38]. It is thus concerning that this information is so highly
trusted. Although there is no published research specifically on
the effectiveness of health care providers guiding parents to
access vetted websites and more monitored social media sites,
health care providers are trusted sources of health information
for many parents [39,40]. Thus, parents may appreciate their
guidance regarding appropriate internet sources of parenting
and health information, and this guidance may in turn improve
the safety of infant care practices.

Limitations

We acknowledge that this study has severa limitations. First,
our study population was limited to a single geographic region,
to mothers, and to those who self-identified as AA or Caucasian.
Second, although qualitative research can provide an insight
into a broad array of opinions, it cannot be used to determine
the preva ence of any one viewpoint. Thus, although we reached
thematic saturation, our results are not necessarily generalizable
to fathers, other groups, or geographic regions. However, our
findings are consistent with other qualitative studies[34,35,37].
Nonetheless, further study in other geographic and racial/ethnic
groups will be important to determine if these perceptions and
opinions are widespread.

Conclusions

Theinternet and social media are becoming important sources
of health information that mothers turn to when making infant
care decisions, and for some mothers, these el ectronic resources
are more trusted than family members, friends, and health care
professionals. It isbecoming increasingly important that parents
be provided guidance about accessing trustworthy,
evidence-based health information. In addition, health care
providers will need to be proactive in harnessing social media
to encourage healthy decisions.
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Abstract

Background: Inrecent years, there hasbeen aproliferation of third-party Web-based services avail ableto consumersto interpret
raw DNA from direct-to-consumer genetic testing companies. Little is known about who uses these services and the downstream
health implications. Identifying this hard-to-reach popul ation of consumersfor research raised questions about the most effective
recruitment methods to undertake. Past studies have found that Web-based social media survey distribution can be cost-effective
for targeting hard-to-reach populations, yet comparative efficacy information across platformsis limited.

Objective: The aim of this study was to identify the most effective Web-based strategies to identify and recruit the target
population of direct-to-consumer genetic testing users who also made use of third-party interpretation services to analyze their
raw genetic data. Web-based survey recruitment methods varying by social media platform and advertising method were compared
in terms of cost-effectiveness and demographics of survey respondents.

Methods: A total of 5 Web-based survey distribution conditions were examined: 4 paid advertising services and 1 unpaid
service. For the paid services, a 2x2 quasi-experimental design compared social media platforms (Facebook vs Twitter) and
advertising tracking metrics (by click vs by conversion). The fifth unpaid comparison method consisted of study postings on the
social media platform, Reddit, without any paid advertising. Links to identical Web-based versions of the study questionnaire
were posted for 10 to 14 days for each of the distribution conditions, which alowed tracking the number of respondents that
entered and completed the questionnaire by distribution condition.

Results: Intotal, 438 individuals were recruited to the study through all conditions. A nearly equivalent number of participants
were recruited from paid campaigns on Facebook (n=159) and Twitter (n=167), with asmaller samplerecruited on Reddit (n=112).
Significantly more participants were recruited through conversion-tracking (n=222) than through click-tracking campaigns (n=104;
Z=6.5, P<.001). Response rateswere found to be partially driven by organic sharing of recruitment materials among social media
users. Conversion tracking was more cost-effective than click tracking across paid social mediaplatforms. Significant differences
in terms of gender and age distributions were noted between the platforms and between the tracking metrics.

Conclusions: Web-based recruitment methods were effective at recruiting participants from a hard-to-reach population in a
short time frame. There were significant differences in the effectiveness of various paid advertising techniques. Recruitment
through Web-based communities also appeared to perform adequately, yet it may be limited by the number of users accessible
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in open community groups. Future research should evaluate the impact of organic sharing of recruitment materials because this
appeared to play a substantial role in the observed effectiveness of different methods.

(J Med Internet Res 2019;21(7):€12980) doi:10.2196/12980

KEYWORDS

research subject recruitment; social media; survey methods; data collection methods; advertising as topic; algorithms

Introduction

To date, there have been anumber of inquiriesinto using social
media for research recruitment and there has been little
consensusintermsof results. A systematic review of 30 existing
studies on social mediarecruitment found mixed evidence with
regard to the efficacy of survey recruitment on social mediabut
did find that such methods were consistently found to be
effective  when  specifically targeting hard-to-reach
populations—those that are difficult to find or involve in
research and public headth programs because of their
geographical location or socioeconomic situation [1,2].
However, the review also suggested that this methodology has
not been studied often enough to generate firm conclusions as
toitsefficacy, arguing that further research, particularly research
examining the cost-efficacy of different recruitment techniques
and demographic differences in the resulting samples, is
necessary [1]. This study partialy fills this gap in the research
by directly comparing multiple analogous advertisement
recruitment methods on Twitter and Facebook along with the
unpromoted posts on Reddit to recruit survey respondentsfrom
the same hard-to-reach population.

Social media has been defined, in a public health context, as
websitesthat allow usersto create profiles and use those profiles
to connect and interact with other users[1]. Although there are
dozensto hundreds of different formsof social media, at present,
most of the documented social media recruitment efforts for
popul ation health research have used Facebook [3-9]. Facebook
isalarge social mediaplatform with approximately 1.56 billion
daily active users[10]. Studies have found success in reaching
target audiences by sharing postswithin Facebook communities,
enlisting respondents in snowball sampling campaigns, and
purchasing paid advertising on the platform targeting specific
demographics. Although there have been fewer studiesfocusing
on the platform, Twitter—a somewhat smaller platform with
126 million daily active users [11]—has also been used for
recruitment purposes both through researchers tweeting and
retweeting recruitment tweets [12,13] and advertisements[14].

There has been little research to compare the effectiveness of
recruitment from across different social media platforms,
although some studies have sought to use multiple platforms
for recruitment without making direct statistical comparisons
[15,16]. One study did compare 2 socia media platforms
(Twitter and Facebook) aswell as another method (distributing
quick response codes through mail) but did not use directly
analogous recruitment methods across conditions or identify
platform-level differences[17]. Asaresult, direct comparisons
of relative effectiveness between the platforms themselves
remain a challenge.

http://www.jmir.org/2019/7/€12980/

Survey research employing social media for participant
recruitment has also yet to consider the multiple recruitment
strategies available on agiven platform. Popular platforms, such
as Facebook, enable both cost per click advertisement salesthat
charge advertisers each time a user clicks on an advertisement
and cost per conversion sales; Advertisersarebilled onthebasis
of specific, predefined actions that follow from a user clicking
through the advertisement, such as purchasing a product or
completing a questionnaire. These tracking metrics may yield
different results when it comes to reaching target audiences as
well as achieving a cost-effective survey sample.

This study sought to better understand the differencesin survey
participant recruitment between social mediaplatforms, aswell
aswithin-platform differencesresulting from different tracking
methods. Targeted survey participants were a hard-to-reach
population of users of direct-to-consumer genetic testing
(DTC-GT) services (eg, AncestryDNA and 23andMe) who had
subsequently used third-party interpretation tools to analyze
their raw genetic data. The goal of the study was to compare
the cost-effectiveness aswell asthe demographic characteristics
of the sample across different platforms and between different
advertising tracking metrics.

To enable amore rigorous comparison between different social
media platforms, this study conducted advertising campaigns
on both Facebook and Twitter—a platform deemed to possess
sufficient similarities to Facebook in terms of advertising
affordances and presentation of content so that comparisons can
be made. In addition, click-based and conversion-based tracking
metrics were used on each platform. To alow for further
comparisons across social media platforms, an additional
condition contrasted unpaid poststo community message boards
on Reddit with the advertising campaigns on Facebook and
Twitter.

This study addressed the following questions regarding platform
differences, cost-efficacy, and paid versus unpaid uses of social
mediain survey recruitment:

Q1: Among paid social media campaigns, which
social media platformis most effective at generating
survey responses from the hard-to-reach population
of DTC-GT users who had also used third-party
inter pretation tools?

Q2: Among paid social media campaigns, which
advertising tracking method is most effective at
generating survey responses from the hard-to-reach
population of DTC-GT users who had also used
third-party interpretation tools?

Q3: Do surveys conducted via paid social media
campaigns on Facebook and Twitter generate more
survey responses from the hard-to-reach population
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of DTC-GT users who had also used third-party
inter pretation tool s compared with surveys posted on
open (unpaid) Web-based communities?

Q4: What demographic differences exist between
survey respondents who are recruited using (1)
different platforms and (2) different advertising
tracking methods?

Methods

This study compared the effectiveness and cost of different
social media recruitment methodologies that comprised both
paid and unpaid advertising structures across different platforms
(Facebook, Twitter, and Reddit). Despite its large user base (1
billion active users), I nstagram was not included because of the
lack of a well-defined community of interest, which was the
basis for targeting advertisements toward the relevant
population. The target population for the survey was defined
as US residents who had undergone genetic testing via
direct-to-consumer (DTC) companies and who subsequently
used third-party Web-based DNA interpretation services.

Paid Recruitment Methods

A 2x2 factorid design was used to test the comparative
effectiveness and cost of different platforms and advertising
tracking metrics for paid recruitment. Facebook and Twitter
were selected as the platforms to be compared based on their
large US resident user bases. Both platforms have proprietary
content distribution networks that distribute paid advertising
content to their users. Advertised content appeared as promoted
status cards or tweets in the news feed of the targeted users
(Figures 1 and 2), intermingled with user-generated content.

Therearedlight differencesin theway each content distribution
network allowsfor targeting of specific user demographics. An
effort was made to mirror the approach taken to targeting users
across both sites. On Facebook, the potential audience of the
campaign was defined as users living in the United States with
aninterest in 23andMe, amajor DTC-GT company. Facebook
targets pai d advertising campaigns by identifying interestsfrom
information users have added to their Timeline, keywords
associated with the Pages they like or apps they use, ads they
have clicked on, and other similar sources[18]. All users aged
18 years and older were included, resulting in a potential
audience for the campaign of 740,000 Facebook users at the
time of launch.

On Twitter, the potential audience of the campaign was defined
as US-based Twitter userswho were followers of @23andMe's
Twitter account, as well as users with interests similar to
followers of @23andMe. According to Twitter, “[Follower
targeting] works by displaying your Twitter Ads campaigns to
people who follow specific usernames or are similar to the
followers of those usernames’ [19]. Thisresulted in a potential
audience size for the campaign of between 178,000 and 267,000
Twitter users at the time of launch.

http://www.jmir.org/2019/7/€12980/
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A total of US $1000 was budgeted for the paid campaigns,
divided evenly between Facebook and Twitter. Automatic
bidding was the default on both platforms and was used in all
4 conditions. This feature dynamically adjusts the cost of
advertising based on availability and demand, as well as the
bidding parameters set by other advertisers. There are minor
differencesin theway each advertising platform handlesbidding
for advertisements: Twitter requires advertisers to specify a
daily budget and provides an optional total budget setting for
automatic bidding, after which the campaign will end. Thedaily
budget for each condition was set at US $25 per day with atotal
budget of US $250 per campaign. Facebook does not require a
daily budget setting; however, thetotal budget for this campaign
was also set at US $250. Each campaign was allowed to run
until the total budget was exhausted: Twitter advertisements
ran for 10 days each, whereas Facebook advertisements were
displayed for 14 days each. Although both Facebook and Twitter
provide advertisers some control over the time of the day when
advertisements are displayed, it was not specified on either
platform in this study.

On both social media platforms, 2 advertising campaigns were
conducted using different payment structures corresponding to
different tracking methods. Both platforms allow the advertiser
to either pay for each click through to the advertiser’s landing
page (cost per click) or to pay for each iteration of a defined
conversion action after the user has clicked through to the
landing page (cost per conversion). For the purposes of the
study, a conversion was defined as the user reaching the end of
the questionnaire.

Both advertising platforms claim to iteratively optimize the
targeting of a given advertising campaign based on the tracking
metric used. Thus, acampaign for which the advertiser isbilled
per click is purportedly targeted in such a way as to maximize
the likelihood that a given user who is shown the content will
click on it. Conversely, a campaign for which the advertiser is
billed per conversion is purportedly targeted in such away as
to maximize the likelihood that a given user will complete the
conversion action after having clicked through.

To track which of the users that were shown the recruitment
material ended up completing the questionnaire and allowing
feedback to the content distribution network for optimization
purposes, a tracking pixel was used for the 2 campaignsin the
conversion-based condition. A tracking pixel isahiddenimage
file embedded in a custom landing page, which users were
automatically redirected to after having completed the
guestionnaire. Loading the image in a Web browser triggers a
JavaScript function on the page, which logsthe conversion with
either Twitter or Facebook, depending on which version of the
guestionnaire was completed. In contrast, the 2 campaignsusing
the click-based condition only tracked how many users clicked
the link to the questionnaire rather than any user interaction
with the questionnaire. Each campaign used a separate, yet
identical, Web-based questionnaire, enabling survey respondents
to be categorized by the advertising campaign that recruited
them.
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Figure 1. Example of recruitment materials on Twitter.

Have you used genetic testing/DNA
interpretive services like 23andMe or
Promethease? Tell us about your experience!

Oarna -

DNA Testing Survey

Figure 2. Example of recruitment materials on Facebook.

DNA Testing Survey

:..,_.._:'-._..!3.___-‘ and more

| conihe
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Unpaid Recruitment Method

A parallel recruitment campaign was conducted on Reddit, a
sociad news and community discussion site, to assess the
viability of recruitment through unpaid posts to relevant
Web-based communities. Reddit was selected because of the
presence of severa relevant community groups (see the table
provided in Multimedia Appendix 1) as well as the open
structure of the site, which allows any user to post to any public
group or subreddit, subject to community moderation. In total,
13 relevant subreddits were identified, although r/Health was
not used because of community guidelines that prohibited the
posting of content other than news. Identical posts were made
on each of the remaining 12 subreddits seeking respondentsfor
the survey (see the textbox provided in Multimedia Appendix
1).

Statistical Analysis

Data Preparation

The dataset was screened for duplicate responses using the
internet protocol (IP) address and demographic profile of
respondents, where responses from the same | P address within
a 24-hour period or responses from the same | P address with a
matching demographic profile were flagged as duplicates. This
resulted in 17 responses being removed from the subsegquent
analysis. No responses were found to have been duplicated more
than once, suggesting that these were likely the result of user
error rather than a systematic effort.

Recruitment Effectiveness

A chi-sguare test was conducted to determine the extent to which
the proportion of observed frequencies among the 4 paid
campaigns conformed to adiscrete uniform distribution, which
would suggest the absence of a measurable difference in
recruitment effectiveness between conditions. Posthoc pairwise
Z testswere performed between all campaignswith aBonferroni
correction for multiple comparisons.

Cost-Effectiveness

The recruitment budget for each condition wasfixed at US $250,
such that more cost-effective methods would yield a greater
total number of responses over the study period. On the basis
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of this fixed budget, the cost-efficacy of each paid campaign
was calculated in terms of the cost per survey response and cost
per 1000 impressions. Each impression marks a time when the
recruitment materials were displayed to a user, regardless of
whether that user had seen the materials before or interacted
with them in any way.

Survey Demographics

A total of 4 demographic variableswere collected in the survey:
age, gender, education, and race and ethnicity. Chi-sguare tests
of homogeneity were performed to determine the statistical
significance of differences in the distributions of gender and
ethnicity. Participantswho reported their gender as neither male
nor female were excluded from the analysis of gender
distributions because of the absence of reliable information on
the expected proportion of nonbinary gender identifying
individualsin the popul ation. Age distributions were compared
using a one-way anaysis of variance. Posthoc pairwise
comparisons were conducted with a Bonferroni correction, as
appropriate. Kruskal-Wallis H tests were used to compare the
education level of respondents. To maximize the responserate,
demographic questionswere not required to compl ete the survey.
For demographic analyses only, participants who did not report
the demographic characteristic of interest were excluded.

Results

Study Participants

Participant demographics are presented in Table 1. Notably,
because demographic questions were optional in the
guestionnaire, a substantial portion of respondents who
completed the rest of the questionnaire elected not to answer
them.

The mean age of those who reported this (n=266) was 46 years
at the time of the survey. Among respondents who reported
their gender (n=298), the majority (204/298, 68.5%) were
female. The median level among those who reported their level
of education (n=296) was a 4-year college degree across all
conditions. Among respondents who reported their race or
ethnicity (n=294), the majority (238/294, 81.0%) were white.
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Table 1. Participant demographics.
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Demographic variables

Participants (N=438), n (%)

Participants (excluding missing), n (%)

Age (years) N=266
18-24 24 (5.5) 24.(9.0)
25-44 101 (23.1) 101 (38.0)
45-64 109 (24.9) 109 (41.0)
65 and older 32(7.3) 32 (12.0)
Did not report 172 (39.3) _a

Gender N=298
Female 204 (46.6) 204 (68.5)
Male 93 (21.2) 93 (31.2)
Other 1(0.2) 1(0.3)
Did not report 140 (32.0) —

Education N=296
Less than high school 3(0.7) 3(1.0
High school/GEDP 11(25) 1137
Some college 63 (14.4) 63 (21.3)
2-year college degree 39(8.9) 39(13.2)
4-year college degree 91 (20.8) 91 (30.7)
Advanced degree (postgraduate) 89 (20.3) 89 (30.1)
Did not report 142 (32.4) —

Race and Ethnicity N=294
White/Caucasian 238 (54.3) 238 (81.0)
African American 7(1.6) 724
Hispanic/Latino 10(2.3) 10 (3.4)
Asian 8(L8) 8(2.7)
Multiethnic 23(5.3) 25(7.8)
Other 8(L8) 8(2.7)
Did not report 144 (32.9) —

3alid percentage excludes respondents who did not report for a given demographic variable.
bGED refers to those respondents who reported completing the General Education Development tests as their highest level of educational attainment.

Recruitment Effectiveness

A total of 540 responses were received in the survey; however,
17 duplicate responses were identified during data cleaning,
and an additional 88 respondents did not report having used a
DTC-GT or did not report being aware of any third-party genetic
interpretation companies and were subsequently excluded from
the final sample (N=438). There were significant differencesin
the frequency of survey responses between the different

experimental conditions (x%=84.2; P<.001). See Figure 3 for

frequencies and Table 2 for pairwise comparisons. Nearly equal
samples were collected from paid campaigns on Facebook
(159/438, 36.3%) and Twitter (167/438, 38.1%). A significant

http://www.jmir.org/2019/7/€12980/

but somewhat smaller sample of participants was recruited
through the paralldl unpaid campaign on Reddit (112/438,
25.6%). Of the participants recruited through paid campaigns
(n=326), significantly more were recruited through the
conversion-tracking campaigns (222/326, 68.1%) than through
the click-tracking campaigns (104/326, 31.9%; Z=6.5; P<.001).
The difference between conversion-based and click-based
tracking metrics was much more pronounced on Twitter than
on Facebook (Z=6.7, P<.001); correspondingly, of the 5
recruitment methodologies used, the Twitter-Conversion
campaign recruited the greatest number of participants (142/438,
32.4%) and the Twitter-Click campaign recruited the fewest
(25/438, 5.7%).
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Figure 3. Respondent count by recruitment platform and tracking metric.
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Table 2. Pairwise tests comparing the number of respondents recruited in paid conditions (Bonferroni-corrected threshold for statistical significance

isapha=.01).

Condition 1 (n) Condition 2 (n) Z score P vaue
Facebook-Click (79) Twitter-Click (25) 53 <.001
Facebook-Conversion (80) Twitter-Conversion (142) 33 <.001
Facebook-Click (79) Twitter-Conversion (142) 4.3 <.001
Facebook-Conversion (80) Twitter-Click (25) 54 <.001
Twitter-Click (25) Twitter-Conversion (142) 9.1 <.001
Facebook-Click (79) Facebook-Conversion (80) 0.1 .94

Cost-Effectiveness

Conversion-tracking campaigns on both Facebook and Twitter
were more cost-effective at garnering survey respondents,
averaging US $3.13 and US $1.76 per response, respectively.
Click-based campaigns cost an average of US $3.16 and US
$10.00 per response on the same platforms. There was a
substantial difference in the cost of impressions between
platformsin the click-based conditions, with Facebook charging
US $1.91 per 1,000 impressions compared with US $9.90 on

http://www.jmir.org/2019/7/€12980/
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RenderX

Twitter. There was, however, only a nominal difference in the
cost of impressions among conversion-based conditions.

Of the 4 paid advertising conditions, the Twitter-Conversion
campaign was the most cost-effective in terms of generating
survey responses, followed by the Facebook-Conversion,
Facebook-Click, and Twitter-Click campaigns. The
Facebook-Click campaign was the most cost-effective in
generating broad audience exposure, followed by the
Twitter-Conversion, Facebook-Conversion, and Twitter-Click
campaigns (Figure 4).
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Figure 4. Cost-effectiveness measures by recruitment method.
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Demographic Comparisons Across Platforms and
Tracking Methods

Differences Between Platforms

There were notable differences in the demographic
characteristics of survey respondents recruited on each of the
3 platforms (Facebook, Twitter, and Reddit), particularly by
age, gender, and race and ethnicity. There was no significant
difference in the level of education reported by respondents
recruited across different platforms (H,- 4.61, P=.10).

Among those who reported their age (n=266), there were
significant differences in the average age of respondents
recruited on different platforms (F,,53=58.18; P<.001). The
agedistributionsfor respondentsrecruited on each platform are
presented in Table 3. There was not a significant difference
between the age of respondents recruited on Facebook (mean

http://www.jmir.org/2019/7/€12980/
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Facebook

Twitter

Recruitment platform

49.13) and Twitter (mean 53.11); however, respondentsrecruited
on Reddit were, on average, significantly younger than either
of the other 2 groups (mean 34.23).

Therewere significant differencesin theratio of femaleto male
respondents between those who were recruited on different
platforms ()(22:53.0; P<.001). The gender distributionsfor each
recruitment platform are presented in Figure 5. Female
respondents made up the majority on both Facebook (65/82,
79%) and Twitter (102/122, 83.6%), but were in the minority
among those recruited on Reddit (37/94, 39%).

Table 4 contains a complete reporting of respondent race and
ethnicity by recruitment platform. The difference in the
proportion of white to nonwhite respondents across platforms

approached significance (x%,=5.7; P=.06). The proportion of
white respondentswas higher on Twitter (105/121, 86.8%) than
on Facebook (58/79, 73%) or Reddit (75/94, 80%).
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Table 3. Respondent age by recruitment platform and tracking metric.

Category Age (years), mean (SD) F test (df1,df2) P vaue
Recruitment platform (n)
Facebook (69) 49.13 (12.64) 58.18 (2,263) <.001
Twitter (110) 53.11 (12.95) 58.18 (2,263) <.001
Reddit (87) 34.23(11.89) 58.18 (2,263) <.001
Overall (266) 45.90 (15.00) _a —

Tracking metric (n)

Click (50) 51.93 (12.67) 0.35(1,177) .56
Conversion (129) 51.81 (13.08) 0.35(1,177) .56
Overall (179) 51.58 (12.94) — —
@ot applicable.
Figure5. Distribution of respondent gender by recruitment platform.
Gender
Male Female
120 100 80 120
Twitter
Facebook
Reddit
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Table 4. Respondent race and ethnicity by recruitment platform and tracking metric.

Category Race and ethnicity
White/Caucasian African American Hispanic/Latino Asian Multiethnic Other
Recruitment platform
Facebook (N=79) 58 (73) 2(3) 5(6) 1(1) 8(10) 5(6)
Twitter (N=121) 105 (86.8) 3(25) 4(3.3) 2(17) 5 (4.1) 2(17)
Reddit (N=94) 75 (80) 2(2) 1(1) 5(5) 10 (11) 1(D)
Overall (N=294) 238 (81.0) 7(2.4) 10(3.4) 8(2.7) 23(7.8) 8(2.7)
Tracking metric
Click (N=57) 44 (77) 2(4) 2(4) 0(0) 6 (11) 3(5)
Conversion (N=143) 119(83.2) 3(21) 7(4.9) 3(21) 7(4.9) 4(2.8)
Overall (N=200) 163 (81.5) 5(2.5) 9(4.5) 3(L5) 13(6.5) 7(35)
8Respondents who selected more than 1 option for race and ethnicity.
Figure 6. Distribution of respondent gender by tracking metric.
Gender
Male Female
Count
120 100 80 60 40 20 0 20 40 60 80 100 120

Conversion

Click

Differences Between Tracking Methods

The demographic characteristics of survey respondentsrecruited
on paid advertising platforms (ie, Facebook and Twitter) using
click-tracking were compared with those recruited using
conversion-tracking. Respondents recruited from Reddit were
excluded from this analysis, as no tracking method was used
on thisplatform. The demographic differences between tracking
methods were generaly less substantial than those observed
between platforms. The only significant difference noted was
in the ratio of femae to male respondents between those

recruited using different tracking methods (x21=4.5; P=.03).
Gender distributions for each tracking method are summarized
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in Figure 6. Femal e respondents made up the majority in both
cases, but were more prevalent among those recruited using
conversion-tracking (124/145, 85.5%), compared with those
recruited using click-tracking (43/59, 73%).

There was no significant difference in the age distribution of
respondents recruited using conversion-tracking compared with
click-tracking (F; ;7,=0.35, P=.56) or intheir level of education

(H,=0.02, P=.88). Similarly, no significant differences were
found between tracking methods in the proportion of white to
nonwhite respondents recruited (x?,=1.0, P=.32).
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Discussion

This study set out to test and evaluate the use of social media
platforms as a recruitment tool for research on a hard-to-reach
population. To do so, it directly compared paid and unpaid
recruitment campaigns implemented on multiple social media
platforms (Facebook, Twitter, and Reddit) and employed
different advertising tracking metrics (click-based and
conversion-based). Only a handful of studies have directly
compared multiple methods of survey recruitment on social
media; thus, this study represents a novel contribution to the
development of Web-based survey methodology in general and
recruitment approaches for hard-to-reach populations in
particular.

Nearly identical sample sizeswere obtained via paid Facebook
(n=159) and Twitter (n=167) advertising, aswell asthe sample
obtained viaunpaid posting on Reddit (n=112). Although survey
recruitment on social mediafor population health research has
predominantly taken place on Facebook, this finding suggests
that targeted advertising via other social media platforms may
also beviable. Although the overall user base of Twitter isoften
noted to be substantially smaller than that of Facebook, and this
was reflected in the reach of recruitment campaigns on that
platform, this did not appear to constrain the effectiveness of
Twitter as a platform for recruiting participants, with both
Facebook and Twitter yielding comparable numbers of
participants over both tracking metrics. Similarly, unpaid posting
to community groups may also prove productive in achieving
abroader sample.

The difference in the effectiveness of survey recruitment on
Facebook and Twitter when considering both tracking metrics
was found to be negligible; however, significant differencesin
the effectiveness of different tracking metrics across platforms
were observed. Conversion-tracking campaigns recruited more
than twice the number of respondents recruited by click-tracking
campaigns, given the same budget. These results suggest that
the use of different tracking metrics hasimportant implications
in determining the success of survey recruitment campaigns
and warrants further investigation.

Overall, the use of conversion-tracking on Twitter was found
to be the most cost-effective combination of tracking metric
and platform conditions. The effectiveness of this approach may
have been partialy driven by organic growth (ie, individual
usersreposting recruitment materialsfrom their own accounts).
The number of survey responses garnered by this campaign
exceeded the number of clicks detected on the advertisement,
suggesting that this version of the recruitment materials was
shared beyond the initial target audience for the advertising
campaign. In an open-response question attached to the Reddit
version of the questionnaire that asked respondents to identify
the subreddit through which they had been recruited, 4
respondents indicated that recruitment materials had been
forwarded to them by a friend or family member. Although
these are the clearest indications for organic growth among the
study conditions, it is possible that similar redistribution may
have occurred in other cases as well.
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This observation should serve as areminder that all Web-based
survey recruitment materials have the potential to be
redistributed beyond theinitial target audience, or otherwise go
viral, unless steps are taken to prevent this. This potential may
be useful in recruiting a larger sample or if recruiting entirely
on socia mediaplatformsthat do not allow targeted advertising.
Here, researchers may wish to adopt from the existing literature
on predictors of advertising message virality [20,21]. Thereis
also significant cause for concern in contexts where nontarget
audiences may be undesirable because of the scope or subject
matter of the survey. Web-based surveys dealing with
contentious topics have, in recent years, been redistributed in
partisan discussion groups with the goal of sending a political
message through the community’s collective response [22,23].
Surveys regarding health issues where significant public
controversy exists might likewise be subject to purposive
redistribution with the intent of affecting the results, even if
initially targeted at a more limited audience. Future research
should seek to identify the extent of organic sharing of survey
recruitment material s and distinguish between the data collected
from targeted and nontargeted respondents.

Demographic differences among study participants were
observed between social media platforms and tracking methods.
It should be noted that observed differencesin the demographic
makeup of samples apply only to the subset of participantsin
each who answered optional demographic questions. Reddit
attracted a sample that was approximately 15 years younger on
average than that recruited from either Facebook or Twitter. In
addition, the sample recruited from Reddit included far more
male respondents than that of either Facebook or Twitter. No
significant difference between platformswas observed for either
education levels or race and ethnicity.

In terms of tracking methods, conversion-tracking resulted in
asampl e that included more women than that recruited through
click-tracking. No other demographic differenceswere observed.
It is possible, given the higher number of female respondents
observed among those recruited on Facebook and Twitter, that
conversion-based targeting may have skewed the sample even
further toward femal e respondents by iteratively targeting female
users at a higher rate than male users.

The demographic breakdown of survey participants closely
matches that of other surveys conducted with DTC testing
consumers [24,25], reflecting early adopters of this technology
who are primarily white and highly educated. Although this
study appeared to represent more females than males, past
surveys have shown gender variation across DTC companies
themselves, which may reflect demographic differencesin user
base[25]. Similarly, athough recruitment on Reddit, compared
with Facebook and Twitter, resulted in a very different set of
respondents, it is unlikely that any of the samples is more
intrinsically representative of anything beyond the respective
platform’s user base. As such, conducting recruitment on
multiple platforms likely facilitated access to a more
demographically diverse set of respondents, which yielded a
final sample population that was more consistent with the past
studies.
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Limitations

A major limitation for any study of modern Web-based
advertising is the issue of algorithm dynamics or the changes
made by engineers to improve the commercial service and by
consumers in using that service [26]. Research findings on the
effectiveness of specific software tools are intrinsically limited
by the potential of such tools to evolve and change in
unpredictable ways. The platform features used in this study to
select an audience may not be viable in the near future, and
Facebook or Twitter may update their advertisement targeting
algorithm to select interested groups more effectively or more
narrowly than researchers intend.

Limitations also arise from differences in the affordances of
advertising platforms for defining a target audience as well as
parameters for the display and timing of advertisements.
Although the practical implications of these distinctions may
be negligible, they do undermine the ability of researchers to
directly compare the performance of advertising materials on
different platforms or otherwise require researchers to isolate
the most salient points of comparison: for example, in this study,
differences in the way Facebook and Twitter handled bidding
for advertising space meant that campaigns could either be
restricted to equal budgets or to equivalent timeframes, with
the former ultimately being deemed more relevant to the
research questions at hand.

There were also substantial differences in the affordances of
each platform for displaying advertising materials: the amount
and size of displayed text, as well as the availability and size
of graphics, are constrained both by thetechnol ogical limitations
of the platform (eg, Twitter's character limit) as well as
community norms and expectations. This study adjusted the
advertising materials displayed in each condition to best take
advantage of the affordances of that platform: for example, more
extensive copy was displayed to Reddit users before clicking
on the recruitment link than users on Facebook or Twitter.
Although this allowed the experiment to conform more closely
to the norms of each platform, and thus supported itsecol ogical
validity, it does introduce further limitations on the direct
comparability of results across platforms.

When conducting survey research, numerous considerations
can influence the desired sample size. Although unpaid
recruitment in Web-based community groups may perform
comparably to recruitment via paid advertisements on social
media, it should be noted that the number of potential
respondents reached through paid advertising is more readily
scalable, given a sufficient budget. By contrast, the potential
audience in Web-based communitiesis limited by the number
of active users, which may be quite small for hard-to-reach
populations of interest. Such communities typically frown on
repeated posting, further limiting the audience that may be
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reached to those who are active in the period immediately
following the initial post. The inherent limits on the scope of
populationsthat can be reached through Web-based communities
may, therefore, render unpaid Web-based recruitment less
effective than paid advertising for achieving larger sample sizes.

In addition, paid advertising platforms allowed for audiences
to be targeted based on location. In cases of organic sharing of
those advertisements, as well as recruitment in community
groups, no similar controls are available. Future research should
compare survey data from targeted audiences against those
reached through organic growth. Likewise, an assessment of
how particular tracking metrics may lead to targeting of
particular demographic or interest groups is necessary to fully
understand the implications of using Web-based advertising for
survey recruitment. As audience targeting and tracking
algorithms continue to develop, longitudinal sampling of the
same small population may be useful to evaluate whether
algorithm dynamics have significant effects on Web-based
survey recruitment.

Theselimitations only stressthe need for additional comparative
studies of survey recruitment through different Web-based
advertising platforms and tracking metrics. By understanding
and evaluating the results of Web-based distribution, researchers
can be aware of the effectiveness and limitations of various
targeting and tracking approaches. Likewise, by comparing the
characteristics of respondents from multiple recruitment
campaigns, it ispossibleto test the effectiveness of the different
methodsin reaching target populations. The results of thisstudy
suggest that conversion-tracking metrics support more
cost-effective survey recruitment than conventional designation
of audience parameters accompanied by click-based tracking.
However, algorithmic targeting of advertisements also poses
problems for the reliability and reproducibility of survey
research as sampling mechanisms may changein unpredictable

ways.
Conclusions

The results of this study indicate that there are meaningful
differences between different approaches to Web-based survey
recruitment. Advertisements on social media are a pragmatic
method for survey recruitment, particularly within hard-to-reach
populations and are most effective when combined with
conversion-based tracking metrics. Recruitment through
Web-based community groups is an effective complementary
approach for reaching such popul ations and may give accessto
amore diverse sample than advertising alone. These tools must
be used with due intentionality and an awareness of limitations
so as to avoid potentia pitfalls. Future research is needed to
fully understand the effect of organic sharing and algorithm
dynamics on the constitution of Web-based samples.
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Abstract

Background: College students are increasingly reporting common mental health problems, such as depression and anxiety, and
they frequently encounter barriers to seeking traditional mental health treatments. Digital mental health interventions, such as
those delivered via the Web and apps, offer the potential to improve access to mental health treatment.

Objective: Thisstudy aimed to review the literature on digital mental health interventions focused on depression, anxiety, and
enhancement of psychological well-being among samples of college studentsto identify the effectiveness, usability, acceptability,
uptake, and adoption of such programs.

Methods: We conducted a systematic review using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (registration number CRD42018092800), and the search strategy was conducted by a medical research librarian in the
following databases: MEDLINE (Ovid), EMBASE (Elsevier), PsycINFO (EbscoHost), the Cochrane Library (Wiley), and Web
of Science (Thomson Reuters) from the date of inception to April 2019. Data were synthesized using a systematic narrative
synthesis framework, and formal quality assessments were conducted to address the risk of bias.

Results: A total of 89 studies met theinclusion criteria. The majority of interventions (71/89, 80%) were delivered viaawebsite,
and the most common intervention was internet-based cognitive behavioral therapy (28, 31%). Many programs (33, 37%) featured
human support in the form of coaching. The majority of programs were either effective (42, 47%) or partially effective (30, 34%)
in producing beneficial changes in the main psychological outcome variables. Approximately half of the studies (45, 51%) did
not present any usability or acceptability outcomes, and few studies (4, 4%) examined a broad implementation of digital mental
health interventions on college campuses. Quality assessments revealed a moderate-to-severe risk of biasin many of the studies.

Conclusions: Results suggest that digital mental health interventions can be effective for improving depression, anxiety, and
psychologica well-being among college students, but more rigorous studies are needed to ascertain the effective el ements of
these interventions. Continued research on improving the user experience of, and thus user engagement with, these programs
appears vital for the sustainable implementation of digital mental health interventions on college campuses.

(J Med Internet Res 2019;21(7):€12869) doi:10.2196/12869
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Introduction

In the last decade, rising rates of college students experiencing
symptoms of depression and anxiety have been observed [1-3].
Globally, approximately 31% of college students screened
positive for amental health disorder over the course of the last
year [4]. It hasalso been increasingly recognized that accessing
treatment for these common mental health problemsisdifficult.
Many students have low mental health literacy and do not
recognize a need for treatment but rather believe that these
depression and anxiety symptoms aretypical college stressand,
therefore, do not warrant treatment [5]. Students who do
recognize aneed for mental health services often face multiple
barriers to accessing care, perceive the care available to them
as inconvenient, and are skeptical about the efficacy of care

[6,7].

Campus counseling centersarewell positioned to provide mental
health care. However, many counseling centers across the
country are underresourced, have difficulty reaching students
in need, and operate at full capacity during much of the year

[8].

Digital mental health interventions, such as those delivered via
mobile- and Web-based platforms, offer the possibility of
treatment to college students with common mental health
problems while circumventing many existing barriers to
receiving traditional mental health services, including stigma
and time [9-11].

The evidence base for digital mental health interventions for
general adult populationsisvast [12-15], and the evidence base
for college and university student populations is rapidly
accumulating. In 2013, asystematic review of technology-based
interventions for mental health in tertiary students found that
these types of interventions offer promise for improving
symptoms of certain mental health problems, but it concluded
that more research was needed [16]. A 2014 systematic review
and meta-analysis of computer-delivered and Web-based
interventions for university students found that these types of
interventions can be effectivein improving depression, anxiety,
and stressamong students[17]. Morerecently, a2018 systematic
review and meta-analysis found that internet interventions can
have small-to-moderate effects on a range of mental health
conditions [18].

However, there have been limitations of these past reviews, as
they have focused exclusively on studies that were randomized
controlled trials (RCTs). Although afocus on studieswith RCT
designs alows researchers to evaluate the efficacy and
effectiveness of digital mental health interventions, the exclusion
of papersreporting on other study designs presents asignificant
gap in our ability to assess the uptake and adoption of digital
mental health interventionsfor university students (which could
be assessed in nonrandomized designs, including single-arm
trialsin which an intervention is made available to all students
on campus). This is particularly important as the full public
health potential of these types of interventionsistied not only
to clinical efficacy but also to the successful implementation of
these programs in real-world settings. Across the board, the
implementation and integration of digital health tools into
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routine care settings has been a challenge. Many have called
for testing digital health tools under more pragmatic conditions
to maximize the transfer of knowledge from research trials to
real-world implementation [19-21], and studies examining the
real-world uptake and engagement with digital mental health
tools have generally found low engagement and completion
rates [22]. Furthermore, in recent years, increased focus has
been on assessing the user experience (including the usability
and acceptability) of such interventions to identify and rectify
user experience failingsthat could limit one'sability and desire
to continueto use aprogram [23-25]. Theaim of this systematic
review wasto eval uate the effectiveness, usability, acceptability,
uptake, and adoption of digital mental health interventions for
treating depression and anxiety and for enhancing psychological
well-being among college students. Characteristics of the student
digital mental health interventions have been described here.

Methods

Eligibility Criteria

To be included in this review, studies had to (1) examine an
intervention that aimed to improve psychological well-being,
psychological distress, stress, depressive, and/or anxious
symptoms; (2) deliver the intervention via a digital platform
(including mobile phone, website, virtual reality systems, and
offline computer programs; they could be delivered asan adjunct
to face-to-face interventions); (3) include students enrolled in
higher education institutions, such as 2-year community
colleges, professional schools (eg, medical school and nursing
school), 4-year colleges (ie, bachelor's degree—granting
institutionsthat do not offer graduate degrees), and universities,
(4) report outcomes related to psychological well-being,
psychological distress, stress, depressive and anxious symptoms,
and/or the use and reach of an intervention; and (5) be written
in English. In this paper, we use the term college students to
refer to all students in postsecondary education, including
medical students. All study designs were included, with the
exception of technical validation papers reporting exclusively
on the development of digital mental health interventions.
Conference abstracts were also excluded.

Search Strategy

A comprehensive search strategy was devel oped using keywords
and controlled vocabulary to describe university students,
depression and anxiety, and digital mental health interventions.
The search strategy was adapted to the electronic databases
MEDLINE (Ovid), EMBASE (Elsevier), PsycINFO
(EBSCOhost), Web of Science (Thomson Reuters), and the
Cochrane Library (Wiley). Each database was searched from
the date of inception to April 18, 2019. As some relevant
journals (ie, IMIR Mental Health and Digital Health) are not
indexed in the searched sources, an additional handsearch was
conducted through these publications and through the reference
listsof related systematic reviews. The searcheswerenot limited
based on publication date, language, document type, or study
design. Throughout the study selection, the reference lists of
included studies were further reviewed to identify relevant
citations. The search strategy terms are presented in Multimedia
Appendix 1. The review adhered to the Preferred Reporting
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Items for Systematic Reviews and Meta-Anayses (PRISMA)
guidelines[26] and was registered before data extraction on the
international prospective register of systematic reviews
PROSPERO website (registration number CRD42018092800).

Study Selection

Search results were uploaded into Rayyan, a Web-based
software program that allowsfor reviewersto collaborate during
the study selection process [27]. Two reviewers independently
screened each of thetitlesand abstractsfrom theinitial literature
search against the inclusion criteria. Authors EGL, ECA, NW,
CSS, and AKG served as reviewers. Full-text articles for the
approved articles were then screened independently by 2
reviewers. Discrepancies about inclusion were resolved by
discussion, and athird reviewer was brought into the discussion
if necessary.

Data Extraction

Two reviewers extracted the data independently from each
eligible study using a Web-based extraction form that was
piloted and calibrated with all reviewers before formal data
extraction. Discrepancies about data extraction were resolved
by discussion, and a third reviewer was brought into the
discussion if necessary. The data extracted included the study
location, study design, type of comparator, type of
prevention/treatment, type of technology, name of
technology/program, type of program, primary intervention
target(s), presence of support, student population, setting, sample
size, length of intervention, usability and acceptability outcomes,
uptake and adoption outcomes, psychological outcomes, and
type of analyses performed (ie, completer or intent to treat).

Outcomes

Thisreview examined the effectiveness, usahility, acceptability,
uptake, and adoption of digital mental health interventions for
treating depression and anxiety and for enhancing psychological
well-being among college students. The effectiveness outcomes
included measures of depressive symptomatology (eg, Beck
Depression Inventory-11 [28] and Patient Health Questionnaire
[29]), measures of anxious symptomatology (eg, Beck Anxiety
Inventory [30] and Anxiety Sensitivity Inventory [31]), and
measures of psychological distressand well-being (eg, Perceived
Stress Scale [32] and Scales of Psychologica Well-being [33]).

For the purpose of this review, usability was defined as the
quality of auser’s experience when interacting with aprogram.
Usahility isan umbrellaterm that includes the ease of learning
aprogram, the efficiency of use, the memorability of it, and the
subjective satisfaction with a program. The usability outcomes
include standard usability measures (eg, the System Usability
Scale [34]) and qualitative usability reports. Acceptability is
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specifically about satisfaction with different aspects of the
program and was primarily measured through qualitative
self-reporting.

For the purpose of this review, the terms uptake and adoption
were used in conjunction with one another [35] and were
together defined as the action of trying an innovation. Thus,
uptake and adoption outcomes were primarily metrics on the
number of downloads and uses and were intended to be
described aongside the number of users relative to the
population of potential users when available (to determine the
rates of service penetration [35]). However, few studies provided
these details. Metrics on the completion of follow-up
assessments and study attrition (or fidelity to the intervention)
were examined in studiesthat did not provide detailed program
usage metrics to alow for further implementation-related
insights to be gathered.

Quality Assessment

As this review included both randomized trials and
nonrandomized trials, the risk of bias was assessed using 2
separate tools: the Cochrane Collaboration’s tool for assessing
risk of bias in randomized trials [36] and the Cochrane
Collaboration’stool for ng risk in nonrandomized studies
of interventions [37]. For randomized trials, risk of bias was
evaluated for selection bias, performance bias, detection bias,
attrition bias, and reporting bias using the anchors of a low,
high, or unclear risk of bias. For nonrandomized trials, risk of
bias was evaluated for bias because of confounding, bias in
selection of participantsinto the study, bias in classification of
interventions, bias because of deviations from intended
interventions, bias because of missing data, biasin measurement
of outcomes, and biasin selection of the reported result.

Data Synthesis

A systematic narrative framework was used to synthesize the
data [38-40]. Owing to the high degree of heterogeneity in
outcomes and measurement included in this study, a
meta-analytic approach was not appropriate. Following the
systematic narrative framework for literature reviews [39], the
results of included studies were synthesized and presented
without reference to the statistical significance of the findings.

Results

Included Studies

A total of 6428 articletitles and abstracts were reviewed. Then,
187 full-text articleswere reviewed for inclusion, with 89 studies
included in the review for data extraction. See Figure 1 for the
PRISMA flow diagram.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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Study Char acteristics

Of the 89 studies included in this review, 72 employed
randomized study designs [41-112], whereas the remaining 17
were nonrandomized [113-129]. One of the included studies
[83] was a secondary analysis of another included study [84].
Another one of the included studies [129] was a qualitative
study of the usability and acceptability of another included study
[101]. The vast majority of the included studies (n=81
[41-44,47-52,54-56,58-111,113,114,116-120,122,123,125-129])
took place at universities, with far fewer taking place at 4-year
colleges (n=2 [45,46]), a hedth professional schools (eg,
medical school and nursing school; n=5[57,115,121,124,130]),
and at community colleges (n=1 [53]). Approximately half of
the studies (n=44 [42-48,50,53,55,56,58-61,63,65,66,72,73,
76-78,81,87-90,93,95,98,99,101-104,106,108,110,116-118,
122,125]) targeted undergraduate students exclusively. Most
studies included were focused on either universal prevention
programs (n=36  [43,48,53,54,63-67,70-73,75-78,90,91,
94,95,97,99,100,102,106-108,110-112,114,118,119,125,126]),
or on treatment intervention programs (n=22 [41,49,50,52,
58,69,74,79,80,83-86,88,89,92,98,113,117,120,122,127]).

Weexamined if each study appeared to be designed specifically
for students (eg, the purpose of the study was focused on college
student mental health) or if college students appeared to be used
as a convenience sample. As seen in Multimedia Appendix 2,
a minority of the studies (n=12 [44,71,89,90,93,95,104,
110,111,114,118,123]) appeared to use college students as a
convenience sample, and for an additional 9 studies, it was
unclear if the program was being tested specifically for college
student mental health or if college students were a convenience
sample [47,50,51,61,64,68,84,105,122].

The majority of these studies (n=46 [43-48,51-55,57-59,
62,65-67,69,72,76-78,86,87,113,116,119,120,122,124-127,131])
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took placeinthe United States. As seenin Multimedia Appendix
2, several studies also took place in the United Kingdom (n=6
[60,73,75,80,96,114]), Ireland (n=5[83-85,117,123]), Austraia
(n=5 [50,61,74,109,115]), Canada (n=5 [42,49,81,102,103]),
and China (n=5[70,71,89,91,100]).

A total of 71 studies utilized a Web-based technology ([42-44,
46,49,50,53-55,57,59-88,90,91,94,96-101,103-110,112,113,115-121,
123-126,128]), and 8 studies utilized interventions delivered
via mobile phone (app-based programs and short message
service-based programs) [52,56,59,95,101,102,114,129].
Furthermore, 11 studies utilized offline computer-based
programs|[41,45,47,51,52,89,92,93,105,111,127], and 3 studies
focused on virtual reality programs [58,111,122]. As seen in
Multimedia Appendix 2, some studies included more than one
type of technology, and thus, the numbers reported in the
previous sentence add up to more than the 89 studies included
in this review. Although the interventions examined were
variable in content and in length, the most common type of
intervention examined was internet-based cognitive behavioral
therapy (n=28[42,49,50,57,61,68,72-75,79-81,83-86,88,98,101,
103,107,109,112,113,123,128,129]). The modal length of
intervention was 8 weeks. Most studiesfocused on digital mental
health programs developed for the specific study, whereas a
minority of studies (n=15) focused on publicly available
interventions (ie, Beating the Blues, n=3[83,84,86]; MoodGY M,
n=5([50,57,68,98,112]); Therapist-Assisted Online, n=1[113];
Headspace and Smiling Mind, n=1[95]; Family eJournal, n=1
[90]; Tesschatbot, n=1[97]; DeStressify, n=1[102]; Overcome
Social Anxiety, n=1 [103]); SilverCloud Health’s Space from
Depression, Space from Anxiety, and Space from Stress, n=1
[128]; and CareCollaborateConnect: Student Success and
thedesk, n=1[109]).
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The mgjority of interventions studied offered some level of
support or guidance to users—many of these interventions
featured coaching from a human (n=33 [41,49-51,58
62-66/69,71,73,74,76,79,82-8894,101,104,105,107,116,122,123128129)),
whereas others featured automated support (n=18 [44,48,
53,57,59,67,70,77,91,98-101,106,108,112,113,115]), such as
prescripted emails. Several studies examined self-guided
interventions (n=33 [42,43,45,46,52,54-56,60,61,68,72,75,78,
80,81,89,90,92,93,95,97,102,103,109-111,114,118,119,121,124,125)])
in which the participants only had contact with the study staff
for research assessments; few studies focused on technology as
an adjunct to therapy (n=5 [47,86,100,120,126]), 2 studies
provided peer support [96,117], and 1 study had an unclear
presence of support (n=1[127]).

Effectivenessof Interventions Studied on Psychological
Outcomes

As seen in Multimedia Appendix 3, the majority of studies
reported that the digital mental health intervention(s) of interest
were either effective (eg, improvements were observed in all
main outcomes; n=42 [41,42,45,47-51,54,56,57,59,60,62,63,
68,71,78,79,84-89,92,93,100,101,103,112,113,115,120,122,123,125,
127,128,131]) or partialy effective (eg, improvements were
observed in some main outcomes; n=30 [43,44,52,53,58,61,
65,67,69,70,72-77,80-82,90,91,94-97,99,102,108, 111,124]) in
producing beneficial changesin the main psychological outcome
variables. A minority of studies reported on interventions that
were not effective (n=10 [46,55,64,66,98,114,117]) or did not
report on psychological outcomes and focused on program usage
or usability (n=6[116,118,119,121,126,129]). An examination
of intervention effectiveness by type of technology used follows.
Of the 71 studies that included a Web-based intervention, 30
were effective, 25 were partially effective, 8 were not effective
at producing beneficial changes in the main psychological
outcome variables, and for 8 studies, effectiveness was not
applicable. Of the 8 studiesthat included interventions delivered
via mobile phone, 3 were effective, 3 were partially effective,
1 was not effective, and for 1 study, effectiveness was not
applicable. Of the 11 studies that included offline
computer-based programs, 10 were effectiveand 1 was partially
effective. Of the 3 studies that included a virtual reality—based
intervention, 1 was effective and 2 were not effective.

Of the 42 studies deemed effective in producing beneficial
changes in the main psychological outcome variables, 36 of
those studies utilized a control condition; although the quality
of control conditions varied broadly and ranged from treatment
as usua or waitlists to other digital programs or face-to-face
treatment [41,42,45,47,48,50,51,54,56,57,59,60,71,78,79,84,
86,88,89,92,93,100,101,103,105,107,109,112,113,125]. See
Multimedia Appendix 2 for more information. Some studies
targeted general mental health and well-being and listed several
primary outcome variables; thus, it was difficult to ascertain
whether the intervention was fully effective. To provide a
conservative estimate, these studies were counted as partialy
effective.

Usability and Acceptability of I nterventions Studied

Approximately half of the studiesincluded in thisreview (n=45
[41-44,48,54-57,59,60,62,63,70,73,76-78,81,84,85,87-93,96,
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100,102,104,106,110,111-113,116,118,121-125,127]) did not
present any usability or acceptability outcomes. In those studies
that presented usability and acceptability outcomes, the results
were generally favorable. However, response rates were often
low (which was specifically noted in the studies by Lintvedt et
al [68] and Mailey et a [69]), so it is difficult to ascertain the
true acceptability of theseinterventions asthose who continued
to engage with the study procedures may have found the
interventions more useful and usable than those who did not.

As seen in Multimedia Appendix 3, studies that presented
usability and/or acceptability outcomes typicaly relied on
single-item Likert scales, questionnaires, or user feedback
interviewsrather than validated measures. A minority of studies
used validated measures such as the System Usability Scale
[65-67,120,132] to assess usability and the Client Satisfaction
Questionnaire[61,71,86,133] to assess acceptability. Theresults
of formal usability testing were not presented in any of the
studies.

Uptake and Adoption of I nterventions Studied

The vast magjority of studies did not specify the size of the pool
of potential participantsfrom which the study participantswere
dravn (n=81 [41-54,56-61,63-71,73-91,93-101,103-105,
107-111,113-115,117-127,129]) and recruited from seemingly
large pools of students. Furthermore, many studies did not
present the metrics on the usage of the digital mental health
interventions (n=29 [44,45,48,50,53,56,69,70,73,74,76-78,81,
89,90,93,98,99,103-105,107,109-111,113,114,124]. Asdetailed
program usage metrics were not addressed by the authors of
several included studies, the Uptake and Adoption column in
Multimedia Appendix 3includesadditional dataon completion
of follow-up assessments and study attrition as a proxy for
intervention uptake and adoption. For studies that did not
provide clear metrics on the completion of follow-up
assessments and/or study attrition, we have listed not reported
in this column. For studies that examined digital mental health
interventionsin standardized laboratory settings, we havelisted
N/A due to standardized within-lab use.

Relatively few studies examined theimplementation of adigital
mental health intervention on a college campus and reported
on the implementation outcomes [35,93,98]. Although a small
handful of studies reported on the broad uptake and adoption
of programs that were implemented on college campuses
[86,116,119,128], the Beating the Blues implementation by
Santucci et al [86] and the SilverCloud implementation by
Paacios et al [128] werethe only studiesin which the feasibility
of implementing adigital mental health program was explicitly
discussed. Santucci et a set out to assess the feasibility,
acceptability, and effectiveness of Beating the Blues for
university students (as benchmarked to published trials) and
outlined their process of conducting a needs assessment and
engaging stakeholders before commencing the trial [86]. They
found preliminary support for the feasibility of disseminating
and implementing Beating the Bluesin auniversity health center
and effectiveness similar to what had been documented in a
previous RCT. Palacios et a [128] conducted an open tria in
which 3 SilverCloud programs—Space from Depression, Space
from Anxiety, and Space from Stress—were made available to
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the students and were advertised through on-campus counseling
centers. The majority of the participants found the programs
helpful and found benefit in having a supported Web-based
intervention available on campus, and the programs
demonstrated feasibility, acceptability, and effectiveness.

Asseenin Multimedia Appendix 3, many studieshad high rates
of attrition and low rates of sustained program use. Although
usage was variable and cannot be directly compared across
studies, a pattern emerged such that for module-based
interventions, usage dropped over an individual’stime spent in
the study. For example, module 1 program completion rates
were generally high, and in many studies examined, aminority
of participants completed all available modules.

Risk of Bias

As seen in Table 1, of the 72 randomized studies, 28 studies
were judged as having a low risk of bias ([41,44,47,54,57,
60,64,66,75,78,84,86,88,91,92,94,95,97,99,100,101,102-104,
109,111,112]) and only 9 studies were judged as having ahigh
risk of bias [45,49,58,63,65,72,83,96,110]. The remaining 35
studies were judged as having some concerns regarding bias
[42,43,46,48 50-5355,56,59,61,62,67-71,73,74,76,77,79-82,85,87,89,90,
93,98,105-108,131]. Risk of bias most frequently emerged
because of a potential bias in measurement of the outcome.
Some concernswere noted in thisdomain for roughly one-third
of the studies (n=27 [42,46,49,50,52,53,55,56,58,59,61-63,
65,67-70,72-74,76,81,82,85,87,89]) because outcomes were
self-reported in nature and the participants were aware of the
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intervention they received. Concernswere often noted regarding
potential bias arising from the randomization process, and
potential bias because of missing outcome data that were not
analyzed in a manner to minimize risk [80-82]. Potential bias
arising from the randomization process was frequently noted
because of baseline imbalances that suggested problems with
randomization. Concerns surrounding risk of bias because of
missing outcome data were frequently related to high levels of
attrition, which is a particularly common problem in studies of
digital mental health interventions.

Of the 16 nonrandomized studies screened for risk of bias, the
majority of studies (n=10 [113-115,117,120,122-125,128])
demonstrated a serious risk of bias using the Risk of Biasin
Non-Randomized Studies of Interventions (ROBINS-I) rating
scale, and 1 study demonstrated a critical risk of bias [127].
One qualitative study [129] from which we extracted usability
and acceptability data was not included in the risk-of-bias
assessments. This study collected data from participants of an
already analyzed RCT [101]. The details are provided in Table
2. Risk of biasis more common in nonrandomized studies, and
the 3 studies that were determined to have a low risk of bias
[116,118,119] all reported on the uptake and adoption of digital
mental health programs astheir main outcomes. Asthese metrics
were objective, minimal risk of bias was identified. For the
majority of studies, a potential for bias was identified in the
measurement of outcomes, as outcomes were self-reported in
nature and the participants were aware of the intervention they
received.
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Table 1. Risk of biasfor randomized studies.
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Authors and year of publication Dmn#1° Dmn#2° Dmn#3Y Dmn#4° Dmn#5  Overal risk
Alvarez et a, 2008 [41] LRY LR LR LR LR LR
Arpin-Cribbie et al, 2012 [42] LR LR LR sch LR sc
Asbury et a, 2018 [90] sc sc LR LR LR sc
Auyeung & Mo, 2018 [91] LR LR LR LR LR LR
Bedford et a, 2018 [92] LR LR LR LR LR LR
Booker & Dunsmore, 2017 [43] LR SC SC LR LR SC
Braithwaite & Fincham, 2009 [44] LR LR LR LR LR LR
Braithwaite & Fincham, 2007 [93] SC LR SC LR LR SC
Buglione et al, 1990 [45] sc sc sc LR LR HR
Chiauzzi et al, 2008 [46] LR LR LR SC LR SC
Cohen et a, 1999 [47] LR LR LR LR LR LR
Cukrowicz & Joiner, 2007 [48] SC LR LR LR LR SC
Day et a, 2013 [49] LR LR HR sc LR HR
Elliset a, 2011 [50] LR LR LR SC LR LR
Eustiset a, 2018 [94] LR LR LR LR LR LR
Fernandez et al, 1986 [51] LR LR LR LR SC SC
Fitzpatrick et al, 2017 [52] LR LR LR sc LR sc
Flett et al, 2019 [95] LR LR LR LR LR LR
Frazier et al, 2015 [53] LR LR LR sc LR sc
Freeman et al, 2008 [96] SC LR HR HR LR HR
Frith & Loprinzi, 2017 [54] LR LR LR LR LR LR
Fulmer et al, 2018 [97] LR LR LR LR LR LR
Geisner et a, 2015 [55] LR LR LR sc LR LR
Gibbel, 2010 [98] LR SC LR LR LR SC
Grassi et al, 2011 [56] LR LR sc sc LR sc
Greer, 2015 [99] LR LR LR LR LR LR
Guilleet a, 2015 [57] LR LR LR LR LR LR
Hall et al, 2018 [100] LR LR LR LR LR LR
Harrer et a, 2018 [101] LR LR LR LR LR LR
Harris et al, 2002 [58] HR LR HR SC LR HR
Hintz et al, 2015 [59] LR LR LR SC LR SC
Hoppitt et al, 2014 [60] LR LR LR LR LR LR
Howell et a, 2018 [112] LR LR LR LR LR LR
Kenardy et al, 2003 [61] LR LR LR sc LR sc
King et al, 2015 [62] LR LR LR sc LR sc
Koydemir & Sun-Selisik, 2016 [63] sc sc HR sc LR HR
Kvillemo et al, 2016 [64] LR LR LR LR LR LR
Lee & Jung, 2018 [102] LR LR LR LR LR LR
Levin et a, 2014 [65] LR LR LR SC HR HR
Levin et a, 2016 [66] LR LR LR LR LR LR
Levineta, 2017 [67] LR LR LR SC LR SC
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Authors and year of publication Dmn#1° Dmn#2° Dmn#3¢ Dmn#4° Dmn#5  Overal risk
Lintvedt et al, 2013 [68] SC LR LR SC LR SC
Mailey et al, 2010 [69] LR LR LR sc LR sc
Mak et al, 2015 [70] LR LR LR SC LR SC
Mak et al, 2017 [71] LR LR LR LR SC SC
McCall et &, 2018 [103] LR LR LR LR LR LR
Melnyk et al, 2015 [72] sc LR LR sC sC HR
Mogoase, 2013 [104] LR LR LR LR LR LR
Morris et al, 2016 [73] LR LR LR sc LR sc
Mullin et al, 2015 [74] SC LR LR SC LR SC
Musiat et al, 2014 [75] LR LR LR LR LR LR
Nguyen-Feng et a, 2015 [76] LR LR LR sc LR sc
Nguyen-Feng et al, 2016 [77] LR LR LR LR SC SC
Nguyen-Feng et a, 2017 [78] LR LR LR LR LR LR
Nordmo et al, 2015 [79] sc LR LR LR LR sc
Orbach et al, 2007 [80] LR LR SC LR SC SC
Radhu et al, 2012 [81] LR LR LR sc LR sc
Rasanen et &, 2016 [82] LR LR LR SC LR SC
Richards & Timulak, 2013 [83] LR SC SC LR HR HR
Richards et al, 2013 [84] LR LR LR LR LR LR
Richards et al, 2016 [85] LR LR LR sc LR sc
Rose et al, 2013 [105] SC LR LR LR LR SC
Sagon et al, 2018 [106] sc LR LR LR LR sc
Saleh et a, 2018 [107] SC LR LR LR LR SC
Santucci et al, 2014 [86] LR LR LR LR LR LR
Sarniak, 2009 [108] SC SC LR LR LR SC
Seligman et al, 2007 [87] SC LR LR SC LR SC
Stallman et al, 2018 [109] LR LR LR LR LR LR
Taitz, 2011 [110] sc sC sc LR LR HR
Tillfors et al, 2008 [88] LR LR LR LR LR LR
Villani & Riva, 2008 [111] LR LR LR LR LR LR
Yang et al, 2015 [89] LR LR LR sc LR sc

3Dmn: domain.

bBias arisi ng from the randomization process.

‘Bias due to deviations from intended interventions.

9Bias due to missi ng outcome data.

€Bias in measurement of the outcome.

"Biasin selection of the reported result.

9LR: low risk.

_hSC: some concerns.

'"HR: high risk.
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Table 2. Risk of bias for nonrandomized studies.
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Authors and year of publication Dmn#1° Dmn#2° Dmn#3® Dmn#4° Dmn#5  Dmn#69 Dmn#7"  Overall risk
Benton et &, 2016 [113] MR LR SRK LR SR SR LR SR
Carey et d, 2016 [114] MR LR LR LR LR SR LR SR
Finlay-Jones et a, 2016 [115] MR LR LR LR MR SR LR SR
Haas et a, 2008 [116] LR N/A! N/A N/A N/A N/A N/A LR
Horgan et al, 2013 [117] MR LR LR LR SR SR LR SR
Kaczmarek et al, 2013[118] LR N/A N/A N/A N/A N/A N/A LR
Kimet al, 2011 [119] LR N/A N/A N/A N/A N/A N/A LR
Levin et a, 2015 [120] MR LR LR LR MR SR LR SR
Mair et a, 2015 [121] MR LR SR LR NI™ SR LR NI
North et al, 2002 [122] MR LR LR LR LR SR LR SR
Palacios et a, 2018 [128] MR LR LR LR MR SR LR SR
Sharry et al, 2013 [123] MR LR LR LR MR SR LR SR
Spadaro & Hunker, 2016 [124] MR LR LR LR LR SR LR SR
Trockel et al, 2011 [125] CR" LR LR LR SR SR LR SR
Williams et al, 2014 [126] MR LR LR LR LR LR LR MR
Wilson et al, 1991 [127] MR CR LR LR LR SR CR CR

Dmn: domain.

bBias due to confoundi ng.

CBiasin selection of participants into the study.

9Biasin classification of interventions.

®Bias due to deviations from intended interventions.

’Bias dueto missing data.

9Bias in measurement of outcomes.

PBiasin selection of the reported resullt.

'MR: moderate risk.

JLR: low risk.

KSR: serious risk.

'N/A: not applicable. Any study deemed low risk in Domain #1 is considered low risk as awhole; thus, other domains are N/A.

"NI: no information.

"CR: critical risk.

computer-, Web-, mobile-, and virtua reality—based

Discussion

Principal Findings

Thisstudy aimed to synthesize theliterature on the effectiveness,
usability, acceptability, uptake, and adoption of digital mental
health interventionsfor (1) treating depression and anxiety and
(2) enhancing psychol ogical well-being among college students.
In doing so, the types of interventionsthat have been devel oped
and tested were characterized. The vast mgjority of included
studies reported that the digital mental health interventions of
interest were either effective, or partially effective, in producing
beneficial changesin the main psychological outcome variables.
This is consistent with past meta-analyses on digital mental
health programs for college students [17,18] and is consistent
with the broader literature on digital mental health interventions
[134,135]. Effectiveness did not appear to substantially vary by
type of digital mental health intervention, indicating that

http://www.jmir.org/2019/7/€12869/

RenderX

interventions all hold potential for improving mental health on
college campuses.

The majority of programswere studied on university campuses
and enrolled broad samples of undergraduate and graduate
students. The focus on universities was not surprising, as many
studies were conducted at the university with which the
researchers were affiliated, likely because of a combination of
ease and investment in one's own community. Fewer studies
took place within health professional (eg, medical school and
nursing school) programs. It was notable that only 1 study
comprised a community college sample, as it is widely
recognized that community college students have higher rates
of unmet mental health needs compared with students in
traditional 4-year colleges and universities [136-138].
Furthermore, community college students are likely to face
additional barriers to accessing care as they are more likely to
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attend school part-time while balancing other responsibilities
and commitments, and many community college campuses do
not provide mental health services[138]. Thus, this appearsto
be a priority area for further research and intervention
development.

College students are often used as a convenience sample for
psychological research[139]. Therefore, to interpret the findings
in light of whether the included studies aimed to specifically
target students, we examined whether the designs appeared
specific to college student mental health. We found that the
majority of studies (n=68) were focused explicitly on college
student mental health, as opposed to using students for
convenience sampling. This majority finding highlights the
potential for these programs to be more broadly disseminated
and implemented on college campuses.

Similar to what has been observed in digital mental health
intervention programs for general adult populations [22,134],
therewere notablerates of participant attrition and early program
discontinuation in many of the studies. An individual may
discontinue use of a digital mental health intervention for a
variety of factors. These include positive reasons, such as early
mood improvementsresulting in theindividual no longer having
a need for the intervention tools. More often though, early
discontinuation of such programs appears be the result of an
unsatisfying user experience. Although user experience is
multifaceted, the core components of user experiences include
the program’s usability and acceptability, which were a focus
of this study. A recent review of user engagement with mental
health apps found that problems emerge because apps (1) are
not designed with users in mind, (2) do not address problems
users care most about, (3) do not respect user privacy, (4) are
not seen as trustworthy, and (5) are unhelpful in emergencies
[140]. Although this review focused on mental health apps
[140], these themes appear to be trandatable to reasonsfor poor
engagement with other types of digital mental health
interventions. Indeed, these themes suggest usability problems,
which decrease the likelihood of user engagement because of
amismatch of design with user needs [141,142]. The majority
of interventionsincluded in thisreview were unnamed programs
developed for research purposes, and although many reported
on participant satisfaction with the program, the extent to which
the interventions were tested for user experience before these
trials remains largely unknown. Utilization of user-centered
design and usahility testing isagrowing practicein digital health
interventionsfor depression [ 143], smoking cessation [144,145],
and diverse patient groups[146]. Indeed, this practice promotes
the likelihood that the intervention is appropriately engaging,
intuitive to use, and pleasing to the intended user population.
Therefore, assessing for usability is a critical component in
establishing the feasibility, efficacy, and generalizability of a
digital health intervention, particularly for speciaty populations
[147].

Although user-centered design can produce programs that are
more engaging and enjoyabl e for users, design principles alone
are unlikely to produce interventions that are sustainably used
on college campuses. The research-to-practice gap for digital
mental health interventions is increasingly being recognized,
and leaders in the field have proposed strategies to routinely

http://www.jmir.org/2019/7/€12869/

Lattieet a

incorporate implementation science methods into the study of
digital mental health interventions [148,149]. These models
highlight the importance of the systemsin which interventions
are to be introduced, and although al studies included in this
review focused on college students as a population of interest,
very few examined college campus systems and tested the
implementation of programs onto campuses [86,109,116,119].
Increasingly, cals ae being made to collect
implementation-rel evant data while testing new digital mental
health programs or testing existing programs on new populations
[150-152]. For digital mental health to fully realizeits potential
for college students, digital health researchers need to embrace
methods and models from implementation science, such as
hybrid trial designs [153], and add to the body of knowledge
on how to create and support a campus mental health system
that actively uses digital mental health programs.

Strengthsand Limitations

This study should be interpreted in light of its strengths and
limitations. Consistent with best practices, the articles were
reviewed by 2 independent reviewers and risk of bias was
assessed. The moderate-to-severerisk of bias found in many of
the included randomized and nonrandomized trials indicates
that the results reported may be biased in favor of the digital
mental health tools and should be evaluated in that context. Bias
primarily emerged because the outcomes were self-reported in
nature and the participants were aware of the intervention they
received—2 issuesthat are exceedingly common in digital heath
research. Although the search strategy was developed with an
experienced research librarian and an additional handsearch
was used, it is possible that some relevant publications were
missed in the search. Several reviewed studies used active
controls or comparison interventions that produced similar
effects to the intervention of interest, so we were unable to
evaluate the effectiveness of intervention ingredientsto inform
what components (eg, features or techniques) are relevant for
achieving behavior change. Without the gold standard
interventions in digital health for college students that could
serve as comparisons with newly developed interventions,
several studies that were reviewed used active controls or
comparison interventions that produced similar effects to the
intervention of interest. In addition, none of theincluded studies
utilized noninferiority analyses. Therefore, the true efficacy of
most of the interventions was unclear.

Another strength is that we did not limit this review to RCTs
of computer- and Web-based programs. As such, this study
expands on past work by offering a much broader ook at the
typesof digital mental health programsthat have been available
for students and a look at the uptake and adoption of such
interventions. Uptake and adoption could not have been
meaningfully examined if this review was limited to RCTs.
However, the consequence of including multiple trial designs
precluded us conducting a meta-analysis because of the
heterogeneity of the dataincluded.

Conclusions

Digital mental health interventionsfor depression, anxiety, and
the enhancement of psychological well-being have the potential
to improve the mental health of college students around the
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world. Themajority of interventions have focused on Web-based
technologies, and there remains a need for further research on
interventions delivered via mobile phones. To date, published
studies on digital mental health programs have primarily been
focused on establishing efficacy and/or effectivenessrather than
on supporting program uptake and adoption across campus
communities. For these programsto realize their potential, they

Lattieet a

need to be successfully and sustainably implemented on college
campuses as part of the array of available mental health services.
Further research on digital mental health interventions for
college students should focus on designing and testing programs
that are viewed as usable and acceptable to students and on
methods of implementing such programs on college campuses.
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Abstract

Background: As the most commonly occurring form of mental illness worldwide, depression poses significant health and
economic burdens to both the individual and community. Different types of depression pose different levels of risk. Individuals
who suffer from mild forms of depression may recover without any assistance or be effectively managed by primary care or
family practitioners. However, other forms of depression are far more severe and require advanced care by certified mental health
providers. However, identifying cases of depression that require advanced care may be challenging to primary care providers and
health care team members whose skill sets run broad rather than deep.

Objective: This study aimed to leverage a comprehensive range of patient-level diagnostic, behavioral, and demographic data,
aswell as past visit history data from a statewide health information exchange to build decision models capable of predicting the
need of advanced carefor depression across patients presenting at Eskenazi Health, the public safety net health system for Marion
County, Indianapolis, Indiana.

Methods: Patient-level diagnostic, behavioral, demographic, and past visit history data extracted from structured datasets were
merged with outcome variables extracted from unstructured free-text datasets and were used to train random forest decision
models that predicted the need of advanced care for depression across (1) the overall patient population and (2) various subsets
of patients at higher risk for depression-related adverse events; patients with a past diagnosis of depression; patients with a
Charlson comorbidity index of =1; patients with a Charlson comorbidity index of =2; and all unique patients identified across
the 3 above-mentioned high-risk groups.

Results: The overall patient population consisted of 84,317 adult (aged =18 years) patients. A total of 6992 (8.29%) of these
patients were in need of advanced care for depression. Decision models for high-risk patient groups yielded area under the curve
(AUC) scores between 86.31% and 94.43%. The decision mode! for the overall patient population yielded a comparatively lower
AUC score of 78.87%. The variance of optimal sensitivity and specificity for al decision models, as identified using Youden J
Index, is asfollows. sensitivity=68.79% to 83.91% and specificity=76.03% to 92.18%.

Conclusions: This study demonstrates the ability to automate screening for patients in need of advanced care for depression
across (1) an overall patient population or (2) various high-risk patient groups using structured datasets covering acute and chronic
conditions, patient demographics, behaviors, and past visit history. Furthermore, these results show considerable potentia to
enable preventative care and can be easily integrated into existing clinical workflows to improve access to wraparound health
care services.
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Introduction

Background

Depression is the most commonly occurring mental illness
worldwide [1]. It negatively affects how up to 350 million
personsworldwidethink, feel, and interact [2]. Depression poses
significant health and economic burdens to both the individual
and community [3]. Previous studies have presented a strong
comorbidity between mental health and medical conditions[4].
Depression is highly prevalent among patients suffering from
various chronic conditions [5,6]. Such patients may suffer up
to a10-to-25-year reduction inlife expectancy [7,8]. Depression
isalso aleading cause of disability for Americans aged between
15 and 44 years [9]. The incremental economic burden of
depression covering medical, pharmaceutical, workplace, and
suicide-related costs in the United States was evaluated at US
$210.5 hillion in 2010, a 21.5% increase from 2005 [10].

Different types of depression pose different levels of risk.
Individuals who suffer from mild forms of depression may
recover without any assistance. Other less severe cases can be
effectively managed by primary care or family practitioners
[11-13]. However, other forms of depression arefar more severe
and require advanced care above and beyond that provided by
primary care or family practitioners [14,15]. |dentifying cases
of depression that require advanced care may be challenging to
primary care providers and health care team members whose
skill setsrun broad rather than deep. Training health care teams
to successfully identify patients with severe depression would
resolve the problem but is unfeasible given cogt, effort, and time
considerations [16,17]. Socia stigma and ignorance of health
issues also encourage depression sufferers to downplay their
condition, further increasing difficulty in detection and
assessment [18].

Many health care systems leverage screening tools such as the
Beck Depression Scale[19], the Patient Health Questionnaire-9
(PHQ-9) [20], PHQ-15 [21], the Cornell Scale for Depression
in Dementia[22], and the Hamilton Rating Scalefor Depression
[23] to evaluate depression severity. However, such tools are
not optimal asthey (1) tie up significant resources[24], (2) rely
heavily on potentially inaccurate patient-reported outcomesfor
decision making [25], and (3) utilize only a small subset of
clinical and behavioral data for decision making. In addition,
traditional depression screening approaches may increase risk
of overdiagnosis and overtreatment of depression across
community and primary care settings [26-28] without
contributing to better mental health [29]. Recent studies have
questioned the benefits of routine screening [30,31] as well as
the US Preventive Services Task Force recommendations to
screen adults for depression in primary care settings where
staff-assisted depression management programs are available
[29].

http://www.jmir.org/2019/7/e13809/

Given such limitations, it is more appropriate to develop
machine learning—based screening approaches capable of
leveraging more comprehensive patient datasets representing a
patient’s overall health statusto identify individual swho cannot
be treated at primary care alone and would suffer from
worsening health conditions unless they are provided with
specialized, high-intensity treatment for depression [14,15].
Machine learning enablesusto learn from multiple primary and
secondary care datasets that might be missed by a clinician
because of cognitive burden, and therefore, are a suitable
solution to this challenge.

Objectives

For purposes of thisresearch, we have defined individual swhose
quality of life and health status will degrade if they do not
receive specialized treatment above and beyond primary care
as patients in need of advanced care for depression.
Operationally, such patients would be identified by evaluating
clinical data to detect patients who had received referrals to a
certified mental health provider for specialized treatment for
depression, indicating that their illnesses cannot be treated at
primary care alone. In this study, we leveraged data obtained
from varied structured and unstructured datasets to build
decision models capable of identifying patients in need of
advanced care for depression.

Methods

Patient Population

We identified a population of 84,317 adult patients (=18 years
of age) with at least 1 primary carevisit between theyears 2011
and 2016 at Eskenazi Health, aleading health care provider in
Indianapolis, Indiana.

Patient Subset Selection

We sought to predict the need for advanced care for depression
across (1) the overall patient population and (2) different groups
of high-risk patient populations. We selected 3 high-risk patient
groups: group A: patients with a past diagnosis of depression,
group B: patients with a Charlson Comorbidity Index [32] of
=1, and group C: patients with a Charlson Comorbidity Index
of >2. Patientswith apast diagnosis of depression wereflagged
as a high-risk group as their illness may re-emerge or worsen
based on other health conditions. Patientswith Charlson indexes
>1 and =2 were selected because of the high prevalence of
depression among patients suffering from one or many chronic
illnesses [33] and its ahility to worsen health outcomes of
patients. Thresholds of =1 and =2 were selected because they
captured patient populations that were adequately large for
machinelearning processes, aswell asthe cost/effort of potential
implementation. We also identified a fourth group (Group D)
that comprised all unique patients identified in groups A to C.

We trained modelsfor different populations to capture as many
of the overall number of patients in need of advanced care for
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depression and to identify which patient groups were most
suitable for use in screening for need of advanced care.
Furthermore, focusing on a smaller population of high-risk
patients may be easier to operationalize and cost-efficient to
implement across chronic care clinics. Groups A to D were
identified by analyzing diagnostic data on each of the 84,317
unique patients (master patient list) for past diagnosis of
depression and to calculate Charlson Comorbidity Index for
each patient.

Data Preparation

In a previous effort, we devel oped a depression taxonomy [34]
using knowledge-based terminology extraction of the Unified
Medical Language System (UMLS) Metathesaurus [35]. The
taxonomy was developed by performing a literature search on
Ovid Medline to identify publications that discuss depression
and its treatment and then using Metamap [36], a Natural
L anguage Processing—based tool to map these abstracts against
the UMLS Metathesaurus, a large, multipurpose, multilingual
thesaurusthat containsmillions of biomedical and health-related
concepts, synonymous names, and their relationships across
199 medical dictionaries [37]. The most frequently occurring
UMLS concepts were compiled into a terminology using the
Web Ontology Language, a semantic Web language that is
widely used to represent ontologies. These features presented
a wide variety of diagnostic, demographic, and behavioral
featuresthat impacted the onset and severity of depression [34].

We obtained longitudinal health records on each patient from
the Indiana Network for Patient Care (INPC), astatewide health
information exchange [38,39]. Thus, our dataset included
records on each patient, including data that may have been
captured at any hospital system that participated in the INPC.
The dataset included a wide array of patient data, including
patient demographic, diagnostic, behavioral, and visit data
reported in both structured and unstructured form. All diagnostic
data were obtained in the form of structured International
Classification of Diseases, ninth revision (ICD-9) and ICD-10
codes. We assessed extracted data against the depression
terminology and used rel ationships presented withinthe UMLS
Metathesaurus to identify ICD codes for inclusion as features.
We tabulated vectors of features for each patient group under
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study. We predict current risk levels based on past patient data.
We did not assess the impact of temporality because of our
dataset representing a (1) relatively short time period and (2)
an older population with high chronic conditions that do not
change significantly over time. In the event that the patient
under study had received a referral for depression treatment,
the data vector only comprised medical datarecorded up to 24
hours before the aforesaid referral order. If no past referralsfor
depression treatment were present, then the vector comprised
all available data on the patient. A master data vector
encompassing all 84,317 patients was also created using the
same approach.

Preparation of Gold Standard

We applied regular expressionsto physician referralsto certified
mental health providersto identify referralswherethe physician
was recommending speciaized treatment for depression. We
determined that our use of regex patterns was 100% accurate
viamanual review.

Decision M odel Building

We split each of the 5 data vectors (4 patient subgroups and 1
master data vector) into random groups of 90% training data
and 10% test data. Each training dataset was used to train a
decision model using the random forest classification algorithm
[40]. The random forest algorithm was selected because of its
track record of successful use in decision modeling for health
care challenges [41,42] and its ability to develop interpretable
machine learning predictions [43]. We used Python
programming language (version 2.7.6) for all datapreprocessing
tasks and the Python scikit-learn package for decision model
development and testing [44].

Analysis

Each decision model was evaluated using the 10% holdout test
set. Results produced by each decision model were evaluated
using area under the curve (AUC) values, which measure
classifier accuracy. Youden J Index [45] was used to identify
optimal sensitivity and specificity for each decision model.

A flowchart representing our workflow from patient group
selection to decision model evaluation can be seenin Figure 1.
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Figurel. A flowchart representing our workflow from patient group sel ection to decision model evaluation. IHIE: IndianaHealth Information Exchange.
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Results

Evaluation of Patient Groups

We identified a total of 12,432 patients with a diagnosis of
depression (group A), 32,249 patients with a Charlson Index of
1 or greater (group B), and 7415 patients with a Charlson Index
of 2 or more(group C). Overall, these 3 groupsidentified atotal
of 37,560 unique patients (group D).

The master patient list aswell as each of the 4 high-risk patient
groups represented an adult, urban population: predominantly
female and with high disease burdens (Table 1). The populations
identified by their Charlson Indexes were older (mean age >50
years) than the population identified with depression (46.31
mean age). |n addition, popul ationsidentified based on Charlson
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Indexes were predominantly African American. In contrast, the
population with a past diagnosis of depression was
predominantly composed of non-Hispanic whites. As
anticipated, the prevalence of depression across a patient
population with a Charlson Index of 1 or greater (30.18%) and
a patient population with a Charlson Index of 2 or greater
(37.25%) was greater than across the master patient list (19%).

Figure 2 presents a Venn diagram presenting overlap acrossthe
high-risk patient groups identified for the study.

A total of 6992 (8.29%) of the 84,317 patients in the master
patient list werein need of advanced carefor depression. Group
A captured 3683 (52.68%) of these patients, group B captured
4016 (57.43%), and group C captured 1026 (14.67%). Overall,
all 3 patient groups were able to identify 5612 (80.26%) of all
patientsin need of advanced care for depression.
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Table 1. Characteristics of the master patient list/groups of high-risk patients used for decision model building.

Kasthurirathne et al

Characteristic of interest Master patient ~ Group A: patients ~ Group B: patients  Group C: patients  Group D: al unique
set: al patients  withapast diagnosis withaCharlson  withaCharlson  patientsin groups
(N=84,317) of depression Index of 21 Index of 22 A-C
Patient group size, n (%) _a 12,432 (14.74) 32,249 (38.25) 7415 (8.8) 37,560 (44.5)
Need of advanced care for depression, n (%) 6992 (8.29) 3683 (30.04) 4016 (12.94) 1026 (21.6) 5612 (80.26)
Demographics
Age (years), mean (SD) 43.88(15.60)  46.31 (14.74) 51.94 (14.55) 59.50 (12.33) 50.31 (14.93)
Male gender (%) 35.09 30.22 39.8 43.98 42.03
Race/ethnicity (%)
White (non-Hispanic) 25.21 44,62 33.38 37.02 35.31
African American (non-Hispanic) 37.23 32.01 42.78 47.26 40.12
Hispanic or Latino 19.47 11.12 10.60 4.94 7.38
Diagnoses
Depression (%) 19.07 100 30.18 37.25 3751
Charlson Index score, mean (SD) 0.77 (1.21) 0.22 (0.75) 1.89 (1.27) 3.85(1.14) 1.62 (1.35)
Hospitalizations, mean (SD)
EDP visits during current month 0.21 (1.03) 0.33 (1.49) 0.26 (1.15) 0.31(1.14) 0.27 (1.17)
ED visits before previous months 3.73 (14.40) 4.69 (18.73) 8.63(24.2) 10.71 (31.36) 8.03 (23.67)
3Not applicable.
beD: emergency department.
Figure 2. Overlap between the patient groups identified for the study.
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Feature Selection Using the Depression Ter minology

Comparison of patient data against the depression terminology
resulted in the identification of 1150 unique concepts for
inclusion in each decision model. A description of features
included in each of the decision models is presented in
Multimedia Appendix 1.

Decision Model Performance

The decision model predicting need of advanced care across
themaster population reported amoderate AUC score of 78.87%
(optimal  sensitivity=68.79%, optimal specificity=76.30%).
However, decision models to predict need of advanced care
across patients' groups A to D performed significantly better.
Group A (patientswith apast diagnosis of depression) reported
an AUC score of 87.29% (optimal sensitivity=77.84%, optimal
specificity=82.66%). Group B (patients with a Charlson Index
of =1) reported an AUC score of 91.78% (optimal
sensitivity=81.05%, optimal specificity=89.21%). Group C
(patients with a Charlson Index of = 2) reported an AUC score
of 9443% (optimal  sensitivity=83.91%,  optimal
specificity=92.18%), whereas Group D (list of unique patients
from groups A-C) reported an AUC score of 86.31% (Figure
3; optimal sensitivity=75.31%, optimal specificity=76.03%).
Precision-recall curves for each decision model are presented
in Multimedia Appendix 2.

The top 20 features for each decision model can be seen in
Multimedia Appendix 3. Multimedia Appendix 4 presents the
co-occurrence of these top 20 features across each decision
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model under study. In assessing the top ranked features selected
for each decision model, we found significant overlap among
the top features for each of the high-risk patient populations.
Furthermore, essential (primary) hypertension, depression,
gender, and number of outpatient visits appears in the top 20
feature lists for every patient population under test.

To demonstrate that the modelsdid not suffer from overtraining,
we added an additional evaluation step where we compared
model performance across smaller feature subset sizes. We
ranked all features for each decision model using information
gain aka. Kullback-Leibler divergence [46]. For each patient
subgroup, we used the ranked feature lists to build multiple
decision models starting with a decision model trained using
only the 5 top ranking features, iteratively adding on the next
most important feature, retraining the model and evaluating
performance using F1 core. We continued this process until we
had trained n-5 models using al n features in the feature set.
As an example, for patient group A, we began by building a
decision model consisting of 5 patient-centric features and
ng its performance using F1 score. Afterwards, we added
inthe 6th most important feature and retrained a decision model
consisting of these 6 features. We continued building models
and evaluating F1 scores until we had included all featuresfrom
each dataset. Theresults of thisexercise (Multimedia Appendix
5) demonstrated that model performance plateaued after thetop
10 to 20 features and that inclusion of further features did not
improve model performance. Thisdemonstrates that the models
were not overfit and that they reached optimal performance
after arelatively small number of features.
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Figure 3. Receiver operating characteristic curves produced by decision models predicting need of advanced care across each patient group under

study. AUC: area under the curve.

1.0

0.9

0.8

0.7

0.6

True Positive Rate

0.4

0.3

0.2

0.1

0.0

I I ] I I
0.0 0.1 0.2 0.3 0.4

il

= Group A: AUC =87.29%
m— Group B: AUC =91.78%
Group C: AUC=94.43%
= Group D: AUC=86.31%
Master patient set: AUC=78.87%

I | | I I |
0.5 0.6 0.7 0.8 0.9 1.0

False Positive Rate

Discussion

Principal Findings

The decision model to predict need of advanced care for
depression across the overall patient population achieved an
AUC score of 78.87%. In comparison, decision models that
predicted need of advanced care across 4 high-risk patient
groups performed better, with AUC scores ranging from 86.31
to 94.43%. In addition, optimal sensitivity and specificity for
each decision model was significantly high and demonstrated
the models’ potential for practical implementation.

We attribute the comparatively lower performance of the
decision model developed using the overall population to the
unbalanced nature of the gold standard [47] caused by the
relatively low prevalence (8.29%) of patients in need of
advanced care and the sparsity of data available for some of the
patientsintheoverall patient population. The high performance
of the decision model s built using high-risk patient groups could
be attributed to the higher prevalence of patients in need of
advanced care. Although various publications have presented
approachesto address dataimbal ance[48,49], we did not pursue
such as approach as we wished to focus on demonstrating
methods that could be replicated across other datasets that may
or may nhot be imbalanced.

http://www.jmir.org/2019/7/e13809/

RenderX

In assessing prediction performance, group C (patients with a
Charlson Index =2) yielded the highest AUC score (97.43%).
Groups A (patients with a diagnosis of depression) and B
(patientswith a Charlson Index =1) reported lesser AUC scores.
Group C captured the least number of patients in need of
advanced care in comparison with groups A and B. However,
it is noteworthy that none of the decision models developed
using high-risk populations could capture al patients in need
of advanced care. Overadl, all 3 models could capture only
80.26% of all patientsin need of advanced care. The remainder
(19.74%) of the patientsin need of advanced care did not qualify
for any of the three high-risk patient populations. We
hypothesize that a share of the missing 19.74% patients would
have fallen into 1 of the 3 high-risk patient groups had more
comprehensive data been available, and thus, been eligible for
detection.

We present a novel application of machine learning to address
a question of significant clinical relevance. We demonstrated
the ability to predict the need of advanced care for depression
across various patient popul ations with considerable predictive
performance. These efforts can easily beintegrated into existing
hospital workflows [42]. As wraparound services are not
delivered by primary care providers[50], the ability to identify
and refer patientsin need of such servicesisextremely important
[51]. Our efforts yield a highly accurate, automated approach
for identifying patients in need of wraparound services for
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mental health, which is of growing importance to health care
organizations and incentivized by changing reimbursement
policies. By predicting the need for advanced care across various
high-risk populations, we offer potential implementersthe option
of selecting the best screening approach that meetstheir needs.
Our approach is also well suited to leverage increasing health
information technology adoption and interoperability of health
care datasets for community-wide health transformations
[52,53]. Inthefield of population health informatics, it enables
organizations to leverage widespread acceptance and use of
machine learning for cross organizational collaboration and
management of various datasets[53] while giving implementers
the freedom to select methods best suited for each hospital
system. Furthermore, such applications of predictive modeling
could support organization-level population hedlth initiatives
asrisk stratification isfundamental to identifying those patients
who are most in need of services to improve health and
well-being. In addition, implementing such solutions at primary
care ensure that facilitating the entry of al patients into the
health care system is more efficient than stand-alone
implementations at each chronic care clinic. Thus, our approach
presentsthe ability to effectively identify need of advanced care
for depression without risk of overdiagnosis and overtreatment
and without the use of manual screening mechanisms.

There is limited knowledge on the best approach to integrate
machine learning approaches into existing clinical workflows.
As highlighted above, primary care facilities are the point of
entry by which amajority of patients suffering from depression
seek care [54,55]. However, application of machine learning
solutions to screen every primary care visit may be
cost-intensive and inefficient for certain clinical practices. Thus,
alternate models to evaluate a subset of high-risk patients in
need of advanced care for depression would be useful. The 2
potential high-risk patient populations are (1) patients already
diagnosed with depression and (2) patients with chronic
conditions, who are thus, are at higher risk of suffering from
depression [56]. Models built using these subsets may be more
practical and result in better machinelearning performancethan
models built using al primary care patients because of
variability of underlying dataand higher prevalence of outcome
of interest, which enables better model training.

We identified several limitations in our study approach. We
adopted a binary (present/absent) flag for each feature used to
train decision models. We hypothesize that switching to
tabulated counts for each feature will increase the granularity
of the feature vector, thereby increasing model performance.
The patient group used in our study was obtained from the
Eskenazi Health system, a safety-net popul ation with significant
health burdens. Thus, our models may not generalize to other
commercialy insured or broader populations. Our diagnostic
data were limited to ICD codes. Integrating medications,
laboratory, and clinical procedure data may further improve
decision model performance. Furthermore, studies present that
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social determinants of health such aslow-educational attainment,
poverty, unemployment, and social isolation may have a
significant impact on depression and the need for treatment
[57,58]. We propose to expand our models using social
determinants of health to assesstheir impact on decision model
performance.

We acknowledge that incompleteness of EMR data [59] may
impact model performance. Use of claims data may have
enabled us to identify a greater number of patientsin need of
specified treatment into each of our patient subgroups [60].
Furthermore, our outcome of interest are patients in need of
advanced care, as identified by primary care providers. Thus,
we were unable to account for patients who received advanced
care for depression without a past referral. Such patients could
have been identified from claims data and used to augment our
gold standard.

We selected the random forest classification algorithm for
decision-model building based on the need to develop high
performance modelsthat were easily interpretableto our clinical
audience [42,43]. Other, more advanced decision-modeling
approaches such as neural networks [61] have shown potential
to improve machine learning performance across various health
care challenges. However, neural networks are more complex,
cost-intensive, and difficult to interpret [62], making it harder
to gain provider acceptance of such models. In addition, it is
unclear if they can contribute to our study given the significant
performance measures already achieved using random forest
models. We recommend that neural networks be considered in
a scenario where the sequence or temporality of clinical events
is being evaluated, or where the performance of random forest
models is unsatisfactory.

In conclusion, these results present considerable potential to
enable preventative care and can be potentially integrated into
existing clinical workflows to improve access to wraparound
health care services.

Conclusions

Our efforts demonstrate the ability to identify patientsin need
of advanced care for depression across (1) an overall patient
population and (2) various groups of high-risk patients using a
wide range of acute and chronic conditions, patient
demographics, behaviors, and past visit history. Although all
models yielded significant performance accuracy, models
focused on high-risk patient popul ationsyiel ded comparatively
better results. Furthermore, our methods present a replicable
approach for implementers to adopt based on their own needs
and priorities. However, decision model performance may differ
based on the availability of patient data at each health care
system. These results show considerable potential to enable
preventative care and can be easily integrated into existing
clinical workflowsto improve accessto wraparound health care
services.
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Abstract

Background: Hookah tobacco smoking (HTS) isaparticularly important issue for public health professionals to address owing
to its prevalence and deleterious health effects. Social media sites can be a valuable tool for public health officials to conduct
informational health campaigns. Current social media platforms provide researchers with opportunities to better identify and
target specific audiences and even individual s. However, we are not aware of systematic research attempting to identify audiences
with mixed or ambivalent views toward HTS.

Objective: The objective of this study was to (1) confirm previous research showing positively skewed HTS sentiment on
Twitter using alarger dataset by leveraging machine learning techniques and (2) systematically identify individuals who exhibit
mixed opinions about HTS via the Twitter platform and therefore represent key audiences for intervention.

Methods: We prospectively collected tweetsrelated to HTS from January to June 2016. We double-coded sentiment for a subset
of approximately 5000 randomly sampled tweets for sentiment toward HTS and used these data to train a machine learning
classifier to assess the remaining approximately 556,000 HTS-related Twitter posts. Natural language processing software was
used to extract linguistic features (ie, language-based covariates). The datawere processed by machinelearning toolsand algorithms
using R. Finally, we used the results to identify individuals who, because they had consistently posted both positive and negative
content, might be ambivalent toward HTS and represent an ideal audience for intervention.

Results: There were 561,960 HT S-related tweets: 373,911 were classified as positive and 183,139 were classified as negative.
A set of 12,861 users met apriori criteriaindicating that they posted both positive and negative tweets about HTS.

Conclusions. Sentiment analysis can allow researchersto i dentify audience segments on social mediathat demonstrate ambiguity
toward key public health issues, such asHTS, and therefore represent ideal populationsfor intervention. Using large social media
datasets can help public health officials to preemptively identify specific audience segments that would be most receptive to
targeted campaigns.

(J Med Internet Res 2019;21(7):€12443) doi:10.2196/12443
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Introduction

Hookah tobacco smoking (HTS)—al so called waterpipe, shisha,
or narghile—hasincreased substantially in popularity [1]. HTS
iscommon among college students, with ever-use ratesranging
from 30% to 46% [2,3]. It has been associated with multiple
health conditions including cancer, cardiovascular disease,
decreased pulmonary function, and nicotine dependence [4-6].
Owing to its high prevalence and deleterious health effects,
HTS is a particularly important issue for public health
professional s to address.

Social media sites can be a valuable tool for public health
officials to conduct informational health campaigns. This
process can be informed by machine learning approaches that
areableto conduct topic classification [7] or sentiment analysis
[8] in very large datasets. For example, researchers have also
found alarge amount of posted content on Twitter that describes
HTS as positive [9] and normalizes the activity [10]. Thisis
concerning because social media exposure to tobacco products
is known to influence attitudes and future smoking behavior
[11,12]. Inresponse, public health departments have leveraged
social media sites to conduct informational campaigns around
HTS, including the Center for Disease Control and Prevention’s
Tips from Former Smokers[13,14] and ShishAware [15].

Although programs such asthese tend to use broad approaches,
it may be more advantageous to tailor HT S-related educational
messages to targeted groups or individuals [16]. Current social
media platforms provide researchers with opportunitiesto better
identify and target specific audiences and even individuals.
However, we are not aware of systematic research attempting
to identify audiences with mixed or ambivalent views toward
HTS.

Therefore, this study is designed to accomplish 2 aims: (1)
confirm previous research in HTS sentiment on Twitter [9,10]
using alarger dataset by leveraging machinelearning techniques
and (2) systematically identify individuals who exhibit mixed
opinions toward HTS via the Twitter platform. The latter
procedure can provide actionable datafor public health officials
in developing educational campaigns for wide and efficient
dissemination.

Methods

Data

Twitter isamicroblog platform on which users post tweets that
are shared either publicly or to their private network of
followers. We collected 561,960 HTS-related tweets over 6
months, from January 1 to June 30, 2016. The search terms used
were hookah, hookahs, hooka, shisha, sheesha, and narghile.
We do not suggest that these 6 terms represent all possible HTS
posted content; however, they follow previousresearch protocols
[17] and allowed for collection of alarge dataset of HT S tweets
for our purpose. Datawere collected by establishing connections
to Twitter's application programming interface, which permits
external software to request data. All data collected were
publicly available, that is, anyone with an internet connection
was able to view the tweet at the time it was collected. Data

http://www.jmir.org/2019/7/e12443/

Chuet a

included full text of the tweet content (maximum of 140
characters) as well as the identifier (ID) of the originating
Twitter user to track individual users’ tweets over time. Tweet
content was aobtained in plain text format and reformatted by
replacing emoji (images and symbols embedded within text)
with human-readabl e counterparts (eg, aheart symbol becomes
[heart emgji]) [17]. We also replaced specific hyperlinks and
usernames with generic placeholders (eg, [URL];
@[USERNAME]). User IDswerethen recoded to de-identified
numeric IDs (eg, User 1). This study has been reviewed and
approved by the Institutional Review Board at the authors
university.

Procedures

We applied machine learning algorithms to conduct sentiment
analysison HTS content posted to Twitter. Supervised machine
learning alows for arelatively small amount of human-coded
data to train computerized algorithms that can automatically
categorize additional data on a scale that would not be feasible
otherwise. We conducted the sentiment analysis in 2 phases.
First, a set of approximately 5000 tweets were randomly
sampled and categorized as being positive, negative, or both,
and if it was commercial by 2 trained coders with experience
in categorizing tobacco-related data on Twitter [17]. Inter-rater
reliability measures for the human coders were al substantial
or better [18], with Cohen kappa=.78 for positive/not positive
and kappa=.75 for negative/not negative, and kappa=.82 for
commercial. The coded tweets were subsequently used as
training data for a classifier that automatically coded the
sentiment in the remaining approximately 556,000 HTS-related
Twitter posts. Natural language processing software RWeka
and tm were used to extract linguistic features (ie,
language-based covariates). The datawere processed by machine
learning toolsin RTextTools.

In the second phase, human coders—informed by the previous
classifications—identified Twitter accountsthat had posted both
positive and negative sentiment tweets about HTS, signaling a
potential group of users with mixed or ambivalent views.

M easures

Each tweet in the training dataset was given 3 categorical codes
by 2 coders: (1) positive or not positive, (2) negative or not
negative, and (3) commercia or not commercial. Commercial
content was defined as anything promoting the sale of a
particular hookah product, establishment, or related service (eg,
a hookah bar promoting happy hour specials). These tweets
wereidentified based on textual content rather than by the type
of Twitter user posting the content (eg, a hookah bar could also
post nhoncommercial content in other contexts; an individual
user could promote a hookah bar). This allowed for us to
maintai n tweet content asthe primary unit of sentiment analysis,
rather than including user-level metadata (eg, establishment
name or profile image) that our text-based machine learning
classifier would be unable to judge. Sentiment (ie, positive and
negative) was defined as positive/negative toward HTS rather
than an overall positive or negative expression. This provided
an advantage for supervised machinelearning, asit allowed the
classifier to be content specific, rather than depend on general
sentiment terms. As previous research found that HTS-related
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content skewed positive [9,10], positive tweets were
undersampled in the final training data to match the number of
coded negative tweets.

Analysis

To reduce the complexity of machine learning classifications,
commercial tweetswereincluded aspositive or pro-HTS. After
the machine learning completed classification of the
approximately 556,000 tweets, 1000 tweets were randomly
sampled to calculate 3 performance metrics. (1) precision,
calculated as true positives divided by total instances labeled
as positive; (2) recall, identical to sensitivity, calculated astrue
positives divided by total positive instances; and (3) F-score, a
weighted average of precision and recall.

Finally, a qualitative analysis of Twitter users who had posted
both positive and negative content was conducted. For this
content search, tweets were grouped by user; based on an
exploratory view by 2 authors of tweets in other topics (ie,
beyond hookah-related posts), we decided that those with more
than 5 times as many positive as negative posts, and vice versa,
would not likely have truly mixed or ambivalent opinions and
were removed from consideration. Coders were then tasked to
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identify potential users who had posted both positive and
negative sentiment tweets.

Results

Table 1 providesthe results of thefull classifications, including
summaries of precision and recall. Figure 1 showsthe sentiment
of HTS tweets over a 6-month period. Daily sentiment scores
were calculated by subtracting the number of negative tweets
from the number of positive tweets. These ranged from -1116
to 6239, with amean of 1042 (SD 749).

Therewere 6 spikes during the 6-month period, defined as days
where sentiment increased or decreased by morethan 2 standard
deviations. These are labeled A-F in Figure 1. The 4 positive
spikes were as follows: (1) on January 4, a popular song about
HTS (A); (2) on January 18, discussion of an HTS lounge (B);
(3) on January 20, description of aconcealable HTSdevice (C);
and (4) on January 25, same as point 3 (D). The 2 negative
instances were as follows: (1) on January 13, a report on the
high levels of tar when using HTS (E) and (2) on April 1, an
athlete was caught smoking from a hookah (F).

Table 1. Results of machine learning classifier with precision/recall metrics (January-June 2016).

Sentiment

Classified (N=561,960), n (%) Precision

Recall F-score

Positive 373,911 (66.53)

183,139 (32.59)

0.92

Negative 0.59

0.81 0.86

0.79 0.67

Figure 1. Sentiment of hookah tobacco smoking tweets over a 6-month period.
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A total of 291,602 users posted HT'S content over the period of
the study, ranging from 1 to 6501 tweets each, with a median
of 1. To identify users considered having ambivalent or mixed
opinions about HTS, the criterion was defined as someone who
had posted at |east one positive and one negative tweet over the
observed period. When we removed users that posted content
with either positive or negative sentiment at aratio greater than
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5:1, 4.41% of users(12,861/291,602) remained. Of these users,
we randomly sampled 1.00% of users (129/12,861) and sel ected
al of their tweets to be qualitatively examined by 2 coders.
Therewere 37 (29%) users classified as having clear ambivalent
or mixed opinions about HTS. Examples of these usersand their
tweets are displayed in Table 2.

Table 2. A sample of 10 users (out of 37) who posted both positive and negative tweets about hookah tobacco smoking on Twitter between January

and June 2016.
User Tweet
1 *  Wednesday about to be lit Imao | need a hookah man?
« | don't want hookah no more dawg Imao
2 *  Lifefeels so good when you are smoking hookah.. [blushing emoji]?
« SOI TRIED VAPING TODAY, ON 108Hz.. HAHAHA fucking hard but such thick clouds, vaping is the best! gotta quit shisha
and start vaping now!
3 e @[USERNAME] stop smokin hookah then
*  Thehookah spot was rockin wit bitches feenin for cancer smh?
4 *  I'msmoking hookah in front of my building right now [URL]?
« My god isto not DJ any spots with Hookah this summer
5 *  Almost al my male friends love hookah smh?
«  Trying to put plans together for Chandra's birthday and | have to make sure hookah isinvolved [weary emoji]
6 *  Many'al be paying 20 dollars at hookah spots to stare at each other [sobbing emoji]?
« | only smoke shisha once in awhile tbh Imao and wth we got jobs and school [URL]
7 «  Shewas sent from the heavens... She don't smoke hookah or know about lemonade. #Skinny
* | gottafind away to make crab flavored hookah tobacco. #Skinny?
8 «  FAM be proud of me | havent smoked hookah ALL year -@[USERNAME]
* My ramadan nights bouta consist of me sitting on the porch till 5am skyping and smoking hookah.?
9 o | wish hookah never existed [URL]
*  There's no hookah so why go [URL]?
10 *  I've done hookah less than 5 times?
«  whenever | smoke hookah | wannathrow up
8pgsitive tweets.
: : to public opinions of rea-world events related to HTS.
Discussion P P

Principal Findings

This study combined several lines of research to integrate
machinelearning and online social mediato inform public health
research. We completed a 6-month sentiment analysis of HTS
posts on Twitter and found that a majority (67%) of content
posted about HTS were positive. This confirmed previous
studiesof HTS sentiment on Twitter with smaller datasets[9,10].
The 6 spikes in Figure 1 offered insight into how surveillance
of HTS sentiment over time might be informative to public
health departments. First, the identification of a positive spike
following a newly released song referencing hookahs and the
negative spike after a report of an athlete using a hookah
demonstrated a capabl e process of having instantaneous access

http://www.jmir.org/2019/7/e12443/

Immediate responses could be devel oped to address or leverage
these situations, depending on the sentiment of the message.
Second, reports of new HTS devices or technologies can aso
be quickly identified and allow for fast countermeasures to be
taken as needed. Third, although the discussion of an HTS
lounge also caused a positive spike, it was most likely to spread
through use of automated bots or nonhuman accounts. Previous
literature has found a significant number of Twitter accounts
that discuss electronic cigarettes (e-cigarettes)—especialy for
advertisements—stemming from automated accounts[19]; itis
possible asimilarly high percentage are used for HTS as well.
Additional research is needed to determine the prevalence of
automated accounts that discuss HTS, as well as what effect
this might have on the messages that are being spread.
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Extending beyond a descriptive analysis of Twitter sentiment
for surveillance, the second phase successfully identified users
posting mixed or ambivalent sentiment tweets about HTS. The
realization of our strategy was substantiated by 2 coders’ ability
to detect several clear examples of posted tweets about HTS
that differed in sentiment. We limited our discussion to 10 users
for the sake of brevity, although more were discovered. These
examples (Table 2) included people who had only tried HTS a
limited number of times (users 6 and 10), people against HTS
but who go to HTS lounges (user 3), people with lots of friends
who use hookah (user 5), people trying to avoid or quit HTS
(users 1, 2, 4, and 8), and people who recognize the potential
negative side effects of HTS but still support or useit (users 7
and 9). These Twitter users could be an ideal audience for any
public health campaign that is focused on HTS prevention or
cessation. As the examples demonstrated, there was no clear
pattern of vocabulary, topic, or other semantic featuresthat were
obviousinthe data; instead, it was only by applying our method
of aggregating tweets by users and then searching for
mixed-sentiment content—from a dataset of approximately
561,000 posts—that we were abletoidentify these Twitter users.
The ability to capture all of these users established the strength
of the technique, as finding these users could not be easily
accomplished manually.

Concerns exist when using machine learning to analyze topics
with skewed data distributions; imbalanced data can reduce a
machine learning algorithm’s capacity to properly classify data
that are disproportionately small, also called a minority class.
Thisis dueto conventional algorithms being biased toward the
majority class in an effort to optimize error rates [20]. For
example, if a dataset of 100 tweets contained 90 positives and
10 negatives, aclassifier that correctly labeled 83 positive tweets
and 6 negative tweets would have an 89% accuracy; however,
another classifier that labeled every tweet as positive would
seem to score a better 90%, even though it was unabl e to detect
any negative content. As previous research has shown that
HTS-related content on social media tended to strongly be
skewed positive, we chose a strategy to undersample positive
tweets [21], trading decreased sensitivity for increased
specificity with regard to the minority class. Similar resultsto
previous studies combined with a reasonably high negative
recall (Table 1) suggest that our approach was successful.

Limitations

Limitations of our study include only using publicly available
data from Twitter; inclusion of private Twitter content might
lead to different results. Twitter user demographics can also
limit the generalizability of these data. There is a possibility
that a small percentage of HTS-related tweets are actualy
discussing using a hookah to smoke marijuana, although none
werefound in the sampl e that was human-coded. Aswe focused
on linguistic features of the text, other media sources such as
images or videos were not analyzed; expanding beyond
linguistic features might also help improve the lower negative
post precision. In addition, our strategy in choosing supervised
machinelearning restrictstheresultsto HTS; aclassifier would
need to be retrained with content-specific data for other uses.
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Comparison With Previous Work

In recent years, public health officials have developed Twitter
campaigns addressing tobacco products such as e-cigarettes.
However, these campaigns can be hijacked by opposing
organizations and result in countercampaigns. For example, the
Chicago Department of Public Health released a series of
messages about e-cigarettes aweek before a scheduled vote on
local regulation by the city council. Unfortunately, hundreds of
tweets responded with opposing claims such as the health
department was lying or disseminating propaganda [22]. In a
similar fashion, the California Department o