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Abstract

COVID-19 is currently the third leading cause of death in the United States, and unvaccinated people continue to die in high
numbers. Vaccine hesitancy and vaccine refusal are fueled by COVID-19 misinformation and disinformation on social media
platforms. This online COVID-19 infodemic has deadly consequences. In this editorial, the authors examine the roles that social
media companies play in the COVID-19 infodemic and their obligations to end it. They describe how fake news about the virus
devel oped on socia mediaand acknowledge the initially muted response by the scientific community to counteract misinformation.
The authors then challenge social media companies to better mitigate the COVID-19 infodemic, describing legal and ethical
imperatives to do so. They close with recommendations for better partnerships with community influencers and implementation
scientists, and they provide the next steps for al readers to consider. This guest editorial accompanies the Journal of Medical
Internet Research special theme issue, “ Social Media, Ethics, and COVID-19 Misinformation.”

(J Med I nternet Res 2022;24(2):€35552) doi:10.2196/35552
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frontline care providers. Why? Although we initially focused

The COVID-19 Infodemic

The COVID-19 pandemic continuesto have asubstantial impact
worldwide, with over 266 million diagnosed cases and over 5
million deaths[1]. In 2021, depending on the month, COVID-19
was either the first, second, or third leading cause of death in
the United States, alongside heart disease and cancer [2]. People
are till dying from COVID-19 despite a vaccine surplus in
wealthy countries, public health interventions to curb vira
transmission, new therapeutic options, and the heroic efforts of

https://www.jmir.org/2022/2/€35552

RenderX

on a deadly and contagious virus, we were simultaneously
overwhelmed by the deadly and contagious impact of online
misinformation and disinformation about that virus [3]. Much
like the COVID-19 pandemic itself, we face a widespread
disease with long-term consequences: the COVID-19 infodemic.

The World Health Organization defines an infodemic as “too
much information or false and misleading information” that
“causes confusion, risk taking behaviors...and mistrust of health

JMed Internet Res 2022 | vol. 24 | iss. 2 [e35552 | p.8
(page number not for citation purposes)


mailto:mgisondi@stanford.edu
http://dx.doi.org/10.2196/35552
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

officials’ [4]. The United Nations Educational, Scientific, and
Cultural Organization considers fake news a general term for
false information that can be further defined by intentionality
[5]. Misinformation consists of “information that is false but
not created with the intention of causing harm,” whereas
disinformation is “information that is false and deliberately
created to harm aperson, social group, organisation, or country”
often orchestrated with financial or political motives [5]. Both
are prevalent across al social media platforms [6]. Together,
these serve to undermine trust in governmental interventions,
public health responses, expert guidance, and scientific facts
about COVID-19[7,8]. Accordingly, we define the COVID-19
infodemic as the overwhelming amount of complex and often
contradictory information available about COVID-19, inclusive
of substantial fake news about the origins of the virus, treatment
options unsupported by rigorous clinical data, and baseless
claims regarding adverse effects of lifesaving vaccines; these
false narratives may be spread by authoritative institutions or
influencers who are otherwise thought to be trustworthy, and
they play a substantial role in shaping views and influencing
human behaviors that can lead to poor health outcomes.

The clinical impact of the COVID-19 infodemic is profound.
Effective strategies such as masking and social distancing have
been undermined to the detriment of those at greatest risk. With
several effective vaccines now available for SARS-CoV-2,
vaccine hesitancy and vaccine refusal—two distinct problems
with different causes and different solutions—have become
major issues. Vaccine hesitancy is prolonged deliberation or
delay in accepting vaccination, even when supply isample; this
differs from vaccine refusal, which is defined by the specific
intent not to vaccinate, similar to the “anti-vax” movement
adherents, in which people refuse all vaccines including
childhood vaccinations. Both vaccine hesitancy and refusal are
fueled by misinformation on social media, and vaccine
misinformation that initially manifests offline can quickly spread
to social media platforms; the misinformation exchange is
bidirectional [9]. In fact, the US Surgeon General warned in
2021 that misinformation is the greatest threat to COVID-19
vaccination efforts [10]. COVID-19 misinformation and
disinformation on social media increases vaccine hesitancy,
lowers vaccination rates, and causes preventable deaths,
especially among certain demographic populations[11,12]. The
COVID-19 infodemic remains deadly, and we must act.

To address this, the Stanford University Ethics, Society, and
Technology Hub and the Stanford Department of Emergency

Gisondi et al

Medicine cosponsored INFODEMIC: A Stanford Conference
on Social Mediaand COVID-19 Misinformation. INFODEMIC
convened experts from the fields of social media, medicine,
public health, and biomedical ethics with a goal of identifying
new best practicesto combat COV I D-19 misinformation online
[13]. The corresponding Journal of Medical Information
Research theme issue, “Social Media, Ethics, and COVID-19
Misinformation” builds upon this work to discuss the impact
of thisinfodemic and approachesto ending it. In this editorial,
wewill examinetherole of socia mediacompanies (executives,
financiers, leaders, and users) in health misinformation and their
obligations to mitigate the COVI1D-19 infodemic.

The Role of Social Media

Recognition of social media’s power to propagate fake health
news came well before COVID-19, notably surrounding topics
such as tobacco use, vaping, and recreational drug use [6].
However, 2020 was the year of online disinformation, with
political and scientific misinformation and disinformation often
reinforcing one another [14]. Socia media companies and
platform users both played a substantial role in the birth of the
COVID-19 infodemic that year. The internet propagates
knowledge rapidly and globally, typically without checks for
accuracy, and facilitates the current infodemic. Social media
companies attempt to self-police erroneous content on their
platforms with variable success, both due to the overwhelming
amount of COVID-19 information they must process and their
reluctanceto censor their users posts. Information filters swiftly
through various avenues on the internet, often accessed via
search engines and social media agorithms. Google is the
dominant search engine with over 3.5 billion global searches
each day, allowing individuals to retrieve information from a
wide array of sources [15]. Although it may appear that users
pull information, search engines prioritize certain results, in
effect pushing relevant information to the user [16]. Social
media algorithms push selected content to billions of users as
well (Table 1) [17]. The proprietary algorithms used by social
media companies are routinely exploited to spread COVID-19
misinformation and disinformation, with certain content
repeatedly presented to users who have specific profiling
characteristics or search histories. These algorithms could be
better optimized to reduce the online trafficking of harmful
information that risks the public health.

Table 1. Approximate numbers of monthly users of several social media platforms.

Socia media platform (company, location)

Approximate number of users

Facebook (Meta Platforms, Inc; Menlo Park, California)
YouTube (Google LLC; San Bruno, California)
WhatsApp (Meta Platforms, Inc; Menlo Park, California)
Instagram (Meta Platforms, Inc; Menlo Park, California)

Twitter (Twitter; San Francisco, California)

3hbillion
2.3 billion
2 billion
1.4 billion
400 million

In addition to social networking, an increasing number of users
consume news on social media platforms compared with
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traditional media outlets [18]. Individuals engage in social
circles and networks on these platforms virtually, and they do
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not leave—their beliefs are reinforced by information chosen
for them and otherslike them by computer algorithms. Without
intervention, there is exposure to new content but little to no
exposureto new knowledge or ways of thinking. The algorithms
used by social media companies create news echo chambers
that can serve asavector for misinformation by amplifying low
credibility information sources. During the early COVID-19
pandemic, low credibility sources dominated both Twitter and
Facebook postsrelated to COVID-19, topping traditional news
and media outlets [19]. Online bots further confuse users and
reduce their ability to discern truth from fake news. Bots are
computer codes designed to appear as user profiles or credible
news sources but areinstead weaponsfor disinformation. Social
media companies struggle to identify and remove bots that use
even the simplest artificial intelligence, which take advantage
of platform data and social media push algorithms. Thus, it is
unsurprising that social media platforms fuel hoaxes and
misinformation about the etiology and origins of COVID-19,
its treatment, and its prevention through vaccines [19]. Social
mediacompanies could invest greater resourcesto combat these
agents of the infodemic.

Moreover, health misinformationisnot confined to COVID-19.
In a2021 systematic review, the greatest prevalence of health
misinformation was found on Twitter and related to smoking,
drugs, and vaccines[6]. Who isto blame? Many fingers can be
pointed, and social media companies are among the culpable.
Top-down misinformation from celebrities and other public
figures that are alowed on these platforms exacerbates the
problem. Celebrities account for 20% of online misinformation
and 70% of the attention of platform users, compared to
noncel ebrity posts [19]. Social media companies benefit from
increased user activity, and celebrity influencers are engaging.
These attention-grabbing individuals enjoy unfettered reach to
users because social media companies rarely place limits on
their messaging, even when that messaging includes erroneous
facts about COVID-19. The blurred lines between factual news
and entertainment and falsehoods about COVID-19 could be
labeled for users by social media companies through better
oversight of their platforms.

An Obligation to Act

US-based social media companies are legally regulated by the
US Federal Trade Commission in the same ways that any other
US-based businesses are regulated. However, they are not
subject to federal social media regulations of any kind—because
there are none [20]. Socia media platforms are private
companies who set their own internal regulatory policies and
are not subject to oversight by the US Federal Communications
Commission (FCC) nor, specifically, Section 230 of the
Communications Act of 1934 [21]. Subsection (c) (1) of the
Act maintains that social media companies do not act as
publishers of information, as do other media entities, absolving
them of an obligation to monitor user-generated content on their
platforms. There are no legal mandatesto the manner or methods
by which they self-govern, and any actions by these companies
are smply made in good faith. However, they do maintain
internal policies, some of which are intended to curb
dissemination of different types of information that are harmful
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to the public welfare, ranging from COVID-19 misinformation
to communications among terrorist organizations. These Good
Samaritan policies determine what constitutes an acceptable
use of their platforms and draw aline limiting certain types of
social expression [22].

That said, social media companies are mostly unregulated, and
some claim they should remain so, rather than be subject to
FCC oversight as are television and radio companies. Current
actions by these companies are voluntary, not compulsory, and
often in response to external pressures. However, if companies
do not meaningfully address misinformation and disinformation
ontheir platforms, government oversight should be considered.
Internal policies are an important first step, yet we continue to
see blatantly false information that contradicts scientific
evidence regularly posted across most social media platforms
[3]. For example, a content analysis study that evaluated 1225
fake news stories found that socia media platforms were
responsible for disseminating half (50.5%) of the identifiable
misinformation [3]. Socia media companies are partly
responsiblefor fueling the COVID-19infodemic, and we believe
that ongoing inaction or inadequate action to address it keeps
them complicit. Given the stakes, failure to address health
misinformation and disinformation should be viewed asapublic
health crisis, and the commensurate response should include
government oversight of social media companies (similar to
other media sources) in the name of the public good.

Beyond law and public policy, there are other interventions to
consider. We maintain that there is an ethica obligation for
socia mediacompaniesto act. Bioethicists recognize the broader
public health conseguences of social media use and how bias
is determined by the specific design and implementation of
social media platforms [23]. Ethical frameworks guide moral
decision-making and action/inaction, two of which are especialy
relevant for social mediacompanies[24]. Firgt, utilitarian ethics
callsfor decisionsthat positively affect the greatest number of
people. Thisisalso abedrock of public health. The application
of utilitarian ethics suggests that companies should make
socially conscious decisions, even when inconvenient [25]. For
exampl e, social mediacompanies can and should redesign their
algorithms that have propagated the infodemic, even if such
changes risk ad revenue and profits. Similarly, censorship of
celebrity users who disseminate misinformation might decrease
user engagement and activity with a platform, but these actions
are needed to address the infodemic. Second, virtue ethics is
reasoning based on the virtues of what makes a good person,
or in this case agood company. Kaptein [26] defined corporate
virtue ethics that include clarity, transparency, and
sanctionability, among others. A good social media company
that earnestly engages in self-regulation would exhibit many
other virtues including honesty, courage, self-control, and
integrity. When considering corporate virtues, and what makes
agood social mediacompany, it isworth noting corporate vices
in the absence of good: deficiency, ambiguity, subversiveness,
and opagueness[26]. These vices are commonly associated with
the current practices of social media companies, specifically
when considering their algorithms that repeatedly drive
dangerous content to users. These algorithms reinforce
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COVID-19 misinformation for some users and cloister them
from reports on legitimate scientific evidence.

It does not have to be thisway. There is hope for “good social
media companies,” ones which take bold actions in the face of
aglobal pandemic, and perhaps at their own expense. We think
that social media companies could become allies after all,
especidly as their power to enact social change is
unprecedented. Indeed, many companies are working to mitigate
misinformation already. For instance, Twitter, Facebook, and
Google Search remove content, add warning labels, and
deactivate misleading accounts that promote disinformation.
However, these companies must navigate the substantial influx
of constantly changing information about COVID-19, struggling
to discern between deceptive content, scientifically inaccurate
alternative facts, and even genuine scientific disagreement [27].
That struggle deserves consideration. For example, aclaim that
SARS-CoV-2 is airborne may have been flagged as
misinformation or disinformation in January 2020. Today, in
early 2022, most scientists believe that the virus is airborne at
least in certain environments and conditions. Would a social
mediacompany that removed a post claiming that SARS-CoV-2
is airborne have harmed the public or prevented important
academic debate in the early days of the pandemic?

Acknowledging the genuine complexity of the situation does
not undermine but rather illuminates the urgency of our call to
action. In fact, recognizing the difficulties that social media
companies have in fairly adjudicating misinformation implies
that far more financial and human resources will need to be
marshaled to sufficiently address the problem. Wealthy
companies have invested some capitol toward these efforts, but
they are capable of so much more. The volume of
misinformation isimpressive, and removed information is often
quickly replaced by similarly harmful messages within a
platform, stifling progress. In essence, social media companies
are treading water, at best, and additional resources and
initiatives are warranted. Such efforts may need to be
strategically directed toward specific aspects of the infodemic,
such as misinformation about the clinical severity of the virus
or disinformation about the efficacy of the vaccine. Different
strategies are warranted to address arange of fixed beliefs that
may have developed at different stages of the pandemic; a
singular approach by a social media company may be
insufficient to change minds about the origins of the virus, its
transmissibility, and its prevention, al at once. Each type of
misinformation deserves a unique message in response, and
these messages must be tailored to the cultural differences of
usersin certain communities.

Addressing the infodemic does not fall solely to socia media
companies, and we cannot rely only on afew people or asmall
number of entitiesto battleit. Key potential change agents also
include elected government representatives, public health
officials, research scientists, journalists, clinical ethicists, and
physicians. However, for many constituencies, ageneral distrust
of government and an underappreciation of scienceismagnified
in part by socia media, requiring a truly multidisciplinary
responseto the challenge[28]. Therefore, we believe that major
impact could also result from effective messaging delivered by
trusted community leaders who can, for example, reach
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communities of vaccine hesitant individuals online and in
person: ministers, youth counsel ors, teachers, social and mental
health workers, frontline workers, and others.

Finally, implementation scientists have been inadequately used
as resources. Implementation science is the study of methods
used to introduce research findings into a health care context.
With respect to COVID-19, the methods used to introduce a
new vaccine to the entire world’'s population represented an
important and frequently missed opportunity [29]. During 2020,
significant attention was given to the rapid development and
testing of COVID-19 vaccines, relatively less attention was
given to equaly crucial areas, including how to equitably
manufacture vaccines to scale and how to equitably distribute
them [30]. The COVID-19 vaccine is widely accessible
throughout most industrialized nations now, but the potential
influence of implementation science remains no lessimportant.
A key tenet of implementation science is the use of different
strategiesto target different patient populations[31]. Especially
intheface of stiffening vaccine hesitancy in certain communities
and subpopulations, we believe that implementation scientists
should be engaged to help guide strategies and actions of social
media companies, and similarly to help other change agents
such as elected officials. There is a social imperative and an
ethical imperative to embrace the best available evidence and
methods needed to improve COVID-19 vaccination rates. We
recommend that social media companies seek the advisement
of expertsin implementation science as they develop strategies
to combat vaccine and other COVID-19 misinformation.

Next Steps

Health misinformation and disinformation have been increasing
rapidly for over adecade[14]. During the COVID-19 pandemic,
substantial attention was initially focused on ensuring the
distribution of the vaccines themselves but, unfortunately, not
the distribution of reliable information nor the mitigation of
harmful misinformation and disinformation. This has had
long-lasting effects. Over time, some who have said “I won’t
wear amask” now say, “1 won’'t take avaccine.” Going forward,
it is imperative that we move beyond our roles as scientistsin
alaboratory, physicians on the frontline, or strategists at social
media companies. We must seek to expand our influence in
health education and public health messaging more broadly.
We must exit the silo of the house of medicine and meet patients
and the public where they are at: online. Aswe do this, we need
to rely on sound strategies gleaned from education and
leadership literature to reach our patients effectively [8,32]. We
need to identify evidence-based interventions that effectively
dismantle online misinformation and then implement them [14].

If we want to create meaningful change, we cannot merely rely
on the progress of clinical science alone. We must consider how
best to implement and disseminate new discoveriesto the public
via socia networks and offline communities. For many in
science and medicine, this may mean engaging with massmedia
for thefirst time. That means personalizing our direct outreach
to patients and communities, engaging with empathy, and
seeking to understand before seeking change [33]. Moreover,
we must resist a paternalistic approach in which we protect

JMed Internet Res 2022 | vol. 24 | iss. 2 |35552 | p.11
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

patients from information but rather empower them to seek
reliable information and make informed choices about their
health. Fortunately, there are frameworks that can guide us.
Bautista et a [33] proposed a two-step conceptual model for
physicians seeking to refute misinformation—step 1:
identification of the types and sources of health misinformation;
and step 2: attempting to make private and public corrections,
done strategically and respectfully. Meanwhile, Chou et al [34]
urged physicians to partner with social media companies and
influencers to address health misinformation online, teach the
public to recognize potential misinformation, and cultivate better
trust toward the medical community. Finally, Walter et al [35]
confirmed that interventions to correct health misinformation
arethe most successful when they come from expertsinagiven
field.

Complicated problemscall for collaborative approaches. Social
media companies, medical professionals, researchers,
implementation scientists, and trusted messengers must form
synergistic partnerships to successfully combat the COVID-19
infodemic and health misinformation and disinformation

Textbox 1. Actions to address the COVID-19 infodemic.

Gisondi et al

generaly. Rather than focusing on assigning blame, change
agents can be most effective by demonstrating their willingness
to act and implement new best practices, regardless of whether
or not they previously contributed to some of the problems we
face today.

Asyou read the articlesin this special themeissue of the Journal
of Medical Internet Research, we urge you to reflect on
expanding your own contributions beyond your current working
environment. In Textbox 1, we offer several actionable next
steps for social media companies and health care providers to
combat COVID-19 misinformation. Consider how we all can
better address the current COVID-19 infodemic and combat
and prevent future ones. To truly win this battle, we must
urgently convert our expertiseinto the right words and the right
actions. Whether we find our patientsin the clinical environment
or on social media, we must protect them from the harms of
misinformation and disinformation and help them benefit from
the lifesaving medical and health information that we have to
offer.

Recommendations for social media companies

o ldentify and remove harmful bots from platforms

«  Censor sources of COVID-19 misinformation and disinformation
«  Label erroneous content

«  Promote sound science

«  Support public health efforts

«  Target culturaly appropriate messaging to specific communities

« Direct usersto local health clinics and COVID-19 resources

Recommendations for health care providers

«  Engage patients on social media

«  Commit to posting public health messaging online

«  Provide expert advice to mass media outlets

«  Personalize direct outreach to patients and communities

«  Create synergistic partnerships with leaders in other disciplines

« Redesign socia media agorithms to reduce the spread of COVID-19 misinformation

«  Offer COVID-19 content expertise to social media companies and online news media
« ldentify and implement evidence-based interventions to combat health misinformation

o Partner with online influencers to disseminate accurate COV1D-19 information

«  Seek to understand patients with empathy before seeking behavior change
«  Empower patients to seek reliable health information and make informed choices
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Abstract

Background: There is a lack of evidence in the literature regarding the learning outcomes of immersive technologies as
educational tools for teaching university-level health care students.

Objective: The aim of this review is to assess the learning outcomes of immersive technologies compared with traditional
learning modalities with regard to knowledge and the participants learning experience in medical, midwifery, and nursing
preclinical university education.

Methods: A systematic review was conducted according to the Cochrane Collaboration guidelines. Randomized controlled
trials comparing traditional |earning methods with virtual, augmented, or mixed reality for the education of medicine, nursing,
or midwifery students were evaluated. The identified studies were screened by 2 authors independently. Disagreements were
discussed with a third reviewer. The quality of evidence was assessed using the Medical Education Research Study Quality
Instrument (MERSQI). The review protocol was registered with PROSPERO (International Prospective Register of Systematic
Reviews) in April 2020.

Results: Of 15,627 studies, 29 (0.19%) randomized controlled trials (N=2722 students) were included and evaluated using the
MERSQI tool. Knowledge gain was found to be equal when immersive technologies were compared with traditional learning
modalities; however, the learning experience increased with immersive technologies. The mean MERSQI score was 12.64 (SD
1.6), the median was 12.50, and the mode was 13.50. Immersive technology was predominantly used to teach clinical skills
(15/29, 52%), and virtual reality (22/29, 76%) was the most commonly used form of immersive technology. Knowledge was the
primary outcomein 97% (28/29) of studies. Approximately 66% (19/29) of studiesused validated instruments and scalesto assess
secondary learning outcomes, including satisfaction, self-efficacy, engagement, and perceptions of the learning experience. Of
the 29 studies, 19 (66%) included medical students (1706/2722, 62.67%), 8 (28%) included nursing students (727/2722, 26.71%),
and 2 (7%) included both medical and nursing students (289/2722, 10.62%). There were no studiesinvolving midwifery students.
The studieswere based on the following disciplines: anatomy, basic clinical skillsand history-taking skills, neurology, respiratory
medicine, acute medicine, dermatol ogy, communication skills, internal medicine, and emergency medicine.

Conclusions: Virtual, augmented, and mixed reality play an important role in the education of preclinical medical and nursing
university students. When compared with traditional educational modalities, the learning gainisequal with immersive technologies.
L earning outcomes such as student satisfaction, self-efficacy, and engagement all increase with the use of immersive technol ogy,
suggesting that it is an optimal tool for education.
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Introduction

Background

Educational technology is changing the way in which welearn
today, and its purpose isto ultimately improve education [1,2].
The addition of educational technology to a curriculum needs
to be developed and guided by informed, evidence-based
research. Educational technology includesinstructional software
such asvirtual reality (VR), augmented reality (AR), and mixed
reality (MR), known collectively asimmersive technology [3].
Immersive technologies should be built around effective
teaching methods that provide an appropriate learning method
and learning outcome [4]. Immersive technol ogies are thought
to provide pedagogy based on the constructivist theory and
experiential learning, creating an environment that aids visual
learners and enables students to learn by doing, develop
creativity, and increase understanding of invisible concepts[5].
The Association for Medical Education in Europe has previously
published guidance on e-learning in medical education: “Designs
for effective medical e-learning, therefore, need to mirror the
dynamicsand details of real-world practice aswell asaffording
effective learning opportunities’ [6].

Immersive technologies are defined as devices that provide
sensory stimuli to provide a sense of realism and immersionin
the interactions with the computer-generated world [7]. VR is
a technology that allows the user to explore and manipulate
computer-generated real or artificial 3D multimedia sensory
environmentsin real time. It dates back to 1956, when Morton
Heilig, a cinematographer, devel oped the Sensorama, adisplay
box first used for background scenesin the Hollywood motion
picture industry. This was the first head-mounted display to be
developed. In the mid-1960s, Ivan Sutherland, an American
Computer Scientist, went on to develop the concepts of VR
further. He described The Ultimate Display, a VR system that
could smulateredlity [8], and his paper described core concepts
that are the foundation of VR use today. Owing to the
heterogeneity of the terminology used to describe VR, we can
characterize VR as a“collection of hardware such as Personal
Computer (PC), HMDsand tracking sensors, aswell as software
to deliver an immersive experience” [9]. In comparison, AR is
an interactive experience of a real-world environment where
the objects that reside in the real world are augmented by
computer-generated perceptual information. Historicaly, the
development of AR started in the 1960s; however, the term AR
was not established until 1990. Although VR and AR share
many technical aspects, the main differenceisthat AR does not
construct a fully artificial environment and simply overlays
computer-generated images onto images of the real world.
Therefore, it uses machines that allow a physical view of the
surrounding environment to be visible but enhanced with virtual
images [10]. Finaly, MR is the merging of rea and virtua
worlds to produce new environments and visualizations where

https://www.jmir.org/2022/2/€30082

physical and digital objects coexist and interact in real time
[11].

Objective

To date, there has been amultitude of publications detailing the
devel opment and implementation of immersivetoals, in addition
to demonstrating the benefits of VR, AR and MR technology
in medical, nursing and midwifery education [12-17]. This
technology is thought to provide increased engagement and
understanding during learning coupled with feedback
mechanisms and design capabilities of varying difficulty levels
[5]. In addition, it facilitates practice without the risk of human
harm and also helps build professional skills and teamwork
[18,19]. However, thereisapaucity of evidence on thelearning
outcomes of these innovative educational tools.

Asoutlined by the Digital Health Education Collaboration, there
is a need for a strong evidence base to guide the development
of immersive educational tools so that the learning goals and
outcomes are in line with national and international standards
[20]. There have been an increasing number of systematic
reviews documenting the use, application, and effectiveness of
VR, AR, and MR in an effort to establish an evidence-based
network of research for usein medical education. However, the
results have been mixed; including a systematic review that
looked at the effectiveness of AR in medical education which
found that there was insufficient evidence to recommend its
implementation into the curriculum. Similarly, another review
looked at serious games used in medical education and found
that the evidence was moderate to support the use of immersive
technol ogy, stating that it should not replace traditional learning
tools [21-25]. Immersive technologies are used mainly as
educational tools for complex topics such as anatomy and
embryology and are thought to enhance thelearning experience
[26,27]. Are VR, AR, and MR as effective in delivering
knowledge as well as an enhanced learning experience in
comparison with traditional teaching tools such as 2D didactic
presentations?

Therefore, the aim of this systematic review is to assess the
learning outcomes of VR, AR, and MR across 3 hedlth care
student disciplines—medicine, nursing, and midwifery
education—compared with traditional learning modalities. The
learning outcomes include knowledge, skill development, and
the learning perceptions of students, including satisfaction and
self-confidence in learning aong with engagement and
motivational factors.

Methods

Purpose and Protaocol

A systematic review of the available scientific literature was
conducted to assess the learning outcomes associated with the
application of VR, AR, and MR as educational tools compared
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with traditional learning modalities for medical, nursing, and
midwifery students in preclinical university education. The
review protocol was registered with PROSPERO (International
Prospective Register of Systematic Reviews) in April 2020
(CRD42020154598). The search resultswerereported according
to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines[28] and the Cochrane
Collaboration guidelines [29].

Eligibility Criteria

The €dligibility criteria were based on the Population,
Intervention, Comparison, and Outcomes criteria. The
population selected for this review included preclinical
university students enrolled in three educational disciplines:
medicine, nursing, or midwifery courses only. Randomized
controlled trials (RCTs) that implemented VR, AR, or MR
technol ogy in comparison with acontrol method wereincluded.
Owing to the heterogeneity of the definitions surrounding VR
applications, we restricted inclusion to interactive 3D models
requiring a headset, virtual patients (VPs), or VR learning
environments. The primary outcomes included knowledge and
reference to the learning experience, which involved
engagement, satisfaction, and perceived learning experience.
Only studies published in English were included.

Search Strategy

A large-scale search was undertaken because of the wide use
of the various terminology to describe VR, AR, and MR and
the technology surrounding their use in health care student
education. Thefollowing method was used to identify empirical
studies for inclusion in the systematic review. We conducted a
comprehensive computerized database search of full-text articles

Ryan et d

published in English. Only RCT's assessing learning outcomes
using VR, AR, or MR technologies in comparison with
traditional learning models were included. The reason for this
was that we wanted to review the learning outcomes of
immersive technologies compared with traditional learning
outcomes, including knowledge and learner experience. The
fundamental study design of an RCT requires a control and an
intervention group; therefore, we selected these types of studies
for thisreview. Searcheswere conducted with predefined search
terms (Multimedia Appendix 1) using the following electronic
databases: PubMed, Embase, Web of Science, CINAHL, and
ERIC. Medical Subject Headingstermsincluded virtual reality,
augmented reality, educational technology, imaging, three
dimensional, education, and teaching materials. Search terms
were connected using Boolean operators AND and ORto capture
all relevant article suggestions. The latest search was conducted
on March 8, 2021.

Databases were downloaded to EndNote reference manager
software (Clarivate Analytics), which recorded citations and
identified duplicates. A spreadsheet was created to record
decisions and comments. Screening of articles was conducted
by 2 researchers (GR and SC) in an unblinded, standardized
approach (independently and in parallel). Titles and abstracts
of studies sourced from electronic databases were reviewed
according to the inclusion and exclusion criteria previously
described. Subsequently, full texts of the included articlesfrom
the initial screening process were reviewed for eligibility
according to the described inclusion and exclusion criteria.
Differences of opinion were resolved through conversations
between the reviewers. A schematic stepwise algorithm for the
search strategy is shown in Figure 1.

Figure1l. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram adapted for this study.
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Data Collection

Microsoft Excel was used to build adataextraction form, which
was divided into three categories. (1) study identification, (2)
analysis of learning outcomes, and (3) study design. The first
section included bibliographic information, the country of origin
of the study, and ademographic description of the participants.
The second section examined learning outcomes related to
teaching strategies, relationships between technologies, and
learning objectives. The third section evauated the
methodological quality of the study design.

Study Quality Assessment

We used the Medical Education Research Study Quality
Instrument (MERSQI) to evaluate the study design of the RCT's
[30]. The MERSQI is divided into several domains, including
evaluation of study design, sampling, data type, validity, data
analysis, and outcomes. The learning outcomes are based on
the hierarchy of educational outcomes by Kirkpatrick and
Kirkpatrick [31], which adoptsaconstructional framework using
a 4-level model for evaluating educational effectiveness. The
first level describes the participants' perception of the learning
experience; knowledge, skills, and attitudinal change are
assessed in the second level; changesin behavior are evaluated
inthethird level; and changesin health care or patient outcomes
are evaluated in the fourth level.

Data Analysis

A narrativereview of theresultsreported in theincluded studies
on learning outcomes was conducted. The data in the final
included studies did not allow for aformal meta-analysis asthe
studies were not sufficiently homogenous, given the stated
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research question and the use of different technologies and
educational topics.

Results

Study Selection

Weidentified 15,627 articlesfrom the primary database search.
After duplicates were removed, there were 86.63%
(13,538/15,627) of articles left for abstract review. Abstracts
were screened and, of those 13,538 articles, 179 (1.32%)
remained for a full paper review. Of those 179 articles, 150
(83.8%) were excluded, leaving 29 (16.2%) full papersfor study
inclusion. Details of the study selection process are displayed
in Figure 1. In total, 29 RCT studies (N=2722) were included
in thisreview. All studies were conducted in the past 10 years,
with most studies (18/29, 62%) published within the past 3
years.

Study Designs

In total, 2722 students participated in the 29 RCTs. Of the 29
articles, 19 (66%) included medical students (1706/2722,
62.67%), 8 (28%) included nursing students (727/2722,
26.71%), and none of the studies involved midwifery students.
Approximately 7% (2/29) of studiesincluded both medical and
nursing students (289/2722, 10.62%). Thefollowing disciplines
were used to test the immersive technologies: anatomy, basic
clinica and history-taking skills, neurology, respiratory
medicine, acute medicine, dermatology, communication skills,
internal medicine, and emergency medicine. A full list of the
RCTs, basic demographic details, and immersive technology
applications included in this review is outlined in Table 1.
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Table 1. Randomized controlled trialsincluded in this review of immersive educational tools.
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Author Setting Application detail Sample  Purpose Outcome
size, N
Seiferteta [32] Germany VPP cases (Moodle learning 40 VP—basic clinical Similar levels of long-term knowledge
management system) skills gai neq; participants assessed the.l garni ng
experience and the comprehensibility of the
seminars as either very good or good
Wangetal [33] NewZedand 3D visualizer software 52 Anatomy teaching There was no difference in knowledge ac-
(preloaded 3D hologram) on quisition between groups; only MR group
Microsoft HoloL ens device demonstrated higher retention in nominal
and spatial types of information; increased
engagement in 3DM® and MR group
Rosder etal [34] United States  Virtual Electrosurgery Skill 20 Fire safety knowledge No differences in knowledge; intervention
Trainer developed by the Na- group participants were noted to meet per-
tional Institutes of Health formance criteriafor their assigned rolein
their perioperative team
Lombardi et al United States ~ Virtua heart activitiesusing 29 Anatomy teaching Plastic model group achieved significantly
[35] physiology software programs higher overall scoreson initia and follow-
(Practice Anatomy L ab, Pear- up exams; attitude surveys demonstrated a
son Education, and Interactive higher preference for organ dissection
Physiology)
Padilhaet a [36] Portugal Body Interact (simulation 42 Respiratory medicine  Improved knowledge and higher levels of
with VPs) learning satisfaction in the intervention
group; no statistically significant differences
in self-efficacy perceptions
Blanieeta [37] France VP cases—LabForSIMS 146 Basic clinical skills  No significant educational difference was
(simulation center) and a found; satisfaction and motivation were
software designer (Interaction found to be greater with the use of SG
Healthcare)
Liaw et al [38] Singapore VP simulation—eRAPIDS, 57 Clinical deterioration No differencein knowledge acquisition; VP
developed at the National was rated positively
University of Singapore
Menzel et al [39] United States  Second Life (Linden Lab) 51 Cultural attitudes No statistically significant differences be-
virtual simulation environ- tween the learning formats
ment (WAL D€ Idand)
Gananasegaram  Canada Campbell’s3DM of theinner 29 Anatomy teaching No difference in knowledge acquisition;
et al [40] ear—publicly available data HG' group rated higher for overall effective-
sets displayed on Microsoft ness, ability to convey spatial relationships,
HoloLens and learner engagement and motivation
Liaw et al [41] Singapore VRY (no details) 198 VP toteach MDT" Increased levels of self-efficacy and atti-
rounds tudes toward interprofessional team care
Moroeta [42] Austrdia Microsoft HoloLens, 3D Stu- 40 Physiology and brain  No difference in knowledge test scores,
dio Max (Autodesk Inc), Uni- anatomy significant increase in dizziness using the
ty 3D (Unity Technologies), HoloLens
Vuforiav5 plug-in for Unity
(PTC Inc), Samsung Galaxy
Tab 3 (Samsung Electronics),
Visual Studio v2019
Stepanetal [26] United States VR model of brain anato- 66 Cerebral anatomy No difference in anatomy knowledge; VR
my—brain CT' scans and group found learning experience to be sig-
RIS, Surica Theater nifcanty more engang,enjoyebe, s,
OculusRift VR system (Ocu-
lusVR)
Hu et a [43] Talwan Anatomy Master module of 101 Anatomy teaching Significant improvement in ultrasound task

Medical Holodeck

performance and ultrasonographic image
identification MCQk testsin the VR group
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Author Setting Application detail Sample  Purpose Outcome
size, N
Engumet a [44] United States  CathSimIntravenousTraining 93 Intravenous catheter  Significant improvement in cognitive gains,
System (CathSim) developed training student satisfaction, and documentation of
by HT Medica (Immersion) the procedure with thetraditional |aboratory
group compared with the computer catheter
simulator group
Berg et a [45] Norway VR application developed by 289 ABCDE basicresusci- Noninferiority of learning modality; more
the authorswith hired help for tation skills studentsin VR group reported liking the
programming (Unity way they practiced and that it was a good
2018.30f2) and video of the way to learn; VR group scored high on the
VR features System Usability Scale
Kiesewetter etal  Germany VR learning environment 142 VPtoteachclinica  Caseformats with aVP did not affect
[46] CASUS skills knowledge gain or diagnostic accuracy [46]
Schoeb et al [47] Germany Instructions for catheteriza- 164 Catheter training MR group had significantly better learning
tion displayed on Microsoft outcomes [47]
HoloLens
Noll et a [48] Germany AR mobile app, iPhone oper- 44 Permatol ogica teach- No difference in outcomes between groups
ating system (iOS, Apple ing [48]
Inc)—based app mArble Der-
ma(m-ARBL E-dermatol ogy)
Liaw et a [49] Singapore 3D virtual hospital devel- 120 Interprofessional skill - No difference between groupsin communi-
oped—CREATIVE training cation performance scores [49]
lenghong et a Thailand 3D USS" imagesplayedon 46 Emergency ultrasound  Better performance scoresin VR flash card
(5] the downl oaded phone app skills group [50]
and AR
Sobocan et a Slovenia VP—no detail 34 Internal medicine No differencein exam performance between
[51] skills groups
Kockro et al [52] Switzerland Virtual 3DM developed from 169 Neuroanatomy There were no significant differencesin
MRI and CT scans and Dex- knowledge scores; participantsrated the 3D
troBeam system (Bracco Ad- method as superior to 2D teaching methods
vanced Medical Technolo- in four domains: spatial understanding, ap-
gies) plication in future anatomy classes, effec-
tiveness, and enjoyableness [52]
Nickel et a [53] Germany Computer-based TM" devel- 410 Liver anatomy 3D group had higher scores, and participants
oped using the open-source had a preference for 3D training [53]
Medical Imaging Interaction
Toolkit software developed
by the German Cancer Re-
search Center
Berg et a [54] Norway ABCDE resuscitation applica- 289 VP to teach clinica Group self-practice of the ABCDE approach
tion developed with help from skills in multiplayer, immersive, interactive VR
hired programmers for Unity application was noninferior to practicewith
using Oculus Quest software physical equipment [54]
(Oculus)
Bogomolvaetal The Nether- DynamicAnatomy AR appli- 60 Anatomy teaching No significant differences in knowledge
[55] lands cation devel oped at the Depart- scores [55]
ment of Anatomy and Embry-
ology at the Leiden University
Medical Centrefor Innovation
O'Rourke et a United States VP model simulation devel- 60 Clinical skill—break- No significant between-group differences
(56] opedwith areal patientinreal ing bad news onthe POMS® 2 or sdlivary cortisol concen-

time

tration following the SP” interaction; stu-
dents had similar emotional and behavioral
responses when delivering bad news to SP

or vSPA [56]

https://www.jmir.org/2022/2/€30082

RenderX

JMed Internet Res 2022 | vol. 24 | iss. 2 |€30082 | p.20
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Ryan et d

Author Setting Application detail Sample  Purpose Outcome
size, N
Duet a [57] Taiwan 3DMs—Autodesk 3BDSMax 18 Anatomy teaching No significant differencesin MCQ scores
software (Autodesk Media between groups; VR groups scored highly
and Entertainment) and Unity on theinterest, competence, and importance
3D developedintoaVR subscales of the IMI"; both VR groups con-
gaming system for HTC Vive sidered the system to be fun and beneficial
to their learning; M P° group reported higher
stress levels
Maresky et al Canada Using TeraRecon (TeraRecon, 42 Cardiac anatomy VR group scored higher on knowledge
[12] Inc), Slicer, and The Body
VR: Anatomy Viewer private
betaversion (The Body VR
LLC) together with software
provided by Sharecare VR
(Sharecare Reality Lab)
Issleibeta [58] Germany VR softwaredevelopedinco- 160 Resuscitationtraining Classic BLS training with a seminar and

operation between the Univer-
sity of Hamburg and
VIREED'—VR-BLS" course
(using the Laerdal (man-
nequin)

training sessions seemed superior to VR in
teaching technical skills [58]

3/P: virtual patient.

PMR: mixed redlity.

€3DM: 3D model.

dSG: simulation by gaming.
SWALD Island named for Lillian Wald, a public health nursing pioneer.
HG: holographic.

9VR: virtual reality.

PMDT: multidisci plinary team.

icT: computed tomography.

IMRI: magnetic resonance imaging.
KM CQ: multiple-choice question.
'AR: augmented redlity.

MUSS: ultrasound scan.

"TM: teaching module.

%POMS: Prafile of Mood States.
PSP simulated patient.

OySP: virtual simulated patient.
"IMI: Intrinsic Motivation Inventory.
SMP: multiple-player.

"IREED: Virtual Reality Education (medical virtua reality education platform).

UBLS: basic life support.

Study Char acteristics

Approximately 76% (22/29) of authors used VR applications,
which included virtual simulation scenarios and VPs.
Approximately 17% (5/29) of articles used AR applications,
which involved using the Microsoft HoloLens headset and
mobile phone apps. There were 7% (2/29) of studies that used
MR.

Of the 29 articles retrieved, 28 (97%) were from high-income
countries and 1 (3%) was from an upper—middlie-income
country. Most studies originated in the United States (6/29,
21%) and Germany (6/29, 21%), followed by Singapore (3/29,
10%), Canada (2/29, 7%), Norway (2/29, 7%), Taiwan (2/29,

https://www.jmir.org/2022/2/€30082

RenderX

7%), Australia (1/29, 3%), France (1/29, 3%), the Netherlands
(1/29, 3%), New Zealand (1/29, 3%), Portuga (1/29, 3%),
Slovenia (1/29, 3%), Switzerland (1/29, 3%), Thailand (1/29,
3%), and Turkey (1/29, 3%).

Primary and Secondary L earning Outcomes

Learning outcomes were reported in al studies, including
outcomes for both knowledge and the participants’ learning
experience. Knowledge was assessed via multiple-choice
guestion tests, single best answer tests, general clinical
knowledge tests, open-ended style tests, or objective structured
clinical examinations. Of the 29 studies, 12 (41%) studies
evaluated knowledge using multiple-choice question tests.
Approximately 31% (9/29) of studies evaluated knowledge via
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genera clinical knowledge—based tests that used a variety of
validated questionnaires such as the Maastricht Assessment of
Simulated Patients questionnaire and the Attitudes toward
Poverty scale questionnaire[39,56]. Approximately 10% (3/29)
of studies assessed knowledge using open-ended style exam
questions. Approximately 3% (1/29) of studies evaluated
knowledge via an objective  structured  clinical
examination-based exam. Of the 29 studies, 1 (3%) evaluated
knowledge via a single best answer test, 1 (3%) did so via
interprofessional skill assessment, and 1 (3%) did not specify
the type of evaluation test. Approximately 90% (26/29) of
studiesreported on satisfaction, attitudes, perceptions, opinions,
and general facts regarding the technology used. The learning
experience was evaluated in various ways, including validated
and nonvalidated instruments on satisfaction, engagement, and
perceived learning outcomes. Approximately 3% (1/29) of
studies used psychometric testing to evaluate the learning
experience[33]. Another study measured salivary cortisol levels
before and after the intervention to evaluate whether delivering
bad news via a real simulated patient or a virtual simulated
patient evoked the same psychological stress [56].
Approximately 66% (19/29) of studies used validated scalesto
assessthelearning experience, namely, the Intrinsic Motivation
Inventory [57], General Self-Efficacy Scale, Learner Satisfaction
with Simulation Scale[36], and Diagnostic Thinking Inventory
[51]. A full list of the validated scales used in the RCTsin this
review is provided in Multimedia Appendix 2
[26,33,34,36-38,41,42,45-49,51,54-58]. Approximately 7%
(2/29) of studiesreported on behaviors asan outcome, and none
of the studies reported patient or health care outcomes [51,56].
Only 3% (1/29) of studies reported on adverse health outcomes
as part of their secondary outcomes [42].

Study Quality Assessment

The MERSQI scale scores ranged from 10 to 15, with a mean
score of 12.64 (SD 1.6). The median was 12.5, and the mode
was 13.5. The mean (SD) domain and item scores areillustrated
in Multimedia Appendix 3. The mean domain scores were
highest for study design (mean 1, SD 0), data analysis (mean
0.7, SD 0.46), and outcomes (mean 0.6, SD 0.21). The
lowest-scoring domains included type of data (mean 0.5, SD
0), sampling (mean 0.3, SD 0.15), and validity of the evaluation
instrument (mean 0.3, SD 0.27). All articlesused an RCT (29/29,
100%) study design, which meant that all studies obtained the
highest score in this domain.

Of the 29 studies, 1 (3%) was a double-center RCT, and the
remaining 28 (97%) were conducted at asinglesite. Inrelation
to participant response rate, 93% (27/29) of the studies had a
high response rate of >75%.

The authors used appropriate statistical analysisin all studies
according to the MERSQI [59]. In relation to the validity of the
evaluation instrument, 66% (19/29) of studies used validated
instruments and scales to assess learning outcomes, including
satisfaction, self-efficacy, engagement, and perceptions of the
learning experience.

Finally, according to classification using the criteria by
Kirkpatrick [31] in the MERSQI scale, 97% (28/29) of studies
assessed knowledge as the primary outcome, and 62% (18/29)

https://www.jmir.org/2022/2/€30082

Ryan et d

of studies used a pre- and postlearning experience knowledge
assessment.

Discussion

Principal Findings

The aim of this systematic review was to assess the current
educational role of immersivetechnology in medical, midwifery,
and nursing education at the university level compared with
traditional learning modalities. Second, the review evaluated
the associated learning outcomes of VR, AR, and MR and how
they were evaluated. A total of 29 RCTs were selected for this
review. Themain findings of this study indicate that knowledge
gainisequa whenusing VR, AR, or MR in health care student
education compared with traditional learning modalities. In
addition, VR, AR, and MR provide an enhanced learning
experience based on the secondary outcomes of the studies
included in this review [12,26,33,36,38,40,45]. This supports
the current evidence that immersive educational technology is
a useful and valuable learning tool in medical and nursing
preclinical university education. The most common form of
immersive technology used was VR. The favored use of VR
may be due in part to the widespread availability of
cost-effective 3D software and web-based material for the
development of anatomy tools [14,60]. Comparators were
present in every study and ranged from 2D didactic presentations
to textbooks. All the studies retrieved involved medical and
nursing students in preclinica university education.
Interestingly, there were no studies involving midwifery
students. Although there are studies involving midwifery
studentsand immersive technologiesin the literature, thisreview
found no RCTswithin this domain.

The MERSQI tool provided a standardized approach to
evaluating the methodological quality of the studies included
in this review [59], which resulted in a moderate level of
evidence for these studies. The MERSQI tool also allowed us
to classify the learning outcomes of the RCTSs clearly, with
knowledge identified as the most common primary outcome.
Secondary outcomeswereidentified and included attitudes and
opinions related to the learner experience (ie, satisfaction,
self-efficacy, engagement, and perceptions of the learning
experience). All studieswere conducted in upper—middle-income
or high-income countries, which may be because of the
availability of more funding to support the purchase of such
equipment. Thearticlesidentified for this review were published
within the past 10 years, with most (19/29, 66%) being published
in the past 3 years. This highlights the recent rise in interest in
immersivetechnologiesfor usein preclinical university medical
and nursing education. The International Data Corporation has
forecasted the shipment of 36.7 million VR headset units by
2023 [61].

Anatomy was the most common topic taught with immersive
technologies, which may be because of the ability of immersive
technologies to enhance the understanding of complex body
processes that cannot be visualized [24]. Subjects such as
anatomy and embryology require studentsto trandate 2D images
into 3D concepts, which can be a cognitive challenge for those
who have difficulty visualizing this transformation of images
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[62,63]. Students may also mentally rotate complex structures
inaccurately, leaving the mind to fill the gaps in any missing
structures [64]. The introduction of immersive technology as
an educational tool could automatically standardize this process
for students and enhance the understanding of certain subjects
such as anatomy and embryology. Similarly, midwifery
education requires an understanding of complex concepts, such
asfetal development in the womb. Therefore, thiswould be an
important areafor future research comparing traditional learning
tools with immersive technologies.

VPswere developed in 41% (12/29) of the studiesin thisreview.
VPs play a key role in learning basic clinical skills for both
nursing and medical education. In addition, they create an
environment for repeated practice in a safe space without harm
to patients [65,66]. Traditionally, clinical education relies on
practicing diagnostic, therapeutic, and procedural skillson live
patients. This can be difficult to balance on a day-to-day basis
because of the fast-paced nature of medicine, time constraints
for clinical teaching in busy wards, and competition between
students [67]. In addition, over the past year, the experience of
the global COVID-19 pandemic has vastly reduced access to
bedside teaching for nursing, midwifery, and medical students
[68]. Therefore, the availability and development of VPs and
immersive learning environments can play a key role in the
future as an adjunct to developing clinical skillsfor students at
al levels and at any time [61].

The primary outcome in most studies (28/29, 97%) was
knowledge. This review demonstrated that immersive
technology is equally effective in knowledge gained by the
student and, in some studies, reflectsahigher level of knowledge
retention. Regarding secondary outcomes concerning the
learning experience, all studies reported overall positivity and
higher satisfaction in learning, self-efficacy, and engagement
with immersive technologies. Moreover, this review revealed
the heterogeneity of tools and instruments used to evaluate
secondary learning outcomes such as student satisfaction,
self-efficacy, engagement, and learning perceptions. Several
studies developed their own Likert-style assessment scales,
whereas others used and adapted previously developed and
validated scales for the assessment of secondary learning
outcomes. According to the Association for Medical Education
in Europe, “assessment tool s selected should be valid, reliable,
practical and have an appropriate impact on student learning”
[69]. Perhaps this highlights the need for a standardized,
validated instrument to be designed specifically for immersive
technology in education for the eval uation of learning outcomes
related to the students' learning experience. For example, in
simulation, the National League of Nursing developed a
validated standardized scale to evaluate the use of simulation
and student learning experience with simulation activity,
including students’ satisfaction and self-confidence, perceived
learning, and engagement [36]. Therefore, the devel opment of
a standardized instrument to evaluate |earning outcomes, such
as satisfaction, self-confidence, self-efficacy, and engagement,
for immersive educational tools may be beneficial so that future
research may be better informed by a more uniform approach
to assessing learning outcomes.
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Strengthsand Limitations

This systematic review provides an up-to-date review on the
learning outcomes of immersive technologiesin university-level
medical and nursing education. This study illustratesimportant
findings on the use of immersive technol ogies that will provide
afoundation for future research in this area. Knowledge gain
with immersive technologies was shown in this review to be
equal to or greater than that of traditional modalities, thus
providing an evidence base for future curriculum developers
and researchers aike to implement these immersive tools into
university programs. A comprehensive search strategy and
robust methodol ogy support the strengths of this study. The use
of the validated MERSQI tool to assess the study design of the
included studies also adds to the strength of our study design.

Most of the reviewed studies developed their own bespoke
immersive educational tool specific to their needs, with VR
being primarily used. Thefavored use of VR may be duein part
to the widespread availability of cost-effective 3D softwareand
web-based material for the development of anatomy tools
[14,60]. However, the devel opment of these tools has financial
and resource implications, including the time spent developing
content for these devices. With theincreased amount of content
and material, there may be an opportunity to develop auniversal
platform that makes content sharable and available worldwide
for headth care education. This may reduce the barriers to
accepting and implementing this technology in health care
education.

Neverthel ess, we recognize that there were also somelimitations
to this study. Common biases exist within the methodology
section, including the study eligibility criteria, identification
and selection of studies, data extraction, and study appraisal.
Predefined search criteriaand inclusion criteriawere set out in
the published protocol, which aimed to reduce these biases.
Within the published literature, there is heterogeneity in how
VR isdefined, requiring usto confine VR to include the use of
aheadset, providing only an immersive experience, as opposed
toa3D visualization on acomputer screen. Therefore, thismay
have resulted in the exclusion of studies involving a 3D
animation or model on acomputer screen that did not place the
learner in an immersive environment. Furthermore, because of
the initial large database of articles retrieved, we decided to
only include RCTSs, as they are regarded as the highest-quality
study type and also included acomparator that was atraditional
learning modality. This processwas conducted by 2 independent
reviewers (GR and SC), and full-text inclusion was dependent
on agreement by both reviewers. During the study retrieval
process, bias may have occurred because of the unavailability
of some studies. Authorswere contacted in cases of unavailable
data; however, this may have led to data availability bias and
unrepresented data. This study included only preclinical
university students; therefore, the value of immersive technology
in the postqualification setting is unknown.

Conclusions

In conclusion, this systematic review demonstrates that VR,
AR, and MR are beneficial educational tools in preclinical
medical and nursing university education. |mmersivetechnology
isequally effectivein teaching and increases|earner satisfaction,
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self-confidence, and engagement. However, further researchis  immersive tools, the use of immersive technologies in health
required to explore the role of VR, AR, and MR in midwifery  care student education is potentialy very valuable.
education. With the increasing availability of cost-effective
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Abstract

Background: Juvenile idiopathic arthritis (JA) management aims to promote remission through timely, individualized,
well-coordinated interdisciplinary care using arange of pharmacological, physical, psychological, and educational interventions.
However, achieving thisgoal isworkforce-intensive. Harnessing the burgeoning eHealth and mobile health (mHealth) interventions
could be aresource-efficient way of supplementing JJA management.

Objective: This systematic review aimsto identify the eHealth and mHealth interventions that have been proven to be effective
in supporting health outcomes for children and young people (aged 1-18 years) living with JIA.

Methods: We systematically searched 15 databases (2018-2021). Studies were eligible if they considered children and young
people (aged 1-18 years) diagnosed with JJA, an eHealth or mHealth intervention, any comparator, and health outcomes related
to the used interventions. Independently, 2 reviewers screened the studies for inclusion and appraised the study quality using the
Downs and Black (modified) checklist. Study outcomes were summarized using a narrative, descriptive method and, where
possible, combined for a meta-analysis using a random-effects model.

Results. Of the 301 studies identified in the search strategy, 15 (5%) fair-to-good—quality studies met the inclusion criteria,
which identified 10 interventions for JIA (age 4-18.6 years). Of these 10 interventions, 5 (50%) supported symptom monitoring
by capturing real-time data using health applications, electronic diaries, or web-based portals to monitor pain or health-related
quality of life (HRQoL ). Within individual studies, a preference was demonstrated for real-time pain monitoring over recall pain
assessments because of a peak-end effect, improved time efficiency (P=.002), and meeting children’s and young people’s HRQoL
needs (P<.001) during pediatric rheumatol ogy consultations. Furthermore, 20% (2/10) of interventions supported physical activity
promotion using aweb-based program or awearable activity tracker. The web-based program exhibited amoderate effect, which
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increased endurance time, physical activity levels, and moderate to vigorous physical activity (standardized mean difference

[SMD] 0.60, SD 0.02-1.18; 12=79%; P=.04). The final 30% (3/10) of interventions supported self-management development
through web-based programs, or apps, facilitating a small effect, reducing pain intensity (SMD -0.14, 95% CI -0.43 to 0.15;
12=53%; P=.33), and increasing disease knowledge and self-efficacy (SMD 0.30, 95% Cl 0.03-0.56; 1°=74%; P=.03). These
resultswere not statistically significant. No effect was seen regarding pain interference, HRQoL , anxiety, depression, pain coping,
disease activity, functional ability, or treatment adherence.

Conclusions:  Evidence that supports the inclusion of eHealth and mHealth interventions in JJA management is increasing.
However, this evidence needs to be considered cautiously because of the small sample size, wide Cls, and moderate to high
statistical heterogeneity. More rigorous research is needed on the longitudinal effects of real-time monitoring, web-based pediatric
rheumatol ogist—children and young peopl e interactions, the comparison among different self-management programs, and the use
of wearable technologies as an objective measurement for monitoring physical activity before any recommendations that inform

current practice can be given.

(J Med Internet Res 2022;24(2):€30457) doi:10.2196/30457
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Introduction

Background

Juvenileidiopathic arthritis (JA) isthe most common rheumatic
diseasein pediatric populations[1]. Early diagnosis and active
treatment are essential for maintaining physical function and
psychological well-being. The treatments aim to control the
disease, promote clinical remission, and prevent long-term
disability [2-5]. However, to achieve these goals, the
management of JA should be multifactorial [6].
Pediatric-specific issues need tending, such as the use of
antirheumatic medicationsin children and young people, growth
retardation, pain and coping, school attendance, psychosocial
functioning, dealing with parents, and, in the adolescent years,
preparing for the transition to adult care [4,7,8]. For good reason,
children and young people need to be closely monitored and
supported by specialized rheumatology centers that provide
interdisciplinary care using arange of pharmacological, physical,
psychological, and educationd interventions[6,9-12]. However,
several barriers have been identified that hinder this current
model of support, delaying the delivery of timely, individualized,
and well-coordinated care.

There is an inadequate number of experienced pediatric
rheumatologists (PRs) to meet demand and oversee care
[7,13-18]. This has resulted in long waiting lists, the
centralization of servicesinto tertiary children’s hospitals, and
the need for many children and young people to travel long
distances to access pediatric rheumatology centers [2,18] or
care being delivered by a primary health care provider with no
pediatric rheumatology training [2,5,14,18-20]. The World
Forum on Rheumatic and Musculoskeletal Diseases clearly
states that poor access to health care services can significantly
impede diagnosis, appropriate treatment, and health outcomes
[14], highlighting the need to overcome these barriers in the
delivery of JJA management.

In addition, to achieve optimal health outcomes, children and
young people need to adhere to their prescribed treatment plan
[21,22], and parents need to support treatment recommendations

https://www.jmir.org/2022/2/e30457

[2,22]. However, suboptimal rates of adherence are commonly
reported [22-24]. For example, a literature review of children
and young people with chronic rheumatoid disease reported
medication adherence rates as low as 38% and physical activity
adherence rates of 40%, particularly during adolescence [22].
The primary reasons included the complexities of chronic
disease management and medi cation schedul es, time-consuming
nonpharmacol ogical treatments, lack of disease knowledge, and
low satisfaction with the health care team [22]. These reasons
are not surprising, as a recent systematic review identified 70
studiesin which health information wasinappropriately tailored
to children and young people and their parents’ level of health
literacy, increasing their concerns and uncertainties about their
condition, treatment options, and shared care decisions [25].

For JIA specifically, further reasons for nonadherence vary
acrosstreatment modalities[24] asfollows: for oral medications,
forgetfulness, taste, and long-term side-effects; for parenteral
medications (injectables and infusions), pain and side-effects;
and for physical and occupational therapy, forgetfulness, pain,
and therapy not being considered necessary [24]. Fortunately,
all these reasons are modifiable.

To uphold the expectations of rheumatology care, children and
young people should be empowered to take an active role in
their disease management by being provided opportunities to
improvetheir health literacy and devel op good self-management
skills [2,10,25], particularly when considering the long-term
benefits these skills will have across their life span. The
development of self-management skills is also important as
parents only hold a surrogate role in children’s and young
peopl€e's health care decisions; therefore, children and young
people need to be prepared for their transition from pediatric to
adult health care services [26].

A resource-efficient way of supplementing JJA management
and the development of self-management skills could be to
harness the burgeoning eHealth and maobile health (mHealth)
interventions [27]. eHealth is described by the World Health
Organization as an activity that delivers heath-related
information, resources, and services through electronic
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technology and the internet [28]. mHealth is described as a
subbranch of eHealth [28] that uses wireless technology to
rapidly uptake, process, and communicate information to support
health system efficiency and patient outcomes [29].

The number of studies exploring the potential of eHealth and
mHealth interventionsfor chronic disease management israpidly
increasing. However, most are dtill at an early stage of
development and are limited in their scientific rigor [30-35];
most have been conducted with adults rather than children and
young people [31,35], which is interesting, considering that
children and young people are experienced users of this form
of technology and more likely to use a digital intervention or
health app [36-38]. In fact, arecent systematic review identified
that children and young people use the internet for at least 1 to
4 hours a day (9438/10,974, 86%) [37] and some type of app
every day (719/719, 100%) [39]. Higher rates of use have also
been reported for children and young people living with JA
who areat risk of poor psychosocial functioning compared with
their peers (>1 hour aday) [36].

However, concerns have been raised about how children and
young people use the internet [37,40]. Studies have established
that children and young people have poor internet-searching
skills, tend to use a 1-word search strategy, briefly skim through
search-engine result pages [40], and lack the ability to appraise
quality [33,36]. This limits their capacity to find high-quality,
personally relevant health information and potentially exposes
them to incorrect material [36] or resultsin them turning to apps
and platforms not specifically developed as health resources
such as YouTube, Tumblr, and Instagram [41].

Johnson et a [36] believe that for pediatric services to better
support the needs of children and young people living with
chronic illness, they need to be provided with accessible,
developmentally appropriate, and high-quality health-related
information. Children and young people with JA (n=134)
agreed, particularly those with low health-related quality of life
(HRQoL), expressing an interest in being provided with
supportive internet-based interventions [36]. In addition,
children and young people participating in feasibility and
usability studiesand reporting on the delivery of health messages
[42], exercise programs[43], symptom monitoring [44,45], and
disease management [35,36,44] have a so reported high levels
of acceptability [42-44)], usefulness [35], and satisfaction [43]
when using these interventions. However, personal, technical,
and device-related barriers have also been identified, which
hinder their use [46]. Understandably, before a health care
professional can prescribe a digital intervention, it has been
suggested that they need at least 3 published papers
demonstrating the intervention’s effectiveness [47] to see
whether the intervention worksin areal-world setting [48].

Definition of Children and Young People

Internationally, pediatric services cater to children aged 0to 12
years[49], and adolescents up to the age of 18 years (mean 18.7,
SD 2.6 years), beforethey aretransferred to adult services[50].
In this review, we use the term “ children and young people” to
broadly include all individualsin the agerange of 1to 18 years.
We exclude neonates and infants (<1 year) [51].

https://www.jmir.org/2022/2/e30457
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Aim and Rationale

This systematic review aims to identify what eHeath and
mHealth interventions have proven to be effective in supporting
health outcomesfor children and young people (aged 1-18 years)
living with JA. We anticipate that this review may aid the
clinical use of eHealth and mHealth interventions and their
integration in arthritis management.

Methods

Overview

This systematic review complies with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines[52]. Before commencement of thisreview, aprotocol
for this review was registered on PROSPERO
(CRD42018108985) [53]. Protocol questions 1, 2, and 4 were
presented in a previous study [46], whereas question 3 is
presented in this review [53]:

1. What typesof eHealth and mHealth interventions have been
used to investigate the health care of children and young
people diagnosed with JJA?

2. What isthe usability of eHealth and mHealth interventions
for children and young people diagnosed with JIA?

3. What eHealth and mHealth interventions have proven to
be effectivein hel ping children and young people diagnosed
with JA?

4. Are the existing eHealth and mHealth interventions
cost-effective for pediatric rheumatology?

Eligibility Criteria
Search Strategy

The search terms in this review were developed by SB after
initially searching the Nationa Center for Biotechnology
Information Medical Subject Heading terms (Multimedia
Appendix 1) [54]. The search terms were adapted to suit 15
health databases with the aim of gaining a broad range of
interdisciplinary literature. These databasesincluded MEDLINE
or PubMed, Cochrane Library, JoannaBriggsInstitute, AMED,
CINAHL complete, Embase, JAMA, Informit Health, ProQuest
database, PsycINFO, IEEE Xplore, SAGE Publishing,
ScienceDirect, Scopus, and Web of Science. The search was
conducted in October 2018 and July 2021 and was not restricted
by language or year of publication to ensure the inclusion of all
relevant studies. Further studies were retrieved from Google
Scholar and IMIR and by hand searching reference lists.

Studies retrieved by the search strategy were exported to the
web-based platform Covidence [55]. This allowed 2 authors
(SB and AC) to independently review titles and abstracts—and
then the full-text versions—against the inclusion and exclusion
criteria via individual log-ins (Multimedia Appendix 2). The
authorship and results of the studies were not masked. Any
disagreements that arose were resolved through discussions
between SB and AC.

Risk of Bias

The Downsand Black [56] (modified) checklist for randomized
and nonrandomized studies was used to appraise study quality
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[57]. Independently, 2 authors (SB and AF) rated 5 main
assessment areas—the reporting, external validity, internal
validity based on bias, internal validity based on cofounding
and selection bias, and power—to provide an overall score out
of 28. A score of 24 to 28 was graded excellent, 19 to 23 was
graded good, 14 to 18 was graded fair, and <14 was graded poor
[57]. Any disagreements between SB and AF in these ratings
were resolved through discussion and re-examination of the
study.

Summary Measures and Synthesis

To assist with data collection, adata spreadsheet was devel oped
using Microsoft Excel to organize the data. Data collection
included study characteristics, population, eHealth and mHealth
interventions, outcome measurements, and study findings. Data
collection was completed by 1 author (SB) and checked by all
authors. A narrative synthesis method was used for
methodological heterogeneity to identify and present common
statistical descriptions [58]. All results were interpreted within
the context of each study against the total number of studies
and the considered risk of bias.

Where possible, dataoutcomesfrom similar studieswere pooled,
and a meta-analysis was performed to allow the comparison of
an intervention group (1G) with acontrol group (CG). Baseline
(time point 1) and end-of-study scores (time point 2) were
entered into Review Manager software (RevMan version 5.4)
to determine standardized mean differences (SMDs) and 95%
Cls [59]. Forest plots were established using continuous data
and a random-effects model because of the anticipated effect

Butler et al

of clinical heterogeneity and to provide a summary of the
distribution of effect [60]. A subanalysiswas also conducted to
reduce statistical heterogeneity. For the studies examining the
same intervention and same fixed parameter, continuous data
and arandom-effects model were used to consider the common
effect of the intervention [61].

Finally, conclusions were drawn by visually inspecting forest
plots and interpreting SMDs using the Hedge (adjusted) g. An
effect size of 0.2 was considered small, 0.5 was considered
medium, and 0.8 was considered large [62]. The presence of
heterogeneity was also considered using 1%(1°=100%xQ
[chi-square]—-df). A variation of 25% was reported aslow, 50%
was reported as moderate, and 75% was reported as high [63].
A P value of <.05 was considered statistically significant [64].

Results

Study Selection

The database search retrieved 301 studies. Of the 301 studies,
90 (29.9%) were duplicates; 145 (48.2%) did not meet the
inclusion criteriabased on their title or abstract; and 51 (16.9%)
were excluded in the full-text screening because of study design,
population, age range, outcomes, or theinability to gain thefull
text (eg, abstract only, conference presentations, and posters).
Approximately 5% (15/301) of studiesmet theinclusion criteria
to be introduced into this review (Figure 1) [65-79]. Of the 15
studies, only 1 (7%) was retrieved in a language other than
English (Dutch), and an English version of the same study was
attained through ResearchGate [72].

Figure 1. Summary of the study selection process using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow

diagram.

301 references and abstracts
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Overview

The 15 studies included in this review were conducted in four
countries: Canada[69,70,73-79], the Netherlands[65,67,68,72],
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the United States [66], and the United Kingdom [71]. These
studies were published between 2008 and 2021 (Table 1)
[65-79].
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Table 1. Characteristics of the 15 studies showing population, intervention, control, outcomes, and study design.

First author and Population (N) Intervention Control (n) Outcomes Study design Dropout
country and age range or (n)
mean (SD; years)
Armbrust et al 49; 8.7-10.8 Rheumates@Work 212 Physical activity (effective- Multicenter observer ¢
[65], the Nether- ness) blinded RCT®
lands
Connelly etd [66], 289; 12-18 Teens taking charge: 1449 Sedlf-management (effective-  2-arm parallel group 248
United States managing arthritison the ness) RCT
web
Doelemanetal  72;10.6-164  EQ.5D-Y-5LfviaRue  N/AY HRQoL" monitoring to de-  Retrospectivemonocen-
[67], the Nether- ma2Go App tect disease activity (effica-  tric study
lands
cy)
Haverman et a 176; mean 11.6  ePROfile 67 HRQoL (effectiveness) and Sequential cohort study __|
[68], the Nether- (g 4.5 PR feedback (n=3)
lands
Hedleet al [69], 31;12.8-18.6 Wearable accelerometer  N/A Physical activity (feasibility) Pre- and postinterven-  ge
Canada using Misfit Flash tion design
Lallooeta [70], 60; mean 15(SD iCanCope 2gd Self-management (feasibili-  2-arm pilot parallel 128
Canada 1_7)1 ty and effectiveness) group RCT
Leeeta [71], 14; 7-16 My Pain Tracker 1lof 4rotat- Pain (effectiveness) Randomized N-of-1 0
United Kingdom ing groups? crossover trail
Lelieveld et al 33;8-12 Rheumates@Work 16 Physica activity (effective- Pilot RCT 0
[72], the Nether- ness)
lands
Stinson et a [73], 333; 12-18 Teens taking charge: 1699 Sedlf-management (effective-  2-arm parallel group 114¢
Canada managing arthritison the ness) RCT
web
Stinsonet a [74], 39; 12-17 iPeer2Peer Program 152 Self-management (feasibili- Pilot RCT o
Canada ty, usahility, and effective-
ness)
Stinsonetal [75],  70% age not €Ouch N/A Pain (feasibility) Correlational research  —
Canada available
Stinson et a [76], 101; 4-18 SUPER-KIDZ N/A Pain (efficiency) and PR Descriptivedesignand __m
Canada feedback (n=15) 2-stage Delphi tech-
nique
Stinsonetal [77], 46; 12-18 Teens taking charge: 24 Self-management (feasibili- Pilot RCT o
Canada managing arthritison the ty)
web
Stinsoneta [78], 13;9-18 eOuch N/A Pain (feasibility and usabili- Descriptive study 3n
Canada ty)
Stinsoneta [79], 112;9-17 eOuch N/A Pain (feasibility and usabili- Prospective descriptive 2
Canada ty) study

Aaitlist control.

BRCT: randomized controlled trial.
CIntention-to-treat analysis.

dactive control group.

®Excluded in final analysis.

fEQ-5D-Y-5L: EuroQol 5-dimensional youth 5-level.
9IN/A: not applicable.

PHRQoL : hedlth-related quality of life.

iData from 4 children and young people were misinterpreted in the assessment and excluded from analysis.
jAge range not available.

KpR: pediatric rheumatol ogist.

'Not provided.
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MPain assessments were completed by parentsinstead of children (n=4; 4-7 years) and, therefore, excluded from the analysis.

"Dropouts (n=3) replaced in phase 2.

Participants

A total of 1438 children and young people (range 13-333) were
included in this review [65-79]. Studies recruited children and
young people from pediatric rheumatology centers or pediatric
rheumatology departments within children’s hospitals
[65-70,72-79]; one of the studies recruited children and young
people from the Childhood Arthritis Prospective Study [71].

Approximately 93% (14/15) of the studiesreported on children
and young people characteristics [65-74,76-79]. The mean age
was 12.97 (SD 1.85) years, varying across studies between 9.7
years and 15.1 years. Most children and young people were
female (887/1237, 71.7%) compared with males (350/1237,
28.29%), ranging from 62.9%1t0 96.7% [65-74,76-79]. The JIA
subtypes were aligned with the International League for
Rheumatology criteria [80]. Across the study population, the
most common subtype of JA that was reported was
oligoarthritis, making up between 21% to 61% [65-74,76-79].
Approximately 7% (1/15) of the studies did not include these
characteristics (N=70) [75], and 27% (4/15) of studiesexcluded
the characteristics of children and young people lost during
follow-up (n=123) [73,74] or excluded from the final analysis
(n=8) [67,76]; (Multimedia Appendix 3 [65-79]).

Approximately 87% (13/15) of the studies considered disease
activity [65-70,72-74,76-79]. Reporting either the mean range
of disease (range 0.1 to 3.75) using the Physician Global
Assessment, Juvenile Arthritis Disease Activity Score or 0-10cm
Visual Analogue Scale [65,67-69,74,76-79], or the number of
children and young people with low (range 60%-82.5%) scores,
or moderate-to-high (range 17.4%-25%) scores [66,70,73], or
the number of active (87%, 13/15) and inactive cases (13%,
2/15) [72].

Approximately 20% (3/15) of studies also included feedback
from arange of pediatric rheumatology health care providers
[67,68,76]. Thisincluded PRs (n=18; range 3-15) using eHealth
interventions during consultations [68,76] or members of the
Childhood Arthritis and Rheumatol ogy Research Alliance (PRs
and allied health) replying to a survey (survey 1:115 members;
survey 2:157 members [73% replied to survey 1]) or attending
a 2-day consensus conference (20 members; pediatric pain and
rheumatol ogy experts). Childhood Arthritis and Rheumatol ogy
Research Alliance members were from the United States and
Canada [76].

I nterventions

Intotal, 10 interventionswereidentified to support children and
young people with JIA. The interventions were categorized
according to their clinica am to aign with our research
question, resulting in the formation of three themes: symptom
monitoring, physical activity promotion, and self-management
development.

https://www.jmir.org/2022/2/e30457

Theme 1. Symptom Monitoring

Approximately 33% (5/15) of studiesfocused on self-reporting
pain [71,75,76,78,79]. The interventions used included the
following:

1. My Pain Tracker, an mHealth app aimed at monitoring pain
1to 3times aday or when needed [71]

2. eOuch, a customized electronic pain diary amed at
monitoring pain 3 times aday [75,78,79]

3. SUPER-KIDZ, aweb-based assessment to self-report pain
before consultations [ 76]

Approximately 13% (2/15) of studiesfocused on self-reporting
HRQoL [67,68]. The used interventionsincluded the following:

1 EuroQol 5-dimensional youth 5-level questionnaire
(EQ-5D-Y-5L), accessed through the Reuma2Go health
app aimed at remotely identifying disease activity and the
need for treatment adjustments [67]

2. ePROfile, aweb-based assessment (Kwaliteit van levenin
kaart or quality of life map website) aimed at improving
HRQoL discussion during rheumatol ogy consultations[68]

Theme 2: Physical Activity Promotion

Approximately 20% (3/15) of studies focused on promoting
physical activity [65,69,72]. The interventions used included
the following:

1. A wearable activity tracker—using the commercially
available MisFit Flash—aimed at improving physical
activity levels (PALSs) [69]

2. Rheumates@Wbrk, a web-based behavioral and cognitive
program aimed at delivering health information related to
JA and improving PALs[65,72]

Theme 3: Self-management Devel opment

Approximately 33% (5/15) of studies aimed to develop
self-management skills[66,70,73,74,77]. Theinterventions used
included the following:

1. Teens taking charge: managing arthritis online, which is
a web-based behavioral and cognitive program aimed at
providing disease-specific information and self-management
strategies to improve health outcomes [66,73,77]

2. iCanCope, a smartphone app aimed at tracking and
improving pain self-management [70]

3. iPeer2Peer Program, aweb-based peer-mentoring program
aimed at facilitating positive role modeling and social
support through video calls [74]

The expected level of engagement with theinterventionsvaried
from a few minutes before rheumatology consultations to 17
weeks[65-79]. Of the 15 studies, 14 (93%) required the children
and young people to use the intervention at home (age range
7-18 years) [65-75,77-79], and only 1 (7%) was conducted in
aclinical setting (agerange 4-18 years) to monitor use[76]. For
amore detailed description of each intervention, see Multimedia
Appendix 4 [65-79,81].
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Comparator or Control

Approximately 53% (8/15) of studies compared a pretested
(time point 1) and posttested (time point 2) 1G (455/904, 50.3%;
range 17-144, median age 12.9, SD 2.09 years, female 322/455,
70.8%) with aCG (449/904, 49.7%; range 14-145, median age
134, SD 191 vyeas, femae 352/449, 78.4%)
[65,66,68,70,72-74,77]. Of these 8 studies, 3 (38%) compared
the IG with a CG receiving usual care (no eHealth or mHealth
input) [68,72,77], 2 (25%) used a waitlist control method to
allow al children and young people exposure to theintervention
before study completion [65,74], and 3 (38%) compared the |G
with an active CG aso receiving a digital intervention
[66,70,73].

https://www.jmir.org/2022/2/e30457
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One of the studies compared different real-time reporting
schedules across 4 groups (n=12) with a median age of 12.5
years (range 10-14 years; female 9/12, 75%) [71].

Outcomes

Study outcomes varied according to the intervention stage of
devel opment (feasibility, usability, efficiency, and effectiveness)
[65-79]. Hedlth outcomes that considered an evaluation
measurement to allow the quantitative comparison between
groups, and an effectiveness analysis, were categorized to
support the clinical aim of each intervention under the three
intervention themes: symptom monitoring, physical activity
promotion, and self-management development (Table 2).
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Table2. Formation of themes, evaluation criteria, and main outcomes supporting the delivery of the eHealth and mobile health interventionsfor juvenile

idiopathic arthritis.

Theme (interventionsaim)  Outcomes (eval uation measurement)

Theme 1. symptom monitoring

Real-time pain .

HRQoLY .

Pediatricrheumatology
feedback

Pain intensity, unpleasantness, interference using electronic VAS?5 cm [75,78,79] and RPI b [75,78,79]

Pain location and descriptors: size (severity), throb rate (intensity), and emotion, PROMIS® and Pediatric pain In-
terference Scale-Short Form [71]

PedsQLd generic inventory—and arthritis module and PCQ® and Physician Rated Disease Activity Indices [79]
Children and young people aged 4-7 years. Faces Pain Scale-Revised; children and young people aged 8-18 years:
NRSf (0-10 cm) [76], survey, and consensus conference [76]

EuroQol 5-dimensional youth 5-level questionnaire and 0-100 cm VAS (current health status)
Juvenile Arthritis Disease Activity Score with 71 joint count [67]

HRQoL communication during pediatric rheumatology consultation, number of psychologist referrals, and PR"
satisfaction [68]
Satisfaction questionnaire and 2-stage Delphi survey [76]

Theme 2: physical activity promotion

Objective measure- .
ments .

Self-reporting measure-
ments .

Functional capacity .

Disease activity .

Bruce Treadmill protocol for exercise capacity (endurance time) [65,72]
Accelerometer (Actical Phillips Respironics) for physical activity [65]

A 7-day activity diary [65,72]

3-Day Activity Recall to measure the metabolic equivalent values of activities and PROMIS [69]
PedsQoL (version 4) and pain and well-being (0-10 cm VAS); functional ability: CHAQ' [65,69]
School absenteeism, participation in physical education classes, and follow-up 3 and 12 months [65]

CHAQ [69]
Dutch version CHAQ38 [65]

Disease and medication use records [72]
Disease activity 0-10 cm VAS [65]
Physician Globa Assessment 0-10 cm or 0-100 cm VAS[69,72]

Theme 3: self-management development

Pain reduction .

HRQoL improvement

Functional capacity .

Health literacy .

Adherence to pre- .
scribed treatment

RPI [74,77]

Pain intensity [66,70,73] and interference [66,73] using an 11-point NRS (0-10) [66,70]
Tracking logs [70]

Follow-up at 3, 6, and 12 months [66,73]

PedsQL [66,70,73,74]

Juvenile Arthritis Quality of Life Questionnaire [77]

PROMIS: pediatric anxiety short form and depressive symptoms short form [66,73]
Perceived Stress Questionnaire [77]

Follow-up at 3, 6, and 12 months [66,73]

Child Activity Limitations Interview [70]

Medical Issues, Exercise, Pain, and Social Support Questionnaire [66,73,74,77]
Children’s Arthritis Self-Efficacy scale [66,73,74,77]

PCQ (behavioral and cognitive pain-coping strategies) [66,73]

Follow-up at 3, 6, and 12 months [66,73]

Child Adherence Report Questionnaire and Parent Adherence Report Questionnaire [73,77]

3/AS: visual analog scale.
PRPI: Recall Pain Inventory.

°PROMIS: Patient-Reported Outcomes Measurement |nformation System.
dPedsQL : Pediatric Quality of Life Inventory.

®PCQ: Pain Coping Questionnaire.
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'NRS: numeric rati ng scale.

9HRQoL : health-related quality of life.

PPR: pediatric rheumatol ogist.

iCHAQ: Childhood Health Assessment Questionnaire.

Study Design

Study designs included two 2-arm parallel group randomized
controlled trials (RCTs) [66,73], one 2-arm pilot parallel group
RCT [70], 1 multisite observer-blinded RCT [65], 3 pilot RCTs
[72,74,77], 1 randomized N-of-1 crossover trial [71], 1
descriptive study with 2-stage Delphi technique [76], 1
descriptive study with 2-phase testing [78], 1 prospective
descriptive study [79], 1 retrospective monocentric study [67],
1 pre- and postdesign study [69], 1 correlational study [75], and
1 sequentia cohort intervention study [68] (Table 1) [65-79].

M ethodological Quality of Studies

Using the Downs and Black [56] (modified) checklist, the
overall mean quality score of the 15 studieswas 18.87 (SD 1.92)
[65-79]. The scores ranged from 15 to 21, providing a
fair-to-good score[57] (Multimedia Appendix 5[65-79]). There
were no disagreements between SB and AF that needed to be
resolved by a third author (AC). The 2 areas in which study
quality was consistently limited were power and sampling bias;
87% (13/15) of studies had insufficient power to detect a
clinically significant effect [65,67-78], and convenience
sampling and selection bias may have prevented full
representation of the JA population [68,72,75,79]. Children
and young people were selected because of pain experience
[66,70,78]; level of disease activity [65,66,69,71,75,78,79];
unlikelihood of medication changes[69]; no other comorbidities
or cognitiveimpairments[65,66,69-71,73-75,77,79]; good visua
acuity [75,79]; no hand deformities[75,79]; reduced PALs[65];
access to a computer, tablet, or phone or the internet
[65,69,70,72,74]; and level of comprehension and ability to
speak and read English [65,66,70,73-77,79], Dutch [ 72], Spanish
[66], or French [73,77]. Methodological concerns were also
seenininternal validity because of contamination or unreliable
compliance [65-67,69-71,73,75-79].

Results of the Studies

Theme 1: Symptom Monitoring

Real-time Pain

Approximately 33% (5/15), fair-to-good—quality studiesreported
on real-time pain assessments [71,75,76,78,79]. Of these 5
studies, 3 (60%) reported on children and young people (aged
11.2-18 years) using eOuch to record their pain 3 times a day
against the three pain rating measurements: intensity,
unpleasantness, and interference [75,78,79], demonstrated a
strong correlation (r=0.71-0.74, P<.01) between these pain
measurements[79]. On average, pain scores reported were mild
to moderate, interfering mostly with walking and least with
school work, relationships with friends or family, and sleeping
[78,79]. A good-quality study demonstrated changes in
children’s and young people’s pain recordings throughout the
day (interference P<.01, stiffness P<.01, and fatigue P<.01)
and, week to week (intensity P<.01, unpleasantness P<.01,
interference P<.01, and stiffness P<.01) [79]. Predicted changes
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in pain were also seen after a joint injection (medium effect
size: 0.52-0.71); the main effect was for pain intensity [79]. A
weak effect was reported for tiredness (r=0.24-0.26) and
perceived ability to control pain (r=0.6-0.26) [79]; Multimedia
Appendix 6 [71,75,78,79]).

Of the 5 studies, a further 1 (20%) fair-quality study reporting
on the intervention SUPER-KIDZ that targeted children and
young people aged between 4 to 18 years considered the pain
dimensions that should be included in a pain assessment [76].
Using a 2-stage Delphi technique, the consensus view from
health care experts (survey 1: n=115; survey 2: n=157; 2-day
conference: n=20) concluded the inclusion of the characteristics
of pain—intensity, location, frequency, duration, and the
consequences of pain—and functional limitations[76].

Another 20% (1/5) of fair-quality studies reported on the
frequency of recording real-time pain scores using My Pain
Tracker [71]. Children and young people (aged 7-16 years)
adherence rates were higher when pain was reported once a
week (15/24, 63%) compared with when pain was reported once
a day (85/168, 50.6%) or twice a day (127/336, 37.8%) or as
and when pain was experienced (range 0-7 reports) [71]. There
were no significant differences in pain interference scores
because of reporting frequency (P=.77) or the different time
points (weeks) across the study (r=-.004; P=.68). The children
and young peopl e qualitative results reported that they preferred
onceaday or asand when (6/14, 43%) reporting schedules[71]
(Multimedia Appendix 6).

Real-timePain Assessments Ver sus Recall Pain Assessments

Of the 5 red-time pain assessment studies, 3 (60%)
fair-to-good—quality studies considered the correlation between
eOuch real-time pain recordings and the Recall Pain Inventory
short form[75,78,79]. For CPY (aged 11.2-18 years), amoderate
to strong correlation (r=0.49-0.84) was reported between the
real-time pain recordings and recall pain recordings (P<.01)
[79], and the magnitude of changes in pain did not differ
significantly when pain was defined as >0/100 or >0/30.
However, when pain was defined as >0/10, there was weak
within-person consistency, resulting in an 8% variance and a
moderate association between the 2 assessments[ 75]. Thesame
study also reported computed changes in pain (P=.02) against
the judged assessment of pain (P=.004), finding both to be
significantly similar, although the Recall Pain Inventory was
higher and predictable [75]. Recall pain assessment
measurementswere mostly influenced by the children and young
people peak pain score and the last real-time pain score. This
finding appeared to be clinically significant (Multimedia
Appendix 6).

Real-time Pain Scores Ver sus Other Commonly Used
Pediatric Assessments

Of the 5 red-time pain studies, 1 (20%) fair-quality study
compared real-time pain scores, using eOuch, with other
pediatric tools (Pediatric Quality of Life Inventory [PedsQL]
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Generic Inventory, PedsQL Arthritis Module, and Pain Coping
Questionnaire). For children and young people (aged 9-17
years), aweak to moderate correlation (r=0.02-0.64) was seen,
highlighting differencesin the assessment tools, suggesting the
need for specific pediatric pain assessments (Multimedia
Appendix 6).

HRQoL Assessment Versus Disease Activity Assessment

Of the 15 studies, 1 (7%) good-quality study compared children
and young peopl e (aged 10.6-16.4 years) self-reporting HRQoL
at home, using the EQ-5D-Y-5L assessment, with the commonly
used clinical caretool Juvenile Arthritis Disease Activity Score
with 71 joint count, which was completed by the PR during
consultation to measure disease activity [67]. The HRQoL
assessment (EQ-5D-Y-5L sum score) across al 5 levels
(mobility, self-care, daily activities, pain or discomfort, and
anxiety or depression) displayed satisfactory diagnostic accuracy
(87%; 95% Cl 76-94; P<.001), sensitivity (85%), specificity
(89%), and predictive values (positive 88% and negative 86%)
in identifying moderate to high disease activity [67]. This
suggests that disease activity would not have been missed
through remote monitoring of HRQoL, and treatment
adjustments based on the current-to-treat guidelines (>1.5 for
oligoarthritisand >2.5 for polyarthritis) could be applied [67].

PR’s Feedback

Of the 15 studies, 1 (7%) good-quality study compared the
preferred method of reviewing pain assessments by PRs (11/15,
73% female; 10/15, 67% practicing >10 years) [76].
SUPERKIDZ pain assessments were completed by children and
young people (aged 4-18 years; with no help from parents)
before the PR consultation using three different methods. a
laptop or computer, a multimedia player, and a paper-based
assessment. PRs (10/15, 67%) reported the electronic
assessments to be more time efficient (P=.02) than the
paper-based assessment and would recommend the use of
web-based pain summaries to colleagues (9/15, 60%). There
were no differences reported in developing pain management
plans (10/15, 67%) [76].

Of the 15 studies, 1 (7%) fair-quality study reported onthe PR’s
review of the web-based HRQoL assessment, ePROfile, during
consultation [68]. PRs (n=5) reviewed 176 children and young
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people (mean 11.6, SD 4.5 years) tabulated answers and were
satisfied with the care they provided for the IG compared with
the care they provided for the CG, particularly in the areas of
emotional support (first consultation [time point 1] P<.01 and
second consultation [time point 2] P<.001) and meeting children
and young people needs (time point 1 and time point 2 P<.001).
PR satisfaction increased dightly in the second consultation
compared with that of the first. PR evaluations reported
ePROfile as useful (time point 1: 97/102, 95%; time point 2:
64/64, 100%), and the number of referralsincreased (time point
1=9.2% and time point 2=4.3%) compared with the CG (3%).
These results were not significant [68]. Parents also evaluated
ePROfile as useful (time point 1: 57/65, 88%; time point 2:
37/46, 80%); however, parent satisfaction did not differ between
the G and CG, and children and young people (mean age 11.6,
SD 4.5 years) reported the consultation as normal (time point
1: 47/48, 98%; time point 2 29/35, 83%). ePROfile was
considered by the study authors as an efficient medium for
monitoring HRQoL and was implemented in clinical use after
the study [68].

Theme 2: Physical Activity Promotion

Overview

Approximately 20% (3/15) of the fair-to-good—quality studies
considered the interventions' effect on physical activity of
children and young people [65,69,72]. Of these 3 studies, 1
(33%) fair-quality study reported on children and young people
(aged 12.8-18.6 years) wearing an activity tracker, Misfit Flash,
daily for 28 days. No significant differences in PALs were
recorded [69].

The other 67% (2/3) good-quality studies reporting on children
and young people (aged 8.7-12 years) who used the intervention
Rheumates@Work were pooled in a meta-analysis [65,72].
Overal, amoderate effect (SMD 0.60, 95% CI 0.02-1.18, P=.40)
was seen in physical activity (endurance time, PAL, and
moderate to vigorous physical activity [MVPA]). However,
there was high statistical heterogeneity between the studies

(1>=79%), suggesting a 79% variance across the studies,
reducing confidence in these results (Figure 2) [65,72]. No
changes were reported for pain intensity, disease activity, or
functional ability [65,69].
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Figure 2. Effectiveness of Rheumates@Work on the promotion of physical activity for juvenile idiopathic arthritis (aged 8-12 years). MVPA:

moderate-to-vigorous physical activity; PAL: physical activity level.

Intervention Control Standardized mean Standardized mean
Study or difference difference
subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Endurance time measured by Bruce Treadmill in seconds
Armbrust 2017 582 21.25 28 513 45 21 16.1%  2.03(1.32, 2.73) ——
Lelieveld 2010 605 64 17 603 83 16 16.4%  0.03(-0.66,0.71) ——
Subtotal (95% Cl) 45 37 325%  1.03(-0.94,2.99) i
Heterogeneity: Tau-square=1.88, Chi-square=16.00, df=1 (P<.0001); ’=94%
Test for overall effect: Z=1.02 (P=.31)
PAL measured by exercise diary in minutes
Armbrust 2017 163 0.07 28 162 068 21 17.6%  0.02(-0.54,0.59) —
Lelieveld 2010 1.89 016 17 1.76 0.17 16 16.1%  0.77(0.06, 1.48) —_—
Subtotal (95% CI) 45 37 33.7%  0.36 (-0.37, 1.09) -
Heterogeneity: Tau-square=0.17, Chi-square=2.60, df=1 (P=.11); I’=62%
Test for overall effect: Z=0.98 (P=.33)
MVPA measured by exercise diary in minutes
Armbrust 2017 132 1.09 28 107 034 21 17.6%  0.29(-0.28,0.86) T
Lelieveld 2010 2.3 1.04 17 1.77 0.79 16 16.2%  0.56(-0.14, 1.26) e
Subtotal (95% C1) 45 37 33.8%  0.40 (-0.05, 0.84) >
Heterogeneity: Tau-square=0.00, Chi-square=0.35, df=1 (P=.56); 12=0%
Test for overall effect: Z=1.76 (P=.08)
Total (95% C1) 135 111 100.0% 0.60 (0.02, 1.18) >
Heterogeneity: Tau-square=0.41, Chi-square=23.71, df=5 (P=.0002); ’=79%

Test for overall effect: 2=2.04 (P=.04)
Test for subgroup differences: Chi-square=0.40, df=2 (P=.82); I’=0%

_Ll _L_J I‘I 2 l:i
Favours control Favours intervention

Seasonal | ntervention Effect

Of the 3 studies considering physical activity promotion, 1
(33%) good-quality study, Rheumates@Work, reported a
seasonal intervention effect after comparing a winter 1G to a
summer 1G. For the winter 1G, a 24-minute reduction in rest
was recorded using an accelerometer (Actical Phillips
Respironics). This result was significant (P=.05) [65].

Follow-up

Of the 3 studies considering physical activity promotion, only
1 (33%) good-quality study, Rheumates@Work, considered
follow-up after the study period [65]. At 3 months, for the |G,
children’s and young peoples (aged 8.7-18 years) physical
activity (endurance time and PAL) continued to improve, and
by 12 months, it declined. However, thisreduction did not reach
the preintervention levels. Positive improvements were also
reported for educationa participation. At 3 months, school
absenteeism decreased from 43% to 14% (P=.02) inthe |G and
increased from 24% to 29% (P=.60) in the CG. Children'sand
young peoples’ participation in physical education classes also
improved in the |G group, from 57% to 71% (P<.01) and from
62% to 67% in the CG (P=.01). However, these differences
were not statistically significant [65].
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Theme 3: Self-management Devel opment

Overview

Approximately 33% (5/15) of fair-to-good quality studies
assessed the hedth-related benefits of self-management
development [66,70,73,74,77].

Pain Reduction

Of the 5 studies promoting self-management, all (100%)
fair-to-good—quality studies monitored for changes in pain
because of theintervention [66,70,73,74,77]. Of these 5 studies,
1 (20%) fair-quality study reported on children and young people
(mean age 12, SD 1.7 years) using iCanCope [70]. The IG
received a pain monitoring and self-management program, and
the CG received pain monitoring only. Both groups reported a
reduction in pain intensity (IG: 1.73-point reduction; CG:
1.09-point reduction), using a 0 to 10 numerical rating scale.
These results were not statistically significant (P=.24) [70].

Of the 5 studies, 4 (80%) good-quality studies (children and
young peopl e aged 8-18 years) reporting on Teenstaking charge
and the iPeer2Peer Program were pooled for a meta-analysis
[66,73,74,77]. A small postintervention effect was seen in the
IG compared with the CG in reducing pain intensity (SMD
-0.14, 95% Cl -0.43 to 0.15; 1°=53%; P=.33). However, these
resultswere not statistically significant, and moderate statistical
heterogeneity was seen between the studies (Figure 3)
[66,73,74,77]. No effect was seen on pain interference (Figure
4) [66,73].
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Figure 3. Effectiveness of self-management programs in reducing pain intensity for children and young people (aged 12-18 years) with juvenile

idiopathic arthritis.

Intervention Control Standardized mean Standardized mean
difference difference

Study or Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
subgroup
Teens taking charge: managing arthritis online _L_
Connelly 2018 3.1 2.5 144 2.9 2.5 145 38.6% 0.08 (-0.15, 0.31)
Stinson 2010 217 1.24 22 3.47 212 24 16.1%  -0.71(-1.31,-0.12) —_—
Stinson 2020 2.28 2.06 67 2.64 2.5 106 32.5% -0.15 (-0.46, 0.15) —a-
Subtotal [95% CI) 233 275 87.1% -0.17 [-0.53, 0.18) S g
Heterogeneity: Tau-square=0.06, Chi-square=6.35, df=2 (P=.04); 1°=68%
Test for overall effect: Z=0.95 (P=.34)
iPeer2Peer Program
Stimson 2016 2.06 1.83 18 2.21 1.97 14 12.9% -0.08 (-0.78, 0.62) S
Subtotal [95% Cl) 18 14  12.9%  -0.08 (-0.78, 0.62) i
Heterogeneity: Mot applicable
Test for overall effect: 7=0.22 (P=.83)
Total (95% C1) 251 289  100.0% -0.14 (-0.43, 0.15) q
Heterogeneity: Tau-sguare=0.04, Chi-square=6.35, df=3 (P=.10); 1*=53% -I? _.‘1 5 ;l. il

Test for overall effect: Z=0.97 (P=0.33)
Test for subgroup differences: Chi-square=0.06, df=1 (P=.81); I*'=0%

Decreased pain Increased pain

Figure4. Effectivenessof Teenstaking chargeintervention in reducing paininterference for children and young people (aged 12-18 years) with juvenile

idiopathic arthritis.

Intervention Control Standardized mean Standardized mean
difference difference

Study or Mean SD Total Mean 5D Total Weight IV, Fixed, 95% Cl1 IV, Fixed, 95% CI
subgroup
Teens taking charge: managing arthritis online
Connelly 2019 2.2 2.4 144 1.7 2.2 145 54.8% 0.50 (-0.03, 1.03)
Stinson 2020 1.2 1.7 67 1.8 2.2 106 45.2% -0.60 (-1.18, -0.02)
Total (95% C1) 211 251 100.0%  0.00 (-0.39, 0.40)

Heterogeneity: Chi-square=7.46, df=1 (P=.006); ’=87%
Test for overall effect: Z=0.01 (P=.99)

35 ] 0 t 3

Favours intervention Favours control

HRQoL Improvements

Of the 5 studies targeting self-management development, 4
(80%) fair-to-good—quality studies considered the intervention
effect on HRQoL for the |G compared with CG (age range
8.7-18.6 years) [66,70,73,74,77]. Of these 5 studies, 4 (80%)
good-quality studies, reporting on Teens taking charge and the
i Peer 2Peer Program, were pooled for ameta-analysis. No effect
was demonstrated for HRQoL [66,73,74,77]. For Teens taking
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charge, afurther subanalysis of theindividual HRQoL domains
(problems with pain, daily activities, treatment, worry, and
communication), using the PedsQL , demonstrated asmall effect
in improving problems with pain and problems with daily
activity (SMD 0.16, 95% Cl -0.04 to 0.35; 1=0%; P=.13)
(Figure 5) [73,74]. This effect was not statistically significant.
From the study outcomes excluded from the meta-analysis, no
improvementswere seenin anxiety, depression [66,73], or stress

[77].
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Figure 5. Subanalysis of Teens taking charge intervention and the health-related quality of life domains: problems with pain and daily activities for
children and young people (aged 8.7-18 years) with juvenile idiopathic arthritis.

Intervention Control standardized mean Standardized mean
difference difference

Study or subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Problems with pain
Stinson 2016 67.36 2284 18 62.05 2853 14 8.0% 0.20 (-0.50, 0.90)
Stinson 2020 4570 2078 67 42.07 22.37 106 41.9% 0.17 (-0.14, 0.47) —u
Subtotal (95% Cl) 85 120 50.0% 0.17 (-0.11, 0.45) -
Heterogeneity: Tau-square=0.00, Chi-square=0.01, df=1 (P=93); I’=0%
Test for overall effect: Z=1.20 (P=.23)
Problems with daily activities
Stinson 2016 83.06 18.88 18 g86.79 2233 14 8.1% 0.06 (-0.64, 0.76)
Stinson 2020 67.81 11.85 67 65.66 15.10 106 42.0% 0.15 (-0.15, 0.46) R —
Subtotal (95% Cl) 85 120 50.0% 0.14 (-0.14, 0.42) s .
Heterogeneity: Tau-square=0.00, Chi-square=0.06, df=1 (P=.81); I’=0%
Test for overall effect: Z=0.97 (P=.33)
Total (95% C1) 170 240 100.0% 0.16 (-0.04, 0.35) e
Heterogeneity: Tau-square=0.00, Chi-square=0.09, df=3 (P=.99); ’=0% il Ci : Cl=5 i

Test for overall effect: 7Z=1.53 (P=.13)
Test for subgroup differences: Chi-square=0.03, df=1 (P=.87); I’=0%

Favours control Favours intervention

Follow-up

Of the 5 studies targeting self-management development, 2
(40%) good-quality studies considered follow-up after the study
period at 3, 6, and 12 months [66,73]. In the Canadian Teens
taking charge study, children and young people (aged 12-18
years) in the G retained the improvements they gained during
the study period for pain intensity and in the HRQoL domains
of problemswith pain and problemswith daily activities. These
results were not datistically significant. A significant
improvement was seen in thedomain of problemswith trestment
(P=.008) [73]. In the US Teens taking charge study, children
and young people (aged 12-18 years) in the IG and CG
continued to have a stable reduction in pain intensity and pain
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interference and improvements in HRQoL. The differences
between the |G and CG were not significant [66].

Health Literacy

Of the 5 studies targeting self-management development, 4
(80%) good-quality studies, reporting on Teens taking charge
and the iPeer2Peer Program (children and young people aged
8.7-18 years) and considering health literacy, were pooled in a
meta-analysis[66,73,74,77]. A small, nonsignificant effect was
seen in improving disease knowledge and self-efficacy (SMD
0.30, 95% CI 0.03-0.56; 12=74%; P=.03); however, confidence
in these results was reduced because of high satistical
heterogeneity (Figure 6) [66,73,74,77]. No improvementswere
seen in pain coping strategies [66,73].
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Figure 6. Effectiveness of self-management programs in improving disease knowledge and self-efficacy for children and young people (aged 12-18

years) with juvenile idiopathic arthritis.

Study or Intervention Control Standardized mean difference  Standardized mean difference
subgroup Mean SD  Total Mean SD  Total Weight 1V, Random, 95% CI IV, Random, 95% Ci
Disease knowledge results from Teens taking charge: managing arthritis online

Connelly 2019 6.3 2 144 65 23 145 17.0%  -0.09(-0.32,0.14)

Stinson 2010 6.98 1.08 22 4.16 196 24 8.5% 1.73 (1.04, 2.42) -

Stinson 2020 6.9 2.02 67 6.42 2.29 106 15.5% 0.22 (-0.09, 0.53) 1
Subtotal (95% Cl) 233 275 40.9% 0.53 (-0.19, 1.25) S
Heterogeneity: Tau-square=0.36, Chi-square=24.77, df=2 (P<00001); I’=92%

Test for overall effect: 2=1.45 (P=.15)

Disease knowledge results from iPeer2Peer Program

Stinson 2016 1405 3.01 18 129 3.09 14 8.2% 0.37(-0.34, 1.07) _

Subtotal (95% C1) 18 14 8.2%  0.37(-0.34,1.07) ——
Heterogeneity: Not applicable

Test for overall effect: 2=1.02 (P=.31)

Self-efficacy results from Teens taking charge: managing arthritis online

Connelly 2019 3.8 1 144 3.7 0.9 145 17.0% 0.10(-0.13, 0.34) de

Stinson 2010 7.47 189 22 655 275 24 10.1% 0.38(-0.20, 0.96) o I
Stinson 2020 761 21 67 696 25 106 15.5% 0.27 (-0.03, 0.58) ——
Subtotal (95% Cl) 233 275 42.5%  0.19(0.01, 0.36) »>
Heterogeneity: Tau-square=0.00, Chi-square=1.22, df=2 (P=.54); I°=0%

Test for overall effect: 2=2.07 (P=.04)

Self-efficacy results from iPeer2Peer Program

Stinson 2016 4,02 1.25 18 4 128 14 8.3% 0.02 (-0.68, 0.71) PR
Subtotal (95% Cl) 18 14 8.3% 0.02 (-0.68, 0.71) -
Heterogeneity: Not applicable

Test for overall effect: 2=0.04 (P=.97)

Total (95% Cl) 502 578 100.0% 0.30(0.03, 0.56) P
Heterogeneity: Tau-square=0.09, Chi-square=26.64, df=7 (P=.0004); ’=74% oa— b 3

Test for overall effect: Z=2.17 (P=.03)
Test for subgroup differences: Chi-square=1.32, df=3 (P=.72); I*=0%

Favours control Favours intervention

Functional Ability and Adherenceto Treatment

Of the 5 studies targeting self-management development, only
1 (20%) fair-quality study reported on functional ability. There
was no improvement in pain-related limitations (P=.65) [70].
Another 40% (2/5) of good-quality studiesreported on treatment
adherence. No improvements were reported for medication,
exercise, or splint adherence [73,77].

Adver se Events

Of the 15 studies, 3 (20%) fair-to-good—quality studiesrecorded
adverse events[65,66,69]. Teenstaking charge (agerange 12-18
years) reported the highest number of adverse events (n=72),
mostly related to infections (18/72, 25%) and arthritis-related
flares (17/72, 24%) [66]. The more serious events involved
hospitalization (9/72, 13%) or suicidal thoughts (4/72, 6%).
There was no significant difference in adverse events between
the IG and CG groups (P=.67) [66]. MisFit Flash (age range
12.8-18.6 years) aso reported illness, injury, or pain (9/28,
32%), including arthritis-related ankle and knee pain (1/28, 4%).
However, no significant difference was seen in functionality
(mean Childhood Health A ssessment Questionnaire score), pain,
or active joint count during the study [69]. Whereas
Rheumates@Work (age range 8-12 vyears) reported
arthritis-related flares, affecting more children and young people
inthe CG (2/17, 12%) compared with the |G (1/16, 6%) [65].

Dropout

Of the 15 studies, 10 (67%) studiesreported dropout rates (range
0-114) by children and young people (aged 8.7-18.6 years)
[65,66,69,70,72-74,77-79]. Dropout reasons before study
commencement included not being interested anymore
[65,66,74], early withdrawal before alocation [66,77], not
receiving allocation [65,70,77], not completing app orientation
[70Q], technical issues [77], and no show and no reason [65].
Reasons during the study period included other health problems
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[65,69], school and extracurricular activities [69,78],
discontinued use [66,74,77], did not complete final web-based
measures [77], unable to reach [66], lost to follow-up
[66,69,73,74,77,79], and removal because of lack of compliance
[74]. No comparisons were made between age or gender
[65,66,69,70,72-74,77-79].

Of the 15 studies, 7 (47%) studies reported both the |G and CG
dropout rates [65,66,70,72-74,77]. A higher dropout rate was
reported in the | G (119/455, 26.2%; range 0-76) compared with
the CG (56/449, 12.5%; range 0-56) [65,66,70,72-74,77]. The
Canadian Teenstaking charge study reported the highest dropout
rate (IG: 76/164, 46.3%; CG: 38/169, 22.5%) [73].

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst systematic review
to evaluate the effectiveness of eHealth and mHealth
interventions in supporting children and young people living
with JIA. In total, 10 interventions were identified to support
symptom monitoring, physical activity promotion, or
self-management development for children and young people
aged 4 to 18.6 years. These 10 interventions included 4 (40%)
web-based programs [65,66,68,72,73,76,77], 3 (30%) health
applications[67,70,71], 1 (10%) telecommunication application
[74], 1 electronic diary (10%) [75,78,79], and 1 (10%)
accelerometer compatible with atablet or smartphone[69]. The
methodological quality of the studies supporting these
interventions ranged from fair [68-71,75,76,78] to good
[65-67,72-74,77,79].

Theme 1: Symptom Monitoring (4-18 Years)

Pain assessment was the most common type of intervention
used to support symptom monitoring. The interventions My
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Pain Tracker and eOuch aimed to capture real-time data through
children and young people self-reporting pain [71,75,78,79].
Monitoring pain is important as pain is the most frequently
reported symptom by children and young people living with
JA [12,82]. Pain can dramatically interfere with physical
functioning, coping mechanisms, and quality of life[12]. Stinson
et al [79], through the use of eOuch pain diaries, demonstrated
a correlation between pain intensity and the impact pain can
have on emotional well-being (unpleasantness) and activities
of daily living (interference), reinforcing the need for ongoing
comprehensive pain monitoring, which could allow the health
care team to make timely recommendations and prevent poor
health outcomes [83-85].

However, there is no consensus on the required number of
real-time assessments, per day or week [71,86,87], to ensure
the collection of high-quality data and avoid the burden of
momentary reporting [71]. Instead, a large variation, ranging
from 2to 9timesaday for children and young peopl e, has been
seen [87]. In thisreview, real-time pain monitoring ranged from
1to 3timesaday [71,75,78,79] or when needed [71]. Leeet a
[71], through My Pain Tracker, compared these reporting
frequencies, finding that children and young people preferred
once-a-week or when-needed pain assessmentsto avoid thinking
about their pain. Although more details in pain data were
collected from once-a-day reporting, and, for some children and
young people, adherence to once-a-day reporting was easy as
it became aroutine [71], more research is needed on reporting
frequencies.

Real-time pain monitoring also exposed differences between
real-time pain and recall pain assessments [75]. Recall pain
measurements were higher and predictive compared with
average real-time pain measurements, influenced by the
children’s and young peoples most intense pain and last pain
score [75]. This is known as recall bias or peak-end effect
[75,88]. This nonequivalence between red-time pan
assessments and recall pain assessments adds significance to
previous research by Stone et a [88], highlighting
methodological concerns around relying on retrospective pain
assessments, especially when considering the length between
rheumatology appointments.

Longitudinal variances were also seen between real-time and
recall pain monitoring [75]. Stinson et al [75] and Stone et al
[88] both demonstrated a weak correlation with within-person
datawhen pain was defined as>0/10, which isthe most common
pediatric pain scale. Thissuggeststhat real-time and recall pain
assessments cannot be compared or used interchangeably when
assessing long-term changesin pediatric pain [ 75]. Considering
that thelength of the studiesin thisreview wasonly 2 to 8 weeks
[71,75,78,79], further research on the longitudinal effects of
real-time pain monitoring is needed.

The use of real-time symptom monitoring for children and young
peopleisalso supported by previouswork in reducing the recall
time to days, hours, or minutes [87], and importantly, a recent
systematic review, reporting on real-time monitoring using
mobile technology, suggests that it can be successfully
implemented from the age of 7 years[87]. In addition, a study
considering adults with chronic illnesses supports real-time

https://www.jmir.org/2022/2/e30457

Butler et al

monitoring for the identification of exacerbations, confidence
in self-management, and prevention of hospital admissions[89].
In this review, the intervention EQ-5D-Y-5L endorsed this
finding, as remote HRQoL monitoring identified, with
satisfactory diagnostic accuracy (P<.001), moderate to high
levels of disease activity, promoting the need for adjustments
with prescribed treatments and rheumatology consultation
frequency [67]. Further research is now needed on this
web-based PR— children and young people interaction and the
impact remote monitoring may have on safety [67,90].

Inthisreview, 13% (2/15) of studies reported positive feedback
from PRs after they reviewed web-based assessments during
consultation [68,76]. PRs reported that SUPER-KIDZ pain
assessments increased time efficiency compared with a
paper-based assessment [76]. However, ePROfile increased PR
satisfaction with the care they provided as the HRQoL
discussion improved and the number of psychological referrals
increased [68]. Although these findings were not significant,
reviewing pain and HRQoL during consultation isimportant as
children and young people with JA have significantly lower
HRQoL compared with that of healthy children and young
people, and children aged 8 to 12 years with JIA have lower
HRQoL than that of children with other chronic health
conditions [9].

Interestingly, the use of web-based portalsin adult rheumatol ogy
has been long standing. The Feed Forward System, for example,
used in Sweden generates a patient’s progress over aperiod and
has been successfully used to guide health care provider
recommendations and aid the development of patient
self-management skills[91].

For JIA, feasibility studies considering web-based portals also
support their use, reporting that this form of technology can
increase children’sand young peoples (aged 5-22 years) feeling
of control [92,93].

Regrettably, parents and children and young people did not
report the same level of satisfaction with the ePROfile
consultation as PRs [68]. Haverman et al [68] suggest that this
may be asthey are already happy with the quality of their care.
Nonetheless, many factors that can influence children’'s and
young peoples’ opinions on digital assessments need to be
considered. First, they can be influenced by the assessment
experience; they need graphical and tailored feedback to
encapsulatetheir resultsand catch their interest [94]. In addition,
children and young people may not value and understand the
importance of monitoring symptoms, disease, and general
well-being (mood, fatigue, and functional ability) [44,95] or
the need for a person-centered framework that builds
partnerships between families and health care teams [92].
Further research on the use of web-based portals for children
and young people is needed.

Theme 2: Physical Activity Promotion (8-18.6 Years)

In this review, 20% (2/10) of interventions, Rheumates@Work
and the wearable activity tracker, Misfit Flash, aimed at
improving self-management behavior by promoting physical
activity for children and young people (aged 8-18.6 years)
[65,69,72]. Of these 2 interventions, only 1 (50%)
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Rheumates@Work, demonstrated a moderate but clinically
meaningful effect on physical activity, improving endurance
time, PAL, and MVPA for children and young people (aged
8-12 years) [65,72]. This finding is important as children and
young people with JIA are less physicaly active [96,97] and
spend more time in sedentary activities than their peers [96].
Improving physical activities helps to retain musculoskeletal
function, muscle strength, and functional capacity [98].

In addition, increased physical activity did not exacerbate
disease activity or paininthe |G compared with the CG [65,69].
In fact, no significant difference was reported [65,69], and
absenteeism from school decreased [65]. These findings are
encouraging, especially considering the related impact JIA can
have on reducing academic performance, as depicted by Bouaddi
et a [99] and Laila et al [100]. Although these findings are
limited, they will add to the growing body of evidence reporting
that exercise therapy is well-tolerated by children and young
people with JA [98,101,102], further supporting physical
activity as a helpful and necessary treatment modality,
improving adherence [24,103].

Theme3: Self-management Development (8-18 Years)

In this review, 30% (3/10) of interventions—iCanCope [70],
Teens taking charge [66,73,77], and the iPeer2Peer program
[74]—supported self-management development for children
and young people (aged 8-18 years). These interventions
(including Rheumates@Work [65]) are typical behavior change
technique interventions used for children and young people
[31]. They support self-management through the development
of disease-specific knowledge, goa setting, self-management
strategies, and socia support [66,70,73,74,77].

In this review, identified in the meta-analysis, children and
young people participating in the self-management programs
Teens taking charge and iPeer2Peer Program reported a small
but nonsignificant improvement in pain intensity, disease
knowledge, and self-efficacy scores[66,73,77]. However, high
statistical heterogeneity was also seen within the results. This
may be because of several reasons. First, arange of comparators
was used for the CG. For example, in 2 of the 3 Teens taking
charge studies, the |G was compared with an active CG rather
than usual care. The CG aso received an eHealth intervention
12 publicly available health education websites with phone
support to support care. Improvements were then seen in both
thelG and CG, reducing the mean difference between the groups
[66]. Most digital studies primarily focuson asingleintervention
to demonstrate the intervention effect rather than comparing
different digital interventions. However, it is this direct
comparison that can reveal amore effective intervention [104].
The CG's intervention, the use of health care workers
signposting quality health education websites to support
self-management skills[105,106] and improve well-being [107],
is supported in the literature. Therefore, acknowledging the
improvements seen in the CG isimportant, asthe use of publicly
available websites can be a cost-effective solution for dissipating
health information among the masses to support the delivery of
health care [28]. For example, a study of adults living with
chronic pain (n=20; aged 18-74 years) explained that if they
had been provided with quality pain-related information, it
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might have prevented the desperation and anxiety they
experienced, especially during the first few years[107].

Another explanation for the moderate to high dstatistical
heterogeneity may have been that the studies were conducted
in different countries, within different health care delivery
systems, with different levels of pre-existing support [73].
Differences exist with the pediatric rheumatology workforce
worldwide[7,13-18] and within publicly funded and self-funded
health care systems [108,109]. Differences also exist in PRS
opinions on pediatric self-management and the use of an
interdisciplinary approach to care [108]. Successful publicly
availabledigital interventions may be a solution to transcending
these boundaries and universally improving access to care
[28,106].  Further = comparisons  between  different
self-management interventions is needed, especially when
considering the dropout rates in this review, which, for the
self-management  programs, were higher in the IG
[65,66,70,73,74]. These dropout patternswere similar to arecent
systematic review predicting dropout rates in adults, with
dropouts occurring at the beginning and over the course of the
intervention [110].

There may also be no one-size-fits-all intervention, or there may
be aneed for a combination of interventions. For example, the
iCanCope pain self-management application combined 2
interventions (real-time pain monitoring and self-management)
and then compared this combination to standalone pain
monitoring. This combination demonstrated a greater decrease
in pain intensity scores (>1 point, 0-10 on the numerical rating
scale) [70]. Although this finding was not significant, the
inclusion of self-management programs could be clinically
beneficial. Improving and providing effective educational
interventions early in childhood should be when children and
young people are beginning to develop their health behaviors
[23]. Studies have shown that ahigh level of health literacy can
support informed decision-making [111-113]; treatment
adherence, especially for nonmedication interventions [113];
and the prevention of chronic health-related problems [22].

Unfortunately, not all the results of this review are promising.
Across the studies, the interventions had no effect on pain
interference [66,73], HRQoL [65,66,69,70,73,74,77], anxiety,
depression, pain coping [66,73], disease activity [69,72],
functional ability [65,69,70], or treatment adherence [73,77].
In addition, only 20% (3/15) of studies considered long-term
follow-up [65,66,73]. More research is needed to gain wider
health-related benefits.

Limitations

It is essentia that severa limitations are considered when
interpreting the findings of thisreview. First, our search strategy
was restricted to an academic context, using eHeath
electronically indexed hedth databases that publish
peer-reviewed journals, rather than apps within commercial
stores. This means that our results may not provide a true
reflection of the health apps available for JIA. This decision
was based on the commonly reported shortcomings of health
apps availableto the general public that arerelated to data saf ety
and lack of rigorous testing [114].
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Second, the selection criteriain this review deviated from our
systematic review protocol [53]. In the protocol, we outlined
that the comparator or CG was to receive usua care, with no
eHealth or mHealth input. Instead, we included 13% (2/15) of
studies comparing an eHealth intervention to another digital
intervention [66,73], as a preliminary pilot study of this
intervention met our inclusion criteria to be included in this
review [77]. This decision enabled us to provide the most
up-to-date evidence for thisintervention.

Third, our findingsin thisreview supporting the use of real-time
monitoring and web-based assessments were based on
descriptive summaries. The use of a narrative, descriptive
methodology to summarize, synthesize, and report the results
is at risk of reporting bias. To reduce this risk, all authors
internally reviewed all the stages of this review.

In addition, there were methodological concerns in the data
reported by some studies because of performance bias. It was
not possible to blind children and young people from the
intervention, which could have resulted in a placebo effect. For
example, Rheumates@Work reported improvementsin both the
IG and CG for MVPA and participation in physical education
classes. Baseline testing may have made the CG more aware of
the need to improve their physical activities [65]. The
interventions' true effects may have also been overestimated,
as activity levels entered by children and young people in the
exercisediariesdid not match the accel erometers. Overreporting
exercise is not uncommon. Various correlations have been
reported between exercise diaries and accel erometer recordings
in the general population (r=0.52) [115]; among children and
adolescents (reliable coefficient ranges r=0.5-0.93 and validity
coefficient rangesr=0.03-0.88), with children being in the lower
range [116]; and for JA (light PAL and MVPA r<0.24; rest
and PAL r=0.41) [117]. Unexpectedly, a 4% inaccuracy has
also beenidentified in accel erometer recordingsfor JIA in light
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PAL s (effect size 1.2) because of nonwearable periods (aquatic
activities and ball games) [117]. Awareness of these possible
variations enables correction. For example, Armbrust et al [117]
recommend, for research purposes, the use of accelerometer
recordings (7-19 days) and an activity diary (>13 days). Another
feasible suggestion may be the use of wearable forms of digital
technology (ie, a smartwatch) [27]; however, more research is
needed to overcome the nonwearable periods such as contact
sports [118] or while attending school [119].

Finally, the generalizability of our findings may be limited. We
included 40% (6/15) of studieswhere severd children and young
people were categorized as unknown, not yet diagnosed, or
other (55/1438, 3.82%; range 2-37) [68,70,73,76,77,79].
Dissecting the results to target children and young people
specifically with JA was not possible (Table 2). For a
fair-quality study, which reported the highest number of children
and young people in this category (37/101, 36.6%), our data
extraction focused on the consensus view of pediatric
rheumatology providers (PRs, allied health experts, and pain
experts) rather than the children and young people [76], which
isan area of research that is currently limited.

Conclusions

Evidence that supports the inclusion of eHealth and mHealth
interventions in JJA management is on the rise; however, this
evidence needs to be considered cautiously. Confidence in the
results is reduced because of low sample size, wide Cls, high
statistical heterogeneity, and no similar effect being seen across
similar studies. More rigorous research is needed that focuses
on the longitudinal effects of real-time monitoring, web-based
PR—children and young people interactions, comparison of
self-management strategies, and the use of wearable digital
technol ogy as an objective measurement for monitoring physical
activity before any recommendationsinforming current practice
can be given.
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Abstract

Background: Hearing loss affects 1 in 5 people worldwide and is estimated to affect 1 in 4 by 2050. Treatment relies on the
accurate diagnosis of hearing loss; however, this first step is out of reach for >80% of those affected. Increasingly automated
approaches are being devel oped for self-administered digital hearing assessments without the direct involvement of professionals.

Objective: This study aims to provide an overview of digital approaches in automated and machine learning assessments of
hearing using pure-tone audiometry and to focus on the aspects related to accuracy, reliability, and time efficiency. This review
isan extension of a 2013 systematic review.

Methods: A search across the electronic databases of PubMed, |EEE, and Web of Science was conducted to identify relevant
reports from the peer-reviewed literature. Key information about each report’s scope and details was collected to assess the
commonalities among the approaches.

Results: A total of 56 reports from 2012 to June 2021 were included. From this selection, 27 unique automated approaches
were identified. Machine learning approaches require fewer trials than conventional threshol d-seeking approaches, and personal
digital devices make assessments more affordable and accessible. Validity can be enhanced using digital technologiesfor quality
surveillance, including noise monitoring and detecting inconclusive results.

Conclusions: In the past 10 years, an increasing number of automated approaches have reported similar accuracy, reliability,
and time efficiency as manual hearing assessments. New developments, including machine learning approaches, offer features,
versatility, and cost-effectiveness beyond manual audiometry. Used within identified limitations, automated assessments using
digital devices can support task-shifting, self-care, telehealth, and clinical care pathways.

(J Med Internet Res 2022;24(2):€32581) doi:10.2196/32581

KEYWORDS

audiology; automated audiometry; automatic audiometry; automation; digital health technologies; digital hearing health care;
machine learning; remote care; self-administered audiometry; self-assessment audiometry; user-operated audiometry; digital
health; hearing loss; digital hearing; digital devices; mobile phone; telehealth
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Introduction

Background

Hearing loss affects 1.5 billion persons worldwide and is
expected to increase by another billion by 2050 [1,2]. Hearing
testing isthefirst step toward appropriate and timely treatment.
Unfortunately, most persons affected with hearing loss are
unableto access hearing assessments, with lessthan one hearing
health professional for every million people in regions such as
Africa[2,3]. Increasingly automated approaches (all aspects of
the method associated with automated audiometry), including
machine learning, are being developed and made available to
provide self-administered hearing assessments. The term
automated audiometry refers to al hearing tests that are
self-administered from the point the test starts. More
specifically, in this review, we define automated audiometry as
calibrated pure-tone threshold audiometry in any setting (ie,
hearing health care, occupational health, and community
settings) that is self-administered from the point the test starts.
Machine learning refers to model-based approaches that learn
from examples (data) instead of being programmed with rules
[4]. Asthe direct involvement of professionalsis not required,
automated approaches enable health care pathways with the
potential to increase accessibility, efficiency, and scalability.
Digital (health) technologies, including apps, smartphones,
tablets, and wearables, can acquire data remotely; expand the
reach and precision of clinicians, and facilitate more
personalized hearing health care within anetwork of distributed
expertise [5,6]. Recent examples of automated hearing
assessments include clinical grade and consumer-grade
applications [7]. Genera globa health trends suggest that
increased availability of diagnostic tools could lower health
care costs and improve quality of life [8]. For example, in
Parkinson disease, remote care based on wearables provides
ecologically valid methods for monitoring and evaluating
symptoms [9,10]. In tuberculosis screening in low-resource
settings, an automated diagnosis can increase the sensitivity of
identifying persons at risk while reducing costs [11].
Self-assessment using eHealth vision tools improves access to
diagnosis and facilitates timely diagnosis, although consistent
criteria for referring to the clinical pathway and validity and
reliability of eHealth tools are till aconcern [12].

Timely detection and treatment of hearing loss are essential to
enable optimal outcomes and quality of life acrossthelife span
[2]. Untreated hearing loss restricts language development and
educational potential in children and is associated with a more
rapid cognitive decline in adults [13]. It may lead to social
isolation, lower socioeconomic status, increased socid
disparities, and decreased health, resulting in lower quality of
lifeat theindividua level and substantia costsat the community
level [14,15]. Importantly, treating hearing loss in midlife has
been identified as the largest potentially modifiable risk factor
for developing dementia in later life [16]. The globa annual
cost of untreated hearing loss is US $980 million [14]. Global
health investment models indicate a significant return on
investment in both hearing diagnosis and treatment [2]. The
capacity of the entire clinical pathway should be increased as
abottleneck loomsif the accessibility of diagnosisisincreased
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faster than the availability of affordable treatment and
rehabilitation.

Automated self-test options are important for detecting and
diagnosing hearing loss to direct timely and appropriate
treatments. The overwhelming majority of treatments are for
permanent age-rel ated and noise-induced hearing | oss; however,
asignificant portion of the popul ation requires medical treatment
for hearing loss[1]. The onset of the COVID-19 pandemic has
further emphasized the importance of self-testing approaches
[17,18]. Automation on digital devicesisapowerful enabler of
alternative diagnostic pathways that can include home-based
testing, low-touch service models outside traditional clinic
settings, and decentralized community-based models that rely
on task shifting to minimally trained facilitators [19].

Automation in hearing assessment is not a new concept and
dates back to >7 decades [20]. In recent years, it has resurged
with the convergence of digital technologies and machine
learning approaches. The primary tool for hearing assessment
is pure-tone audiometry, which describes the degree of hearing
loss relative to normal hearing, expressed in decibels hearing
level across specific frequencies (125-8000 Hz). Pure-tone
audiometry can also differentiate the type of hearing loss, that
is, sensorineural or conductive, when bone conduction and air
conduction transducers are used. Machine learning—based
threshold-seeking approaches, known as Bayesian active
learning, have demonstrated their potential to optimize
efficiency and increase the precision of automated hearing
assessments [21]. The increased efficiency comes from the
ability of these methods to target trials to those areas of the
frequency space where the estimation has the greatest
uncertainty [22,23].

Objective

In 2013, a systematic review that included 29 reports on
automated audiometry showed that automated procedures have
comparable accuracy with that of manual procedures when
performing air conduction audiometry. Although afew validated
automated proceduresthat included automated bone conduction
audiometry had been reported, machine learning—based
audiometry approaches had not been reported yet, and
approaches were rarely validated in children or hard-to-test
populations [24]. Since 2013, there has been significant work
and innovation in this area, which cals for an update and
extension of the previous review. This study aims to provide
the current status of automation and machine learning
approaches in hearing assessment using validated pure-tone
audiometry with potential indicators of accuracy, reliability,
and efficiency of these approaches.

Methods

We conducted a systematic scoping review of the peer-reviewed
literature on automated and machine learning approaches to
validate pure-tone threshold audiometry using digital
technol ogies by considering accuracy, reliability, and efficiency.
This review followed the methodological framework outlined
by Arksey and O’ Malley [25].
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I dentifying Potentially Relevant Records

A search acrossthe electronic databases of PubMed, | EEE, and
Web of Science was conducted to identify relevant reportsfrom
the peer-reviewed literature. Complementary and redundant
search terms were applied to ensure thorough coverage and
cross-checking of the search findings. In the PubM ed database,
medical subject headings and relevant keywordswere collected
to determine all records related to the study aim. Thefollowing
synonymsof, and closely related termsto, automated audiometry
wereused: automatic audiometry, self-administered audiometry,
sl f-assessment audiometry, and user-operated audiometry. The
complete set of terms and the applied search strategy are
provided in Multimedia Appendix 1. The |IEEE database is
engineering oriented, and only relevant keywords based on
audiometry were used, as it was assumed that any result in
audiometry would be highly associated with automated
audiometry. The Web of Science database is known to index
the PubM ed and | EEE databases and was explored using search
terms similar to the PubMed search. After preliminary
explorations to identify appropriate keywords, we conducted a
search on July 8, 2020, and updated it on January 12, 2021, and
July 6, 2021. The search included all reports that met the
inclusion criteria published from January 1, 2012, to June 30,
2021. The start date was chosen aswe regard this scoping review
as an extension and generalization of a previous (systematic)
review by Mahomed et a [24], which included studies up to
July 20, 2012.

Selecting Relevant Records

Reports had to meet the following three inclusion criteria: (1)
the report had to be about automated or machine learning and
pure-tone frequency-specific threshold audiometry, (2) it had
to be written in English, and (3) the automated threshold
audiometry had to be compared against the gold standard or
reasonable standard. The gold standard is defined as manual
audiometry in a sound booth according to the International
Organization for Standardization standards. Automated
audiometry also needed to be performed inside a sound booth,
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and the results needed to be compared with the gold standard.
A reasonable standard for validation was defined as either a
within-subject comparison between the gold standard and the
automated audiometry in an unconventional setting (eg, aquiet
room) or a within-subject comparison between a validated
automated audiometry approach and an experimental approach
of audiometry in the same unconventional setting.

We excluded reports on screening audiometry (eg, provided
pass or refer as an outcome) rather than threshold audiometry,
review papers, and studies reporting approaches that were not
compared with the gold or reasonable reference standard.

The first phase of screening was based on the title. If the title
indicated that content was within the scope of the research
question (ie, automated or machine learning approaches in
diagnostic hearing assessment), the report was included in the
second screening phase. In the second phase, the abstracts of
the remaining reports were assessed using the inclusion and
exclusion criteria stated earlier.

Two researchers (LP and JWW) conducted the abstract
screening. They were blinded from each other to avoid
confirmation bias. After the screening, the researchers discussed
any disagreements to reach an agreement. When in doubt, the
report was admitted to the third, full-text review phase. In this
phase, al the remaining reports were reviewed in full to
determine whether the inclusion criteria were met. As can be
seeninthe PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) flow diagram (Figure 1), the
resulting selection of reports was complemented by additional
reports. After some reports were clustered as having identical
approaches (explained in Collating Approaches, Summarizing,
and Reporting the Results), additional reports were added to
avoid missing validation data of these clustered approaches.
These additional reports were published before the inclusion
date criteria (from before January 1, 2012) or did not appear in
the search and were added based on the reference lists of the
already included reports.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the screening process.
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Extracting Data Items

A template for grading the reports was agreed upon by all the
authors (Multimedia Appendix 2 [26]). Two researchers (LP
and IWWW) independently extracted information directly relevant
to the scoping review question. In cases of disagreement, a
consensus was reached after discussion between the 2
researchers. The compulsory data fields were test frequency
and intensity range; response method; test equipment, including
the type of transducers; calibration; hardware; test quality
control; accuracy; reliability; efficiency; validation; and test
population. In the report by Mahomed et a [24], the accuracy
and reliability of manual and automated approaches
demonstrated equivalent performances. Time efficiency had
primarily been reported by comparing the testing times of
manual and automated audiometry [27-29]. The reports on
machine learning audiometry explicitly used the number of
trials or stimuli needed to converge to a certain precision (eg,
5 dB) as a performance outcome [23,29]. Therefore, we added
time efficiency as a necessary parameter. Where available,
accuracy and reliability were expressed in decibels using the
overal root mean square deviation (RMSD) between the
automated approach and the gold (or reasonable) standard. On
the basis of the study by Margolis et a [30] and the minimum
acceptable accuracy recommended by clinical guidelines [31],
RMSD values of 6 dB and 10 dB were chosen as criteria for
desired and minimal accuracy, respectively. To establish a
benchmark for an acceptable test duration, the mean testing
time for conventional manual bilateral audiometry (air 7 and
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bone 5 frequencies) was estimated (Multimedia Appendix 3
[27-29,31,34,38]). For manual bilateral air conduction, based
on the benchmark measurement times, a mean testing time of
5 to 10 minutes was considered acceptable, and for manual
bilateral air and bone conduction, 10 to 20 minutes was
considered acceptable. If testing times exceeded these ranges
by >5 minutes, the time efficiency was assessed as a potential
issue.

Data collected from the reports provided key information about
the scope and details of each report, enabling the authors to
assess commonalities between the approaches.

Collating Approaches, Summarizing, and Reporting
the Results

When multiple reports described the same underlying approach,
these reports were pooled into one approach cluster. The first
report describing an approach and subsequent studies that
validated or extended the approach were included. The name
of the approach, citations to the initia report, or common
authorships were used to cluster the reports. The grading table
was completed for each cluster separately to provide astructure
for the subseguent content analysis. In thelast part of thegrading
table, under the heading Validation Approach, all validation
studies are described together. For every approach cluster, a
key contribution to the audiological field was derived from the
associated reports. A key contributionisafinding or claim made
by the authors significant to the approach in general, stated in
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either the conclusion or the discussion section of a report in
accordance with their objective.

Results

Overview

A total of 64 reports were included in this study. Of the 64
reports, 56 (88%) were included according to the inclusion and

Wasmann et al

exclusion criteria, and 8 (13%) were added to the approach
clusters. After clustering identical approaches, 27 approach
clusters remained, including 2 that used machine learning.
Extracted data items and grading of results on approaches are
provided in Multimedia Appendix 4 [21,23,27-30,32-89]. The
specifications of the reported accuracy, reliability, and time
efficiency are described in Table 1.

Table 1. Review of the accuracy, test—retest reliability, and time efficiency for automated and machine learning audiometry approaches (2012-2021;

N=27 approach clusters).

Type of transducer Accuracy Reliability (test-retest) Time efficiency
Reported find-  Values,n  Reported find- Values,n  Reported finding Values, n
ing (%) ing (%) (%)
Air conduction (n=23 approach clusters)
RMSD%6 dg? 4 (17) RMSD<6 dB 4(17) Acceptabletesting time per (partial) audiogram 10 (43)
RMSD<10dB 7 (30) RMSD<10dB 1 (4) Acceptable testing time and number of trials 2 (9)
per audiogram
Statistical 9(39) Statistical 9(39) Acceptable testing time and number of trials 1 (4)
equivalence equivalence per frequency
No statistical 3(13) Not reported 9(39) Testing time potential burden 1(4)
equivalence
N/AC N/A N/A N/A Not reported 9(39)
Bone conduction (n=1 approach cluster)
Stetistical 1(100) Test—retest not 1 (100) Not reported 1(100)
equivalence reported
Both air and bone conduction (n=3 approach clusters)
Air conduction
RMSD<6 dB 2(67) RMSD<6 dB 1(33) Acceptable testing time per audiogram 2(67)
RMSD<10dB 1 (33) RMSD<10dB 2 (67) N/A N/A
Bone conduction
RMSD<10dB 1 (33) RMSD<6dB  1(33) N/A N/A
Statistical 2(67) Test—retest not 2 (67) N/A N/A
equivalence reported
Air and bone conduction
N/A N/A N/A N/A Acceptable testing time per audiogram 1(33)

3RMSD: root mean square deviation.
PdB: decibels.
°N/A: not applicable.

Accuracy

Accuracy is represented as a comparison against the gold
standard or reasonable standard. Most of the automated
techniques (14/27, 52%) expressed accuracy in RMSD. Other
types of analyses used average differencesand SD (10/27, 37%),
average thresholds and SD (1/27, 4%) [32], linear regression
and correlation coefficients (1/27, 4%) [33], and analysis of
variance (1/27, 4%) [34]. Thetypesof analysisused can be seen
in Multimedia Appendix 5[23,32-37,39,40,43,45,48-50,57-59,
65,67,68,70,74,77,81,83-85].
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Test—Retest Reliability

Test—retest reliability was reported for some automated and
machinelearning audiometry approaches. Of the 27 approaches,
17 (63%) did not report on test—retest reliability, and 7 (26%)
expressed it in RMSD. Other statistical methods used were
average differences and SD (6/27, 22%), Pearson product
moment correlation coefficients (2/27, 7%) [35,36], standard
of variance (1/27, 4%) [37], and repeated analysis of variance
(1/27, 4%) [34].

Test Efficiency
Of the 27 approaches, 17 (63%) reported a measure for test
efficiency based on the test duration. Test efficiency expressed

JMed Internet Res 2022 | vol. 24 | iss. 2 |€32581 | p.56
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

in testing time seems to be a standard metric, similar across
studies and defined asthetime from presenting thefirst stimulus
until the final response of the participant, expressed in seconds
or minutes. However, there were disagreement among reports
on what to include in the measurement and what groups to use
as areference. Reported time-efficiency measures included the
recorded time per frequency, recorded time per unilateral or
bilateral air conduction audiogram (between 2 and 7 frequencies)
in normal hearing or people with hearing impairment, or full
air and bone conduction audiograms in people with hearing
impairment. Of the 27 approach clusters, 13 (48%) approach
clusters reported acceptable testing times; 3 (11%) approach
clustersindicated the number of trialsin addition to the testing
timefor either abilaterally masked air audiogram [29], unilateral
air audiogram [23], or per frequency [38]; 1 (4%) approach
cluster that applied Bekesy tracking reported the testing time
but was not in the acceptable range [39]; and 10 (37%) approach
clusters did not report anything about the testing time.

Test Parameters and Specifications

All testswere self-administered from the point at which the test
started. Approximately 15% (4/27) of approaches had the option
of switching to amanual audiometry mode. Table 2 summarizes
an overview of the test parameters and specifications of the 27
approach clusters, and Table 3 highlights the key contributions.
Most of the approaches used adaptive procedures that relied
only on the previous response (here referred to as partialy
adaptive procedures).

The most common example was the (modified)
Hughson-Westlake staircase procedure (20/27, 74%), which is
based on the classical method of limits [91]. Other partially
adaptive procedures applied the method of adjustment, such as
the Bekesy tracking method [39] or the coarse-to-fine focus
algorithm [40Q]. There was a single report of an approach that
did not define the threshold-seeking method but had a built-in
protocol to alternate between ears during testing [35]. In
contrast, fully adaptive procedures used a complete set of all
previous responses. Examplesinclude Bayesian activelearning
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procedures (also referred to as machine learning audiometry;
2127, 7%) [21,23] and maximum likelihood estimation (2/27,
7%) [37,38]. All machinelearning audiometry methods applied
active Bayesian model selection, which is a type of shallow
machine learning that uses individual models. They apply
supervised learning, as every data point is labeled by the
participant [22].

Most of the approaches (20/27, 74%) used conventional
calibration according to the International Organization for
Standardization standards. Of the 27 approaches, 6 (22%) used
an unconventional calibration technique. Patel et a [32]
determined a reference equivalent threshold level for air
conduction for a specific phone-headphone combination using
manual audiometry as a reference. Masalski et al [41] used
reference levels for calibration for smartphone and transducer
combinations, collected under uncontrolled conditionsin people
with normal hearing. Other calibration techniques set the volume
of the device to 50% [42], comparing and adjusting the output
level to the input using a sound level meter [34,43], or using
Thévenin-equivalent probe calibration [39].

Of the 27 approaches, 22 (82%) were validated in people with
normal hearing and hearing impairment. Approximately 7%
(4/56) of studieswere performed in peoplewith normal hearing
[34,36,38]. One of the approach clusters was only validated in
a population with hearing impairments using hearing aids as
transducers [40]. Automated audiometry was applied across a
range of populations. All approaches were applied to adults,
except inthe study by Patel et al [32] that only included children.
Approximately 30% (8/27) approaches were validated in
children, including 50% (4/8) of approaches that designed a
child-friendly user interface [32,44-46]. Other test populations
were older people [47], veterans [48], and persons exposed to
occupational noise[49] or ototoxic substances[50]. Automated
audiometry has also been applied as an alternativeto traditional
manual audiometry inlow-resource environments[51-53]. The
user interface plays an important role in making self-testing
feasible in al populations and may require an iterative design
process (including clinical pilot studies) [52,54].
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Table 2. Description of test parameters and specifications for automated audiometry approaches (2012-2021; N=27).

Wasmann et al

Test parameters and specifications

Descriptions of approach clusters, n (%)

Threshold-seeking method (underlying algorithm to deter mine the thresholds)

Hughson-Westlake (modified) 20 (74)
Machine learning 2(7)
Bekesy tracking 1(4)
Other method 4 (15)
Test range (limits of the frequency that can be tested)
Clinical frequency range (125 Hz-8000 Hz) 18 (67)
Extended high frequencies range (125 Hz-16,000 Hz) 4 (15)
Reduced frequency range 5(19)
Test range (limits of intensity that can be tested)
Intensity range (0-100 dB? hearing level) 14(52)
Reduced intensity range 10 (37)
Intensity range not reported 3(1)

Masking (needed to prevent responses from the nontest ear and obtain the true threshold of thetest ear)

Automated masking 9(33
Manual masking 1(4)
No masking 13 (48)
Masking not reported 4(15)

Response method (method of recording participants responsesto test stimuli)

Forced choice 9 (33
Single response 13 (48)
Forced choice and single response 3(1
Not reported 2(7)

Transducer s (method of presenting stimuli, eg, insert phone or supra- or circumaural headphones)

Air conduction transducers 23(85)
Air and bone conduction transducers 3(1
Only bone conduction transducer 1(4)

Calibration (unconventional calibration methods are explained in the text)

Conventional calibration 20 (74)
Unconventional calibration 6(22)
Calibration not reported 1(4)
Digital devices (reported hardware needed to run the test)
Portable audiometer 2(7)
Computer based 9(33
Web-based (requires connectivity) 1(4)
Smartphone- or tablet-based 1(4)
Quality control measures (indicator s of thereliability of the test)
Detect false responses 5(19)
Have noise control 6(22)
Detect fal se responses and have noise control 7 (26)
Quiality control measures not reported 9(33

Validation (highest level of validation reported for each approach cluster)
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Test parameters and specifications Descriptions of approach clusters, n (%)
Gold standard 22 (82)
Reasonable standard 4(15)
Proof of concept 1(4)

Test population (hearing status)

Normal hearing only 3(1)
Hearing loss only 1(4)
Normal hearing and hearing loss 23 (85)

Test population (age)

Adults only 17 (63)
Children only 1(4)
Adults and children 9 (33
@dB: decibels
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Table 3. Key contributions of the automated and machine learning approaches to the audiological field.

Approach cluster (lead au-

Approach cluster  Key contributions to the field

thor of first report, reports)  (name)

Bean et a [55] OtoKiosk It has the potential to be used in test environments such as examination rooms as aclinical tool for
identifying hearing loss viaair conduction separating people with normal and impaired hearing.

Chen et a [40] SHSA® Itisahearing test that runson ahearing aid, which has statistical equivalence to manual audiometry.

Colsman et al [36] _b Portable devices that use calibrated headphones result in much higher accuracies than uncalibrated
devices.

Corry et a [34] — The reliability of audiometer apps should not be assumed. I ssues of accuracy and calibration of
consumer headphones need to be addressed before such combinations can be used with confidence.

Dewyer et a [33] Earbone Itisaproof of concept for smartphone-based bone conduction threshold testing.

Foulad et al [43,51,56] Eartrumpet ItisaniOS-based software app for automated pure-tone hearing testing without the need for addi-
tional specialized equipment, yielding hearing test results that approach those of conventional au-
diometry.

Jacobs et al [50,57] Oto-ID They are automated (remote) hearing teststo provide cliniciansinformation for ototoxicity monitor-
ing.

Kung et al [45] Kids Hearing It includes tablet-based audiometry using game design elements that can be used to test and screen

Game for hearing loss in children who may not have adequate access to resources for atraditional hearing
screening.

Liueta [58] — A self-testing system comprising a notebook computer, sound card, and insert earphonesisavalid,
portable, and sensitive instrument for hearing thresholds self-assessment.

Manganella et a [35] Adgilis It isan application that detectsincreased levels of ambient noise when it is programmed to stop the
testing.

Margoliset a [30,46,59-61] AMTASE AMTAS isdesigned to fit into the clinical care pathway, including air and bone conduction, and

Margolis et a [48,62,63]

Masalski and Krecicki
[41,64,65]

Meinke et al [66,67]

Patel et a [32]

Poling et al [39]

Schlittenlacher et al [23]

Schmidt et &l [37]

Song et al [21,29,68,69]

Sunetal [70]

Swanepoel et a
[27,47,53,71-75]

Swanepoel et a
[28,52,54,76-80]

Szudek et al [42,81,82]

Van Tasell and Folkeard
[83]

Home Hearing
Test

WHATSH

HearTest®

MLAG'

KUDUwave

HearTest?

Uhear

incorporates a quality assessment method (QUALIND) that predicts the accuracy of the test.

It is developed and well-suited to provide increased access to hearing testing and support home
telehealth programs.

It isan automated method that uses smartphone model—specific reference sound levelsfor calibration
in the app. Biological reference sound levels were collected in uncontrolled conditions in people
with normal hearing.

WHATSisamobilewireless automated hearing test system in occupational audiometry for obtaining
hearing thresholds in diverse test |ocations without the use of a sound booth.

Itisanovel, subjective, test-based approach used to calibrate a smartphone—earphone combination
with respect to the reference audiometer.

Specific Bekesy tracking patterns were identified in people who experienced difficulty converging
to areliable threshold.

Bayesian active |learning methods provide an accurate estimate of hearing thresholdsin acontinuous
range of frequencies.

A user-operated, 2-alternative, forced choicein combination with the method of maximum likelihood
does not require specific operating skills; repeatability is acceptable and is similar to conventional
audiometry.

MLAG isaBayesian active learning method that determines the most informative next tone, leading
to afast audiogram procedure and threshold estimation in a continuous range of frequencies, with
the potential to measure additional variables efficiently.

It is an active noise control technology to measure outside the sound booth.

It isan automated portabl e diagnostic audiometer using improved passive attenuation and real-time
environmental noise monitoring, making audiometry possible in unconventional settings.

It is a smartphone-based automated hearing test applicable in low-resource environments.

It is an approach that is applicable to the initial evaluation of patients with sudden sensorineural
hearing loss before a standard audiogram is available.

Method of adjustment and the Hughson—Westlake method embedded in automated audiometry can
be considered equivalent in accuracy to conventional audiometry.

https://www.jmir.org/2022/2/e32581

RenderX

JMed Internet Res 2022 | vol. 24 | iss. 2 |€32581 | p.60
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Wasmann et al

Approach cluster (lead au-

Approach cluster  Key contributions to the field

thor of first report, reports)  (name)

Vinay et a [38,49] NEWT" NEWT, which isincorporated inside an active communication earplug, serves as areliable and ef-
ficient method of measuring auditory thresholds, especially in the presence of high background
noise.

Whitton et a [84] — It is a proof-of-concept study of several self-administered, automated hearing measurements at
home, showing statistical equivalency to conventiona audiometry in the clinic.

Yeung et al [44,85-89] Shoebox It isamethod for threshold hearing assessments outside conventional sound booths and with anin-

terface suitable for children.

8SHSA: smartphone-hased hearing self-assessment.

PNot available.

CAMTAS: Automated Method for Testing Auditory Sensitivity.
dWHATS: Wireless Automated Heari ng Test System.
€Smartphone-based hearing test app (not yet commercialized).
'MLAG: Machine Learni ng Audiogram.

9Automated hearing test commercialized by the hearX group.
ANEWT: The New Early Warning Test.

Discussion

Principal Findings

In 2013, evidence for automated audiometry demonstrated
similar reliability and accuracy as that of manual audiometry.
However, especially for children and bone conduction, the
number of reports was limited [24]. In less than a decade, 22
novel approachesand devel opments across 5 existing approaches
had appeared in 56 publications, adding to the 29 papers
published before 2013. Promising new developments include
the use of machine learning techniques for more time-efficient
hearing assessment (2/27, 7%), use of tablets or smartphones
as audiometer interface (15/27, 56%), and child-friendly user
interfaces (4/27, 15%), including game design elements. The
number of approaches that include bone conduction is still
limited (4/27, 15%)—only 7% (2/29) more approaches were
reported compared with the number reported in 2013 [24].

Accuracy

Therequired accuracy, reliability, and efficiency depend on the
clinica aims and consequences. The ultimate aim of the
automated hearing assessment isto deliver clinically actionable
estimates of hearing status (ie, the clinician or patient acts
appropriately for treatment, given the diagnostic test results).
In fully adaptive procedures, the level of precision and
confidence needed to conclude the assessment can be set to any
level by choosing the proper termination criteria, resulting in
different trade-offs. A study by Schmidt et al [37], for instance,
aimed for high accuracy and reliability, whereas a study by
Heisey et a [29] aimed for high efficiency with machine
learning audiometry. Overall, a shift in the type of analysis to
demonstrate the accuracy has been observed. In thisreview, the
2 major types of analysis included were RMSD (14/27, 52%)
and average differences and SD (10/27, 37%). In the report by
Mahomed et al [24], accuracy was primarily expressed in
average differences (11/27, 41%) or thresholds and SD (11/27,
41%). In our view, RM SD isthe preferred indicator for accuracy
asit has clinical relevance [31], assuming it has already been
demonstrated that there is no bias between the automated and

https://www.jmir.org/2022/2/e32581

manually determined hearing threshol ds (eg, signed differences).
In traditional clinical terms, automation isequal in accuracy to
manual audiometry if the difference is within 6 dB RMSD. Of
the 27 automated approaches, 6 (22%) meet this strict accuracy
criterion. However, for many applications, the less strict 10 dB
RMSD criterium is sufficient, which was achieved by 26%
(7/27) additional automated approaches.

For bone conduction measurements, the accuracy wasinherently
lower than that of air conduction measurements because of
conductor placement [30]. However, this reduced accuracy is
typicaly sufficient to address the clinical question of whether
conductive or mixed hearing loss is present, as well as choose
and eval uate appropriate treatment. The technical feasibility of
bone conduction assessments outside of aclinical setting (sound
booth) remains difficult. Alternatively, this clinica question
can be addressed with other tests, including tympanometry,
otoscopy, or acombination of air conduction thresholdsfor tone
and speech stimuli [90]. At least 13 automated techniques had
accuracy comparable with that of traditional manual air
conduction audiometry, as expressed in RMSD.

A limitation to the impact of achieved test accuracy isthe high
variation in the interpretation of audiograms by clinicians,
regardless of whether those audiograms are determined using
an automated or manual approach [92]. Automation can assist
clinicians and patients in interpreting the measurement by
data-driven automated reporting of accuracy and reliability
(including signaling for suspicious outcomes) such as
QUALIND [60] or by automated classification for diagnostic
purposes (including the type and degree of hearing 10ss).
Examples of automated classification include AMCLASS[93],
Autoaudio [94], and data-driven audiogram classification [95].

Reliability

RMSD is aso increasingly used as a measure of test—retest
reliability. Of the 27 approaches that reported test—retest
reliability, 8 (30%) used RM SD as ameasure, whereasin 2013,
this was only used in 2 (2/29, 7%) studies. Furthermore, 41%

(11/27) of approaches did not report on test—retest reliability or
used a measure of statistical equivalence that did not allow us
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to assess the accuracy. Advances in automated audiometry that
increase reliability include procedures to identify invalid
responses (5/27, 19%), monitoring environmental noise (6/27,
22%), or both (7/27, 26%) to warn for invalid test conditions,
making these tests applicable in more populations and
environments. Thereliability can beincreased, for instance, by
aternative response methods, including the forced-choice
paradigm [37], or by using machine learning to account for
lapses of attention [23]. Digital (health) technologies, including
smartphones and tablets, lend themselves to quality control
measures for increased reliability with the host of integrated
sensors [6].

Efficiency

A fair indicator of efficiency is the overall time required to
conduct atest. Most approaches (20/27, 74%) used the modified
Hughson—Westlake procedure, of which some (7/20, 35%)
showed asimilar test duration to manual audiometry. Maximum
likelihood procedures demonstrated a 45% reduction in test
time in people with normal hearing [38]. Bayesian active
learning methods can be extended by adding variablesthat share
some interrelationships using a conjoint estimator that exploits
nonlinear interactions between the variables[96]. Theresulting
machine learning—based automated procedures demonstrated a
30% to 70% reduction in test time compared with manual
audiometry for air conduction audiogramsin people with normal
hearing and hearing impairment [29]. No machine learning
approaches had incorporated bone conduction. Therefore,
time-efficiency gains compared with full audiogram procedures
are not available; however, one can assume that these will yield
similar time-efficiency gains. Another indicator of test efficiency
isthe number of stimuli required to achieve the desired accuracy.
This indicator is helpful in optimizing the threshold-seeking
part of the approach. Reporting the equivalent time gains under
operationa conditions is recommended as this can be readily
compared with other efficiency gains, including the reduced
traveling time if avisit to the outpatient clinic can be replaced
for an at-home test or time savings by automating other parts
of the clinical care pathway such as interpretation of the
outcome. Other aspects of efficiency beyond time that should
be considered are cost reductions when enabling task shifting
of professionals or the ability to test outside the sound booth.

Future Developments

To obtain an overall indicator of the technical maturity of an
approach, developers should be encouraged to use the
technology readiness level (TRL) to report the development
phase of a technology. TRLs were initially developed in the
aerospace industry to estimate the maturity of technology from
basic concepts to flight-proven products [97]. To apply TRLS
to automated audiometry, further adjustments can be made to
fit the hearing health care sector to the version of biomedical
TRLs created by the US Army Medical Research and Materiel
Command [98]. For those approaches that are ready for
operational use, certification (eg, Conformité Européenne and
the United States Food and Drug Administration) can further
stimulate clinical adoption and iterative improvements based
on clinical feedback. In order to be cost-effective, timely, and
responsive, certification for digital self-care approaches may
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need to be less stringent than those for clinical care. A study by
Yeung et al [12] proposed alternative procedures for (fast)
certification to keep up with the rapidly developing field of
visual eHealth tools. Their recommendations might also be
applicableto automated hearing assessments, including arating
by health agencies or nongovernmental organizations (eg, a
repository of trusted approaches; see Psyberguide [99] as an
example of mental health apps reviewed by experts) or adopting
the Clinical Laboratory Improvement Amendments model to
ensure that approaches comply with the basic requirements of
usability, privacy, and security [12]. Following similar
certification proceduresin the visual and auditory domains may
facilitate diagnosis across medical domains. In addition,
standards on minimum quality and consensus on what metadata
are needed in health applications to describe the test conditions
and facilitate interpretation are currently missing.

Limitations

Thisscoping review included peer-reviewed reports from widely
used and recognized scientific databases. A potential limitation
isthat some of the commercialized automated approaches may
have been devel oped without peer-reviewed reports. Therefore,
some automated approaches could be more mature than
previously reported. There is no gold standard for reporting
audiometry validation studies, which limits a consistent
comparison among approaches. Finally, automated procedures
may well be embraced by early adoptersfirst, which could lead
to projections on suitability that are overly optimistic for users
with poorer digital proficiency.

Conclusions and Recommendations

Since 2013, an increasing number of automated audiometry
approaches on digital devices have demonstrated similar
accuracy, reliability, and time efficiency as conventional manual
audiometry. New developments offer features, versatility, and
cost-effectiveness beyond manual audiometry. Fully adaptive
procedures, including machinelearning techniques, seek hearing
thresholds more efficiently. Inexpensive digital devices such
as smartphones can be turned into audiometers, increasing
accessibility and availability. Higher reliability is achievable
by signaling invalid test conditions, and child-friendly user
interfaces offer a solution to the hard-to-test population. These
approaches can be implemented in the clinical care pathway,
remoteor virtual hearing health care, community-based services,
and occupational health care to address the global need for
accessible hearing loss diagnosis.

For successful adoption, standardized measures of accuracy,
reliability, and efficiency are needed for comparative purposes.
Certification and independent reviews may help prospective
users select trustworthy approaches. Further reliability can be
achieved by determining which difficult-to-test populations
may not be appropriate for automated testing and how to detect
and then triage these patients to specialized centers. More
user-friendly and failsafe procedures that include remote
surveillance and quality control can support automated hearing
assessment at scale in specific populations and in concert with
diagnostic assessments in other medical domains, including
visual health and mental well-being [12,99]. Further contextual
information, such as standardized metadata, is needed to help
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cliniciansinterpret the context and limitations of test outcomes.  be part of existing care pathways and also enable new service
If researchersand cliniciansdeal carefully withtheir limitations, models, including task shifting to community health workers
automated hearing assessments can be designed such that they  delivering decentralized care, virtual hearing health care, and
form an effective part of service delivery for many peoplewho  over-the-counter or direct-to-consumer hearing aid dispensing.
have or are at risk of hearing loss. Automated audiometry can
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Abstract

Background: Asdementia progresses, symptoms and concerns increase, causing considerable distress for the person and their
caregiver. Theintegration of care between care homes and health care servicesisvital to meet increasing care needs and maintain
quality of life. However, care home access to high-quality health care is inequitable. eHealth can facilitate this by supporting
remote specialist input on care processes, such as clinical assessment and decision-making, and streamlining care on site. How
to best implement eHealth in the care home setting is unclear.

Objective: Theaim of this review was to identify the key factors that influence the implementation of eHealth for peopleliving
with dementiain long-term care.

Methods: A systematic search of Embase, PsycINFO, MEDLINE, and CINAHL was conducted to identify studies published
between 2000 and 2020. Studies were eligibleif they focused on eHealth interventions to improve treatment and care assessment
or decision-making for residents with dementia in care homes. Data were thematically analyzed and deductively mapped onto
the 6 constructs of the adapted Consolidated Framework for Implementation Research (CFIR). The results are presented as a
narrative synthesis.

Results: A total of 29 studieswereincluded, focusing on avariety of eHealth interventions, including remote video consultations
and clinical decision support tools. Key factors that influenced eHealth implementation were identified across all 6 constructs of
the CFIR. Most concerned the inner setting construct on requirements for implementation in the care home, such as providing a
conducive learning climate, engaged leadership, and sufficient training and resources. A total of 4 novel subconstructs were
identified to inform the implementation requirements to meet resident needs and engage end users.

Conclusions: Implementing eHealth in care homesfor people with dementiais multifactorial and complex, involving interaction
between residents, staff, and organizations. It requires an emphasis on the needs of residents and the engagement of end usersin
the implementation process. A novel conceptual model of the key factors was developed and trandated into 18 practical
recommendations on the implementation of eHealth in long-term care to guide implementers or innovators in care homes.
Successful implementation of eHealth is required to maximize uptake and drive improvements in integrated health and social
care.
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Introduction

Background

Dementiaisaprogressive, complex neurodegenerative condition
with a multitude of types and clinical presentations. It is the
leading cause of death in the United Kingdom [1] and is
projected to have the highest global proportional rise (264%)
in suffering associated with a need for palliative care [2].
Dementiais characterized by acomplexity of care needs, which
advance as the condition progresses [3]. These needs span
multiple domains of health care, and multimorbidity iscommon
[4]. Symptoms such as pain and breathlessness [5,6] cause
significant distress for the person and their caregiver and
increase toward the end of life[7].

Over half of the people with dementia (58%) diein care homes
in England [8]. They are the main providers of end-of-life
dementia care, with the average life expectancy on admission
for a resident with dementia being 1 to 2 years [9]. The term
care homein the United Kingdom refersto both residential and
nursing homes. These differ with regard to the provision of
input from health care professionals, with nursing homes
providing additional access to 24-hour on-site nursing care.
Care homes require the resources to deliver multidisciplinary
care to meet these advancing and acute dementia-specific needs
[10]. Providing access to good quality, continuous care
throughout the dementia trajectory is essential. This can be
achieved by integrating care homeswith primary care, palliative
care, and dementia care teams to enable multidisciplinary and
specialist input on vital care processes[11].

Care needs change and devel op over time and cause considerable
distress if left unmet [6]. A comprehensive assessment by a
multidisciplinary team to review medical, functional, mental,
and social abilitiesisessentia for this population with complex
needs [12]. Interprofessional collaboration is also required to
share clinical expertise and experience, best inform complex
clinical decisions concerning treatment for multimorbidities,
and deliver appropriate care [13]. Integrating these processes
across services is widely acknowledged to improve
person-centered treatment outcomes for older people with
complex needs[11] and reduce detrimental transitions between
settings occurring in the final years of life, such as unplanned
hospitalization [14].

To integrate services and deliver continuous and coordinated
care, established methods of communication are required to
share information between systems about residents’ care needs
and outcomes. A way to facilitate this is through the use of
eHealth [15], which is defined as “hedth services and
information delivered or enhanced through the internet and
related technologies’ [16], encompassing an array of
interventions that enable care to be delivered remotely.

The COVID-19 pandemic has had major implications for the
use of eHealth in care homes. In response, former barriers to

https://www.jmir.org/2022/2/e29837

the integration of health and social care services in England
have been liberalized, with restrictions on information sharing
between services relaxed [17]. The pandemic highlighted the
lack of systems for efficiently sharing information between
services nationally and internationally [18,19]. This
compromised the delivery of careto meet the escalating health
care needs and residents’ quality of life. Innovation wasrequired
to communicate between services for the comprehensive
assessment of symptoms and management of care and outcomes.
eHealth provides away to do this[20].

Objective

Thereislittle evidence to guide the design and implementation
of eHealth resources to manage symptoms and concerns for
people with dementiain care homes. The key task at hand isto
understand how we can scale-up eHealth interventionsto embed
them in routine care. Despite positive findings regarding their
benefit [21], eHealth interventions are yet to attain widespread
implementation in care homes, and the way of effectively
achieving this remains unclear. This study aimed to explore
factors that influence the implementation of eHealth
interventions to support assessment and decision-making
regarding care and treatment for people with dementiain care
homes.

Methods

Design

The review is reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses, Multimedia Appendix 1) guidelines. A
systematic review, using narrative synthesis and thematic
analysis, was conducted to identify common facilitators of and
barriersto eHealth implementation in care homes. The synthesis
followed the guidance of Popay et al [22], which provides a
specific direction for reviews concerned with theimplementation
of interventions. The protocol for thisreview wasregistered on
PROSPERO (International Prospective Register of Systematic
Reviews; registration number CRD42020184587). Before
registering this review, a search of PROSPERO was conducted
to ensure that no similar reviews were underway. Our fina
search was performed in the week the review was registered
(June 1, 2020). Originally, the scope of the review also included
collecting data on intervention effectiveness and key
components; however, given the breadth of evidence relating
to these outcomes, the findings regarding effectiveness will be
reported in a second review.

Search Strategy

A total of 4 databases (Embase, PsycINFO, MEDLINE, and
CINAHL) were searched for studies published in English from
January 2000, with the final search being on April 28, 2020.
The year 2000 was chosen as the cutoff year to exclude eHealth
that may be outdated in the context of today’s technological
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advancements. A search strategy was developed with the help
of an information support specialist and informed by scoping
the literature for the types of eHealth interventions currently in
use (see Multimedia Appendix 2 for the full search strategy).
A combination of Medica Subject Headings terms and
keywordswas used to devel op a strategy based on thefollowing
concepts: dementia AND care homes AND eHealth AND
assessment OR decision-making. The search strategy was

Textbox 1. Eligibility criteria.

Gillamet a

complemented through reference chaining and citation tracking
using Google Scholar, following the initial identification of
studies from the database search. The dligibility criteria were
developed using the PICO (population, intervention, control,
and outcomes) acronym, following recommendations on its
suitability and enhanced sensitivity when conducting qualitative
systematic reviews[23]. The criteriaare outlined in Textbox 1.

Inclusion criteria

population

«  Comparator: no restrictors

«  Population: residents with a diagnosis of dementiaresiding in along-term care facility; studies that included residents with dementiain a mixed

« Intervention: eHealth interventions that aimed to facilitate comprehensive assessment of care home residents or improve decision-making about
care and treatment; eHealth interventions that enable care coordination between practitioners and the sharing of information between settings to
facilitate integrated working, such as between care homes and health care services

«  Outcome: datarelating to factors that influence or inhibit the implementation of eHealth interventionsin care homes

Exclusion criteria

Study design: all study designs that reported data relating to implementation

Population: people with adiagnosis of dementialiving at home or staying in short-term care or acute care settings; studies that did not mention
dementiain the population

Intervention: nondigitalized intervention studies; eHealth interventions that did not focus on aiding comprehensive assessment or supporting
clinical decision-making; interventions that monitored clinical signs only, such as a motion sensor, or recorded biodata, for example, blood

pressure remote monitoring, were out of scope
«  Outcome: not applicable
o  Comparator: not applicable

«  Study design: opinion pieces

Study Selection Procedure

Studies identified from the search were exported to Endnote
[24]. Duplicates were identified and removed. All titles and
abstracts were screened by 1 researcher (JG). Approximately
20% were randomly selected for blinded double screening by
2 independent researchers (TA and EY) asacalibration process
to test the application of the eligibility criteria. Once an
agreement of 90% was confirmed between the reviewers, the
eligibility criteria were applied to all identified studies. This
was undertaken to screen for eligibility at the title and abstract
screening and again at thefull paper review. Discrepancieswere
resolved through discussion.

Quality Appraisal

The quality of publications was appraised using the Critical
Appraisal Skills Programme (CASP) tool [25], which was
appropriate for the study design. It was conducted by 1 author
(JG) and reviewed independently by 2 authors (CE and ND).
Where the design was not amenable to the CASP, aternative
tools were used, including the Mixed Methods Appraisal Tool
(MMAT) [26] and the Joanna Briggs Institute (JBI) critical
appraisal tools[27]. No studieswere excluded only onthe basis
of their appraised quality; rather, it was conducted to help
understand and describe the studies.

https://www.jmir.org/2022/2/e29837

Data Extraction

A standardized data extraction tool was devel oped in Microsoft
Excel and informed by the review questions. Extracted data
included study aim, country of origin, design, population of
interest, setting, eHealth intervention (type, components, and
summary), methods of data collection and analysis, outcomes
regarding intervention implementation and conclusions,
implications, and limitations. Implementation data were
extracted from both the results and discussion sectionsto capture
relevant findings relating to the authors' observations of why
an intervention was or was not effective.

Data Analysisand Synthesis

A deductive thematic analytic approach was undertaken,
underpinned by the adapted version of the Consolidated
Framework for Implementation Research (CFIR) [28]. The
original CFIR [29] comprises 5 broad theory-based constructs
and 39 subconstructs within these: intervention characteristics,
inner setting, outer setting, individual characteristics, and
implementation process. It is a comprehensive and practical
guide for assessing the potentia factors that influence
implementation. A recent adaptation of the framework added a
sixth construct [28], patient needs, acknowledging the
importance of person-centered carein health careinterventions
and the paucity of attention it frequently receives in
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implementation frameworks. Given the nature of this review,
the adapted CFIR was used.

Preliminary synthesis involved tabulation to organize the
findings and compare data across different studies. The data
from each study were then mapped onto the framework.
Common themes that arose across the studies in line with the
subconstructs of the framework were then synthesized to form
a narrative regarding facilitating elements of and inhibiting
barriersto successful implementation. Where datadid not align
to a subconstruct, an inductive thematic analytic approach was
undertaken to avoid biasing data and identify gaps in the
framework when applying it to this context. The themes were
then developed to identify additional constructs to adapt the
framework to this specific context.

Gillamet a

Results

Summary

A total of 1055 papers were screened by title and abstract, of
which 128 (12.13%) full-text articles were assessed; of the 128
articles, 29 (22.7%) met the eligibility criteria for the review
(Figure 1 [30]). The included studies reported 27 unique
interventionsthat aimed to facilitate comprehensive assessment
of care home residents or improve decision-making surrounding
care and treatment, published between 2000 and 2020. The
sample sizes ranged from 5 to 4171 for residents and 6 to 609
for carers. Approximately 31% (9/29) of studies omitted the
number of participants.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart [30].

)

Of the 29 articles, the included studies comprised 7 (24%)
randomized controlled trids, 7 (24%) quasi-experimental studies
[31-37], 6 (21%) qualitative studies[38-43], 3 (10%) descriptive
studies [44-46], 2 (7%) mixed methods studies [47,48], 2 (7%)
cohort studies [49,50], and 2 (7%) cross-sectional studies
[51,52].

All studiesincluded adultswith dementia, focusing specifically
on requirements for people with dementia (11/29, 38%)

https://www.jmir.org/2022/2/e29837
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[31,32,38-40,43,47,49,50,53,54] or within a mixed population
(18/29, 62%) [33-37,41,42,44-46,48,51,52,55-59]. The average
percentage of residents with dementia was 52.8% in the mixed
population studies that reported the proportion (6/29, 21%)
[35,37,44,46,55,56]. Approximately 41% (12/29) of studiesdid
not delineate the proportion of residents with dementia
[33,34,36,41,42,45,48,51,52,57-59] (see Table 1 for asummary
of study characteristics).
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Table 1. Summary of characteristics of included studies grouped by population residents.

Characteristics, study, and  Study design Population (n) Age (years), mean  Setting (n) Type of eHealth inter-
country of origin vention
Population with dementia and specific requirements

Catic et a [49], Unit- Cohort Dementia (46) 825 Nursing home (11) Video consultation

ed States”

Gordon et a [50], Matched-cohort study ~ Dementia (115) Not specified Nursing home (11) Video consultation

United States?

Kleineta [38], Aus- Quadlitative Dementia (5) 59-88 Regional aged care PDA

tralia facility (1)

Leeet al [53], Korea Quasi-experimental Dementia (53) Not specified Nursing home (1) Video consultations
and computerized sys-
tem

Lyketsos et a [54], Quasi-experimental Dementia (not specified) Not specified Long-term dementia  Video consultations

United States facility (1)

Mitchell et a [31], Cluster RCT? Dementia (402) 86.7 Nursing home (64) Video decision sup-

United States port tool

Qadri et a [47], Unit-  Mixed methods Dementia (not specified) Not specified Nursing home (3) PDA

ed States

Moniz-Cook et a Cluster RCT Dementia (832) Not specified Care home (58) Computerized deci-

[32], United Kingdom sion support tool

Piauetal [39], France Qudlitative Dementia (90) Not specified Long-term carefacili- Video consultations

ty (10)

Shiells et al [40], Qualitative Dementia (not specified) Not specified Nursing home (3) Electronic patient

Czechia records

Keenan et a [43], Qualitative Dementia (not specified) Not specified Care home (27) Compurterized deci-

United Kingdom sion support tool

Population with mixed requirements (dementia and nondementia)

Salleset al [45], Descriptive Mixed (304); others: 85.6 Nursing home (1) Video consultations

France wounds and psychiatric

Daly etal [33], United RCT Mixed (22) 86 Long-term carefacili- Electronic patient

States ty (1) records

Delucaet al [34], RCT Mixed (59) 79.1 Nursing home (1) Video consultations

Italy and tele-counseling

Johnston and Jones Descriptive Mixed; dementia 79.3 Rural skilled nursing  Video consultations

[44], United States (52.5%); others: deliri- facility (1)

um, depression, and dys-
thymia

Kriiger et al [55], Quasi-experimental Mixed; dementia(76.6%) 84.4 Nursing home (7) Electronic patient

Norway and stroke (23.4%) records with decision
support tool

Mitchell et a [35], Cluster RCT Mixed; dementia (70%) Not specified Nursing home (inter-  Video decision sup-

United States vention=119; con- port tool

trol=241)
Perri et al [56], Cana-  Quasi-experimental Mixed; dementia (69%); 87 Long-term carefacili- Video consultations
da other: cardiovascular, ty (1)
respiratory, frailty, and
psychiatric.
Alexander [46], Unit- Descriptive Mixed; dementia (20), Not specified Nursing home (3) PDA, electronic pa-

Alzheimer (13), and oth-
er: osteoarthritis, pneumo-
nia, and cerebrovascular
accident

tient records, and deci-
sion support tool

ed States®
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Characteristics, study, and  Study design Population (n) Age (years), mean  Setting (n) Typeof eHedlth inter-
country of origin vention

Mor et a [37], United RCT Mixed (not specified); Not specified Nursing home (360)  Video decision sup-
States dementia (30%); others: port tool

cardiopulmonary
Vuorinen[41], New  Qualitative Mixed (not specified) >65 (intervention) Long-term carefacili- Web-based assess-
Zealand ty dementiaunit (1)  ment tool
Weiner et a [36], RCT Mixed (369) 64 Nursing home (1) Video consultations
United States
Pillemer et a [57], Quasi-experimental Mixed (761) 79.4 Nursing home (10) Electronic patient
United States records and PDAs
O'Mahony et al [58], Quasi-experimental Mixed (not specified); Not specified Skilled nursing facili-  Video consultations
United States dementia, cancer, chronic ties (2)

obstructive pulmonary

disease, liver disease, and

renal failure
Munyisiaet a [48], Mixed methods Mixed (not specified) Not specified Nursing home (1) and Electronic patient
Australia specialized home (1)  records
Alexander et al [42], Quadlitative Mixed (not specified) Not specified Nursing home (4) PDA, electronic pa-
United StatesS tient records, and deci-

sion support tool

Bjarnadottir etal [51], Cross-sectional analysis Mixed (not specified) Not specified Nursing home (927)  Electronic patient
United States records
Wakefield et al [52], Cross-sectional analy- Mixed (62); dementia, 72 Long-term carefacili- Video consultations
United States sig/longitudinal seizure, Parkinson, and ty (1)

urinary tract infections
Fossum et a [59], Quasi-experimental Mixed (491) 845 Nursing home (15) Electronic patient

Sweden

records with decision
support tool

8Articles from the same study.
BRCT: randomized controlled trial.
CArticles from the same study.

Quality Appraisal

The included studies varied in their quality. In genera, the
CASP criteriafor the experimental studiesidentified consistent
reporting of clear and focused aims, with appropriate
methodologies to address the research questions. Weaknesses
were related to small sample size, evidence of selection and
attrition bias, poor description of analysis, and nonblinding.
Descriptive studieswere generally well-reported (average 86%
of MMAT criteriamet) and quasi-experimental studies (average
77.7% of JBI criteriamet). Theweaker study design used mixed
methods (average 50% of MMAT criteria met) and
cross-sectional studies (average 56.2% of JBI criteria met).
Wesaknesses pertained to the management of confounding factors
and the integration of qualitative and quantitative data.

https://www.jmir.org/2022/2/e29837

Multimedia Appendix 3 [31-59], details the quality appraisal
results for each study using the respective appraisal checklist.

CFIR Constructs Associated With eHealth
I mplementation

Table 2 detail sthe respective CFIR constructs and subconstructs
that were identified as important determinants for
implementation. The number of subconstructs identified per
study ranged from 1 to 13, with a median of 6. No mgjor
differences in implementation requirements were identified
between studieswith a specific focus on requirementsfor people
with dementiaand studies reporting on dementiawithin amixed
population (Multimedia Appendix 4). Findings for each CFIR
construct and respective subconstructs is presented in turn.
Constructs that were identified in <2 studies are not presented
as a narrative because of insufficient data.
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Table 2. Factorsidentified to influence the implementation of eHealth interventions in a care home (N=29).
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CFIR? construct and subconstructs (Ij)efi niti_on in the context of care homes and integrated care for people with
ementia

Total, n (%)

Intervention characteristics: aspects of eHealth that might affect implementation success

Intervention source How end users perceive thelegitimacy of the eHealth source—whetherithas 0
been developed internally as aresponse to a problem in the care home or
externally
Evidence strength and quality Stakeholder perception of the strength of the evidence supporting the belief 0
that eHealth will produce the desired outcomes from sources such as published
literature
Relative advantage [36-39,47,48,54-56] Whether stakehol ders perceive eHealth as advantageous over current practice 9 (31)
Adaptability [37,40,48,49,52,55,59] How interoperable eHealth iswith current care homeinformationtechnology 7 (24)
systems
Triaability Whether eHealth can be tested initially on asmall scale, such aspilotedina 0
small number of care homes
Complexity [36-38,40,41,44,45,47,48,53,54,56,58] How simpleand user-friendly end users perceive eHealth to bewithinroutine 13 (45)
care
Design quality and packaging Stakeholder perception of the physical presentation of theeHealthintervention 0
Cost [36,37,47,49-51,53,54] Cost associated with implementing eHealth 8(28)
Patient needs: the extent to which resident needs are known and prioritized by the care home
Clinical benefit [34,36,38,39,41,45,47,48,52,55,58] How clinically beneficial eHealth is perceived to be for the resident 11(38)
Person-Centered care® [40,41,45,52] Whether eHealth can be tailored to the individual needs of theresidentand 4 (14)
care home
Resident experienceb [34,39,40,52,56,57] The effect that eHealth has on resident needs and satisfaction with care 6(21)
Outer setting: external influences on eHealth implementation
Cosmopolitanism [37,43] The degree to which the care home is networked with others 2(7)
Peer pressure Pressure experienced by the care home to implement eHealth 0
External policy and incentives [40,49,52-54] External influences of implementation of eHealth for the care home 5(17)
Inner setting: characteristics of the implementing care home
Structural characteristics [35,37,43,52] The social architecture, age, maturity, and size of the care home 4 (14)
Networks and communications [47] The nature and quality of social networks and communication withinacare 1 (3)
home
Culture Norms and values of the care home 0
Implementation climate The capacity for change and shared receptivity of individualsto eHealth and
the extent to which it will be supported within the care home
Tension for change [32] The extent to which stakeholders perceive current practices asneeding change 1 (3)
Compatibility [36-38,40,47,51,52,54] The degree of fit between the care home and eHealth in terms of valuesand 8 (28)
existing workflows
Relative priority Individuals' shared perception of the importance of implementation within 0
the care home
Organizational incentives and rewards Incentives to increase participation with eHealth such as awards and promo- 0
tions for staff
Goals and feedback The degree to which goals of eHealth are acted upon and feedback to staff 0
Learning climate A climatein which staff feel valued in the implementation processand com- 10 (34)
[32,33,39,40,43,44,51,52,58,59] fortable to participate through encouragement by care home leaders
Readiness for implementation Indicators of care home commitment to eHealth implementation
L eadership engagement [31,32,37,39,43] Commitment and involvement of care home managers and leadersinimple- 5 (17)
mentation
Available resources The level of care home resources dedicated to eHealth implementation, in- 14 (48)
[32,33,35,36,39,41,42,44,46,48,51-53,59] cluding money and staff time
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CFIR? construct and subconstructs

Definition in the context of care homes and integrated care for people with

Total, n (%)

Access to knowledge and information
[31-33,35,37,38,40-44,48,51,52,54,56,59]

Individual characteristics: end-user individual beliefs, knowledge, and attitudes toward eHealth and implementation

Knowledge and beliefs about the intervention
[36,38,39,41,43,45-48,51-53,55,56,58,59]

Self-efficacy [33,36,38,41,47,56,59]
Individual stage of change
Individual identification with organization

Other personal attributes [32,33,40,43,44,58,59]

Process: stages of the implementation process that can impact its success

Planning [32,38,42-44,46,48,51,54,56-59]

Engaging
Champions [32,35,37,43,48,58,59]

dementia

Access to sufficient eHealth training for end users 17 (59)
End users' attitudes toward eHealth and its impact 16 (55)
End users' belief in their own abilities to use the eHealth intervention 7(24)
The phaseanindividua isin asthey progresstoward sustained use of eHealth 0

End user’s perception of their relationship with the care home 0
Individuals' attributes that affect implementation such as staff willingness, 7 (24)
experience, age, or grade

The degree to which tasks required for implementation of eHealthareagreed 13 (45)
in advance

Attracting and involving stakeholders in eHealth implementation

Individuals who are dedicated to driving the implementation of eHealthand 7 (24)
overcoming resistance in the care home

Other stakeholders, including end users and staff, within the care home 10 (34)

End users? [32,33,37,39,40,42-44,54,59]
Opinion leaders

Individualsin acare homewho have aformal or informal influenceon others 0

attitudes toward implementation

Formally appointed internal leaders
ment eHealth

External change agents
tion of eHealth

Executing [32,35,37,43,44]
Reflecting and evaluating [35,37,43,46,51,55,59]

The extent to which eHealth implementation is conducted as planned

Monitoring of eHealth implementation and feedback about its progress

Individuals from within the care home who are formally appointed toimple- 0

Individuals from outside the care home who formally influenceimplementa- 0

5(17)
7(24)

8CFIR: Consolidated Framework for |mplementation Research.
bAdditional subconstructs identified inductively from the data.

Intervention Characteristics

This refers to aspects of the eHealth intervention that might
affect implementation success in care homes and includes
findings relating to intervention complexity, adaptability, and
cost.

Relative Advantage

eHealth that is perceived as advantageous to an aternative
system by improving accessto emergency care[39], increasing
efficiency [37,38,54,55], and reducing paperwork [47] is more
likely to be adopted [48]. Barriersto uptakeinclude apreference
for face-to-face consultations [56] and increased time required
to organize eHealth consultations [36].

Adaptability

eHedlth isat an advantage if it aligns with data and technology
already in use [37,40,51,52]. Concerns on patient privacy and
electronic transfer of confidential information act asingtitutional
firewalls [40,49] but can be overcome by encrypting data and
assigning residents confidential numbers[49]. A way toincrease
the adaptability of a device is through the provision of
customizabletool s such as drop-down menus[40]. Incorporating
adecision support system in eHealth interventionsis advocated
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to respond to changesinindividual residents needsby providing
alerts and directing staff to appropriate care [40,48,55].

Complexity

eHealthismorelikely to beimplemented if it isstraightforward
and user-friendly [36-38,40,41,44,45,47,48,53,54,56,58]. Simple
devices are regarded as more reliable [36,40,48], and it is
recommended that more advanced technology be used only
where necessary [36]. Dual systems of paper-based and
electronic devices should be avoided to minimize inconsistency
[38] and the complexity of data recording [48]. Uptake is also
influenced by the ease of accessto eHealth [36,37,40,47,54,55],
with portable toolsimproving ease of access[38,48] and thereby
saving staff time[37,38,47,55]. However, some staff report that
handheld devices are easy to break and misplace [47] and prefer
a desktop computer [40]. Technological difficulties, including
software and memory issues [47], inability of patients and
physicians to see or hear each other [52,56], and difficulty in
obtaining technical support despite frequently requiring it
[36,56], can impede eHeadlth implementation
[35,36,44,47,53,56,58]. Providing training and specialist
technical support for staff are key to overcoming these barriers
[40-42,44,46,53,56].
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Cost

Costisamajor barrier toimplementing el ectronic health records
in care homes [52]; for an intervention to be implemented, the
benefits must be perceived to outweigh the costs [36,51].
eHealth toolsthat incur no additional financial cost beyond staff
time [37,49] and ingtalation [54] can integrate with
preassembled data [37], are cheaper to purchase than full-size
computers [47], and are more likely to be adopted. Uptake is
optimized by external funding [51,53,54] and intervention
outcomes that minimize spending such as reduced resident
transition between care settings, for example, unplanned
hospitalization [36,49,53], or reduced anti psychotic prescriptions
[50].

Patient Needs

This refers to the extent to which resident needs are known,
prioritized, and pursued by a care home. A total of 3 novel
subconstructs were identified inductively.

Clinical Benefit
An important contributor toward successful implementation is
the  perceived clinica benefit for residents

[34,36,38,39,47,52,55,58]. eHealth interventions are reported
to hel p staff focus on theresident’s condition [47], better manage
residents’ symptoms and vital signs[34,55,58], improve safety
around medication administration [55], enable staff to attend
to residentsin atimely manner, and identify common behavior
patterns [38]. The positive impact of eHealth interventions to
minimize burdensome care transitions has al so been recognized.
Reduced unplanned hospitd transitionsare suggested to improve
residents’ quality of life [45] by preventing disruption in care
continuity with attendance to care needsin the care home [38].
Residents appreciate minimal journeys to acute care settings
[52] and the benefit of emergency telemedicine sessions to
deliver timely skilled health care interventions remotely [39].
Barriersto uptake of eHealth interventions pertained to opinions
that the intervention little benefited residents [48] by
inadequately monitoring and identifying resident change or
deterioration and failing to improve assessment processes [41].

Person-Centered Care

Interventions must be tailored to the individua and
accommodate changing resident needs if they are to be
successfully implemented [40,41,52]. Given the heterogeneous
population in care homes and variable incidence of dementia,
eHealth interventionswill not make apositive differenceif they
do not have the capacity to assist with dementia-specific needs
when required [40,41,45]. Extra consideration must go into
ensuring that technology is unobtrusive if used in the presence
of this patient group [40,52] who may lack the capacity to
understand the change in care. Where residents experience
cognitive, visual, or hearing difficulties, eHealth must be
tailored, such asthrough the provision of alarger monitor [52].

Resident Experience

A negative resident experience of eHeath obstructs
implementation [39,40,57]. Dissatisfaction stemsfrom devices
interfering with the time spent with staff [57] and aswitch from
face-to-face to remote communication [56]. Staff report concerns
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that using eHealth in the presence of residents may beintrusive
and dehumanizing [39,40]. Concerns tend to diminish with
continued use of eHealth tools, however, over time, staff
acknowledge that eHealth can improve care quality [39,52].
Other residents report no unintentional harm or negative effects
on communication [57], with 1 study attributing positive
findingsto residents, reporting that they felt more followed and
cared for [34].

Outer Setting

The outer setting is concerned with externa influences on
intervention implementation. Thiswas|east considered construct
across the studies, with the main focus on the * External policy
and barriers’ subconstruct. External barriersinclude policieson
themedical liability of telemedicine[53], licensing requirements
that do not allow physicians to consult across different parts of
the country [49], and issues around reimbursement policies
[52-54]. Externa financial support acts as an incentive to
circumvent the additional cost barriers to implementation
[40,53,54].

Inner Setting

The most commonly considered construct across the studies
wasthe inner setting, referring to the internal characteristics of
a care home. These focused on the 2 main subconstructs of
implementation climate (compatibility and learning climate)
and readiness for implementation (leadership, available
resources, and access to knowledge).

Structural Characteristics

Thestructural characteristics of the care home setting that affect
implementation successinclude the complex patient population,
with the heterogeneity of residents’ conditions affecting the
compatibility between the intervention and the care home
[35,60]. Care home size can al so affect the uptake of an eHealth
intervention, with larger homesfacilitating uptake through more
comprehensive provision of information technology services
or inhibiting uptake with larger home leaders exhibiting more
resistance to adoption and delivering training [43].

Implementation Climate

Compatibility

Portable eHealth devices that can be used at the point of care
[38,40,54] and during nighttime hours [36] prevent disruption
to workflow, thereby facilitating uptake[36,37,40,47,51,52,54].
Interventions are at an advantage if their goals are aligned with
those of the care home, for example, improving advance care
planning [37], and they may face resistance if they do not
support existing practice [40]. Providing individually tailored
implementation protocols [37] and delivering the intervention
when care homes are maximally staffed can ease adoption
[43,58].

Learning Climate

Creating aclimate within the care homethat encourageslearning
and active participation in the intervention is key
[32,39,43,44,51,52,59]. Staff membersin the frontline must be
receptive [43] and participate if they are to influence patient
outcomes [33,44] and affect care delivery [32]. Changes to
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personnel at the site [44] and rel uctance from staff [51,52,58,59]
undermine a conducive learning climate. Hierarchical staffing
can inhibit implementation [32,58] if junior staff feel they are
unable to speak up [32] or access the new tools [40,43]. If a
learning climate is not fostered, the staff lack practice in
delivering an intervention [32] and opportunities to share and
embed their learning to change practice [43].

Readiness for | mplementation

L eader ship Engagement

Organizational commitment from the top down is crucial
[31,32,37,43]. Staff |eaders and managerswho collaborate with
the research team [37] and lead by example through attending
training and contributing to data collection [43] foster an
engaged and cohesive workforce [39]. A lack of enthusiasm
from management can lead to delays in implementation and
reluctance from other staff [43]. Unwillingness and resistance
from general practitionersto change practice also act asabarrier
[32,39] and contribute to a fragmented learning climate [43].

Available Resources

Providing extra time for implementation planning
[33,39,41,46,52] and end-user training [32,33,42,46,52] is
required to accommodate achangein practice. A collective staff
opinion of insufficient time to adjust to change hinders
implementation [32,39,44,48,51,52,59]. Sufficient bandwidth
isrequired to allow eHealth to function properly [35,36,44,53],
and insufficient bandwidth can lead to significant motion
artefact [44] and jerky motion images [53]. Additional space
may be required for training, either within the home[42] or off
site [32]. Equipment needs may include extra computers [42]
and software [59], incurring further financial costs [32,51].
Reduced staffing [51], high staff turnover [44,58], and staff
absence [43] obstruct the implementation of eHealth
interventions. Limited resources can act as a barrier unless
benefits can be demonstrated to outweigh costs [43,51].
Managers need to consider the additional resourcesrequired to
accommodate adoption [43].

Accessto Knowledge and I nformation

Providing adequatetraining to end usersis crucial for promoting
uptake [31-33,35,37,38,40-44,48,51,52,56,59]. A variety of
educational methods are used, including interactive learning
strategies [56], lectures, exercises, and group discussions [59].
Training is often provided through a cascaded learning
train-the-trainer approach [37,43,48]. Preference varies as to
receiving training on the job [31,40,42] or continuously over a
designated period in the months leading up to implementation
[35,37,48]. Training tailored to individual needs[38,40,48] can
help facilitate uptake, whereas inadequate training can
negatively influence perceptions of intervention benefits[32,48]
and how staff disseminate knowledge to colleagues [32].
Incorporating a period of joint work and supervision from a
qualified external expert can further facilitate the benefits of
training [32].
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Individual Characteristics

This pertains to end users' individual beliefs, knowledge, and
attitudes toward eHealth and implementation. The findings
focused on 3 main subconstructs.

Knowledge and Beliefs About the I ntervention

Fostering a positive end-user attitude toward eHealth is key to
ensuring willing adoption. eHealth tools that are perceived as
high quality [45,48,53] and efficient [38,47,48,55], by cutting
back on paperwork [47] and providing instant access to data
[48], are more likely to be adopted. Interventions judged to
improve staff understanding and knowledge [39,48,52,56,58]
and benefit residents [36,39,48,58] are more likely to be used.
eHealth devices that improve overal job satisfaction
[45,48,55,56] while providing additional benefits, such as
reducing staff anxiety [38], and social featuresthat enrich staff
lives outside of work [47] encourage use. Conversely, negative
attitudestoward eHealth act as barriersto implementation. These
include concerns regarding a lack of care improvement
[39,41,4558], a preference to deliver care in person
[39,45,52,56], and concerns of inequity in health care provision,
resulting in difficulty obtaining family consent [39]. Other
barriers include a lack of positive impact on staff workload
[36,41,45], concerns over increased time and effort because of
implementation [36,39,51,52,58], and uncertainty about the
purpose of eHealth and how it works[43,46]. Thisindicatesthe
need for comprehensive training to highlight the benefits and
importance of implementing the intervention [48].

Self-efficacy

Self-efficacy refers to an individua's belief in their own
capabilities to implement an intervention. Low self-confidence
in ability [47,56,59] and apprehension toward using new
technology [38,47] can act asbarriersto implementation. These
can be overcome by providing sufficient training, which is
tailored to individual needs [38,40,48], and on-hand technical
support [36,56].

Other Personal Attributes

Other issuesthat affect implementation relate to staff willingness
and commitment to ensuring that the intervention is executed
as planned [32,33,44,59]. A lack of experience can also act as
a barrier if senior members of staff consider more junior
members to be less capable of participating [32,40,43,59]
because of age, grade, educational background, or experience
[32,59]. However, demonstrating that training designed for
medical caregivers is effective across disciplines and grades
should help dispel these notions [58].

I mplementation Process

This concerned reporting on the stages of the implementation
process that affect its success. A novel subconstruct was
inductively identified to capture data related to engaging end
users and other stakeholders.

Planning

Insufficient planning and preparation for change can result in
overwhelmed staff perceiving eHealth to be incompatible with
their care home [51], technology systems and facilities being
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inundated [42], and essential care being omitted [46]. Poorly
planned study timelines can lead to alow number of participants
if enough time is not alocated to recruitment [58] and to
implementation impact being undetected if insufficient timeis
allocated to following up and monitoring outcomes [48,57,59].
Time must also be allocated to prospectively explore different
types of eHealth to ensure suitability [54]. Multiple strategies
arerequired to initiate achange in behavior and routine practice
[32,38]. Developing contingency plans to support the program
[44,54] and establishing ateam whose primary goal isto assist
implementation can help facilitate uptake [59]. Staff members
must be fully informed of the aim of the intervention [43] and
have full clarity of their designated role to achieve maximum
impact [56].

Engaging: Champions

Engaging individualsiskey to successful implementation. This
isoften done through designating champions—individual sfrom
within an organization responsible for driving and supporting
implementation [32,35,37,43,48,58,59]. To be successful, there
must be a sufficient number of assigned champions in each
home [32]. They must be committed to the position [43] and
not feel undermined by others in leadership roles [32].
Designating championsis often undertaken by the team manager
[59] to ensure they are appropriately able to support other staff
members [43,48].

Engaging: End Users

Engaging champions alone isinsufficient; other staff members
must be involved for successful  implementation
[33,37,39,40,42-44,54,59]. For a change in the quality of care
to be observed, staff engagement must be sustained [43], with
all disciplines, including frontline staff [33,54] and corporate
leaders, committed to implementation [37]. Involving end users
in the design and development of technology [39,40,59] and
considering individual requirementsiskey if aninterventionis
to be embedded in anew context.

Execution

Low intervention fidelity is a challenge in complex care home
settings[35], and residents often do not receive theintervention
as planned [32]. Flexible protocols tailored to the care home
environment should be devel oped [37,44]. Barriersto successful
execution include lengthy gaps between initial contact with
participants and data collection and intervention activity, which
can undermine the coherence of the intervention [43].

Reflecting and Evaluating

Ongoing evaluation of progress is vital to ensure a new
intervention is effectively embedded [37,43,46,51,55,59]. This
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can be done using routine data collected through the eHealth
tool [43], through in-person visits to the home, monthly
conference calls, or video status reports [35,37] to determine
the effect and use of the intervention [46]. Receiving feedback
can also motivate care home participation, with an absence of
evaluative feedback leading to afeeling of being short-changed
[43].

Discussion

Principal Findings

This review investigated the key facilitators and barriers that
influence the implementation of eHealth interventionsto support
comprehensive assessment and decision-making for peoplewith
dementiain care homes. Our findingsinform amodel of eHealth
implementation in long-term care for people with dementia
(Figure 2). We identified 4 novel subconstructs (denoted in the
figure by an asterisk) required to adapt the CFIR to the care
home context and use of eHealth to enhance integrated care for
peoplewith dementia. This modification enablesthe framework
to accommaodate the context-specific findings identified in this
review and enhancesits use when applied to implement eHealth
in the care home context.

The 3 novel subconstructs—resident experience, clinical benefit,
and person-centered care—were identified within the patient
needs construct. No subconstructs have previously been
delineated here, and the framework was previously not nuanced
enough to capture the data and implementation requirements
for this population. Clinical benefit was the most commonly
identified theme, with the capacity to minimize burdensome
transition between care settings as a key facilitator of
implementation. Thisis echoed in the literature that highlights
the adverse impact of burdensome care transitions, both on the
resident [61] and on costs [62]. Although outcomes were not
the focus of this review, eHealth interventions are more likely
to be embedded if they can improve the delivery of integrated
health care where it is required, enhance integrated care, and
improve cost-effectivenessin the National Health Service[63].

Findings around the potential dehumanization of care reiterate
a concern raised previousy in relation to eHedth
implementation [64]. Although the aim of eHealth isto enhance
care delivery, entirely omitting in-person contact has clear
disadvantages. Striking the right balance between delivering
carefacetofaceand virtually iscrucial. Future research should
focus on delineating the components of health care that must
be delivered in person and identifying those that are more
amenable to remote delivery to ensure that care quality is not
compromised.
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Figure2. A model of factors that influence the implementation of eHealth in care for people with dementia.

*novel subconstructs identified in this review

The engaging subconstruct of the implementation process was
also modified for the purpose of this review. None of the
proposed subcategories of engaging (opinion leaders, formally
appointed internal implementation leaders, champions, and
external change leaders) were suitablefor capturing dataaround
engaging end users. The importance of involving end users
throughout the implementation process is akey finding and is
consistently advocated in the literature to help close the gap
between research production and clinical practice [65,66].
Therefore, a novel subcategory titled end users was added to
the CFIR. Contradictory findings regarding staff and resident
preferences on the design and use of eHealth devices are an
important indication that there is no one-size-fits-all approach
to eHealth implementation. This inconsistency in preferences
highlights the criticadl need to involve end users during
intervention development to accommodate a range of
requirements and enhance the likelihood of sustained
implementation. Progressing the CFIR to include a subcategory
suitable for data pertaining to all stakeholders' input increases
its relevance and applicability for this context.

The most salient construct identified in this review was inner
setting of the implementing organization. This is concurrent
with the existing research on care homes. A systematic review
by Goodman et al [67] identified many of the same factors that
influence the readiness of care homes to participate in change.
These include ensuring compatibility between the intervention
and existing care home routine, providing sufficient training
and resources, and engaging care home leaders. Both reviews
highlight the significance of the organizational context on
implementation success and the need to consider context in the
planning stage to inform study design rather than retrospectively.
This is contrary to a review of determinants for eHealth
implementation withinformal caregiversin thecommunity [68],
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where few factors relating to context were identified as
important. Thisindicatesthat factorsinfluencing implementation
may not be consistent across health care settings and stresses
theimportance of understanding specific contextual factorsand
tailoring implementation strategies accordingly.

One of the most prominent determinants of implementation
identified in thisreview was the complexity of theintervention,
consistent with previous findings highlighting ease of use as
the most important facilitator of eHealth adoption. The
nonadoption, abandonment, scale-up, spread, and sustainability
framework [69] was developed specifically in response to the
finding that eHealth, which is categorized as complex israrely,
if ever, successfully embedded in mainstream care. It aims to
help innovators and implementers measure and minimize
complexity in eHealth and scale-up and sustain innovation, and
therefore, it could helpfully be used in this context.

Implicationsfor Policy and Clinical Practice

Using the most salient subconstructs of the framework, a
conceptua model was devel oped to highlight the most important
factors that influence the implementation of eHedth
interventions to enhance integrated care focusing on care
processes of comprehensive assessment and decision-making
about care and treatment (Figure 2). The findings can be
trandated into practical recommendations for organizations
aiming to embed eHealth within long-term care settings for
people with dementia (Textbox 2). The model indicatesthat for
implementation to be successful, eHealth devices must be low
cost, simple to use, and tailored to the care home setting and
residents. It must be clinically beneficia to the residents, with
special  consideration  of  changing,  multimorbid
dementia-specific needs. Extensive planning and engagement
of care home leaders, end users, and champions in the
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development and implementation process are key to ensuring  optimistic about a change in practice is crucial to fostering a

successful execution. Providing sufficient training and resources
to ensure that care home staff feel valued, motivated, and

positive implementation climate.

Textbox 2. Practical recommendation for implementation of eHealth in long-term care for residents with dementia

Patient needs

Intervention characteristics

«  Technical support should be easily attainable and readily available.

Outer setting

during the COVID-19 pandemic.

Inner setting

and equipment and extra staff time.

Individual characteristics

Implementation process

requirements.

Consolidated Framework for Implementation Resear ch constructs and practical recommendations for eHealth implementation

« eHealth should be tailored to the individual resident and accommodate changing and complex needs.
« It should be unobtrusive and not replace in-person contact or compromise care quality.

« eHealth must not just streamline workload but clinically benefit the resident and improve outcomes.

«  eHealth should be user-friendly and accessible to increase sustainability.

« eHealththat isinteroperable with current systems is advisable to minimize installation cost and complex new learning for end users.

« Policiesthat endorse eHealth use in care homes ease implementation, for example, rapid policy-driven implementation of remote consultations

« eHealth tools should be tailored to care home settings to fit with existing workflow and care home values.

«  Engaging care home leaders in the intervention is key to promoting enthusiasm and a cohesive working environment.
«  Staff participation and learning about eHealth should be encouraged.

«  Sufficient training should be provided for end users, which should be tailored to individual requirements.

« Additional resources need to be allocated to accommodate a change in practice. These include technological requirements such as bandwidth

« Fostering a positive staff attitude toward eHealth is essential for uptake.
«  Thetool should benefit staff by easing workload, increasing knowledge, and improving job satisfaction.

«  Preparation for change and consideration of implementation timelines, strategies, and contingency plansin advanceis crucial.
«  Champions should be designated in each care home to drive and support implementation.

«  Endusersand other stakeholders should be engaged from an early point and consulted in the implementation process to accommodate individual

«  Ongoing evauation and reflection on uptake and adherence to eHealth should occur to inform any necessary developments and improvements.

CFIR Framework

The CFIR is a comprehensive determinant framework and is
chosen to guide analysis owing to its previous application with
eHealth interventions [68,70,71]. Generally, the extracted data
were amenableto the CFIR, with no dataleft uncoded. However,
33% (13/39) of the subconstructs had no associated data (Table
2), concurrent with findings from a previous review of eHealth
implementation across health care settings [ 70]. Thisconsistency
either suggests that some subconstructs are not relevant to
implementing eHealth or highlightsalimitation of the evidence
base and lack of existing literature for this setting and
population. These areas of uncertainty are important for
informing future research, which should focus on identifying
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barriers to and facilitators of the implementation of these
underresearched constructs.

Strengths and Limitations

A systematic approach to this review allowed for the rigorous
and thorough identification of the relevant literature. Evidence
synthesiswas theory driven and guided by the CFIR, which has
been built upon here to increase its relevance in eHealth and
long-term care contexts.

Although this review specifies care home residents with
dementia asits population of interest, only 38% (11/29) of the
included studies had an exclusive dementia population. This
was to reflect the real-world heterogeneous populationsin care
homes and include interventions that were suitable at an
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organizational level rather than the individual level. Although
there was no rea difference in factors that influence
implementation between dementia-specific and mixed
populations, caution must be exercised when extrapol ating these
findings to homogeneous dementia popul ations.

Gray literature was not included in this review. This was
because, when identified, it provided little data on the factors
that influence implementation. This could have excluded
relevant data on the eHealth interventions used in care homes.
A recent scoping review on telehealth during the COVID-19
pandemic reported arapid rise in eHealth during the pandemic
[72].
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Conclusions

To our knowledge, thisisthefirst review to synthesize evidence
on the implementation of eHeadth interventions focusing
specifically on improving assessment and decision-making in
care homes for people with dementia. We adapted the CFIR
and progressed its applicability for use in this context. We
developed aconceptual mode to demonstrate the most important
factorsto consider when designing and implementing an eHealth
intervention and translated it into 18 practical recommendations
for implementers, innovators, and organizations to implement
eHealth for people with dementiain long-term care. Particular
focus should be placed on the individual care home setting and
on the consideration of resident and end-user needs when
developing an implementation strategy for use in this context.
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Abstract

Background: Digita health interventions have revolutionized multiple sclerosis (MS) care by supporting people with MS to
better self-manage their disease. It is now understood that the technol ogical elementsthat comprise this category of digital health
interventions can influence participant engagement in self-management programs, and peoplewith M S can experience significant
barriers, influenced by these elements, to remaining engaged during a period of learning. It is essential to explore the influence
of technological elementsin mitigating attrition.

Objective: Thisstudy aimed to examine the study design and technological elements of documented digital health interventions
targeted at people with MS—digital health interventions that were intended to support a program of engagement over a defined
period—and to explore how these correlated with attrition among participants of randomized controlled trials (RCTS).

Methods: We conducted a systematic review and meta-analysis of RCTs (n=32) describing digital health self-management
interventions for people with MS. We analyzed attrition in included studies, using a random-effects model and meta-regression
to measure the association between potential moderators.

Results: There were no measured differences in attrition between the intervention and control arms; however, some of the
heterogeneity observed was explained by the composite technological element score. The pooled attrition ratesfor the intervention
and control arms were 14.7% and 15.6%, respectively.

Conclusions: This paper providesinsight into the technological composition of digital health interventions designed for people
with MS and describes the degree of attrition in both study arms. This paper will aid in the design of future studiesin this area,
particularly for digital health interventions of thistype.

(J Med Internet Res 2022;24(2):€27735) doi:10.2196/27735

KEYWORDS

digital health; meta-analysis, self-management; eHealth; attrition; digital health interventions, DHI; multiple sclerosis; MS;
randomized controlled trials

treatments and symptom management; however, the delivery

Introduction of health care for MS is becoming increasingly supported by

Multiple sclerosis (MS) is a chronic neurological disease that
affects over 2 million people globally [1]. The disease course
of MS is highly variable and can be associated with a
progressive decline in physical and cognitive function. The
current treatment for M Sinvolvesthe use of disease-modifying

https://www.jmir.org/2022/2/e27735

digital health interventions.

People with MS readily seek out web-based information on
their disease and appear to do so at rates higher than those with
other neurological conditions[2,3]. Further, many people with
MS engage with digital technologies to manage their disease,
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including exchanging medical information with health care
providers or to assist in making and maintaining positive
lifestyle changes [4]. Digital health interventions that support
learning to self-manage M S and scaffold learning and practicing
over a specific period of time are a particular subset of digital
health interventionsfor peoplewith MS. Evidence suggeststhat
there are barriers to remaining engaged for the recommended
duration in these interventions [5] and technological elements
that could support engagement (such asinteractivity, multimedia
components, or feedback) can play apivotal rolein ameliorating
attrition. Understanding the extent to which these technol ogical
elements may impact engagement by people with MSin such
digital health interventions remains to be explored and is a
necessary next step in designing and evaluating such digital
health interventions.

We conducted ameta-analysisto addressthe following primary
questions: (1) is there a difference in attrition for participants
that were all ocated to theintervention in randomized controlled
trials (RCTs) of digital health interventionsfor peoplewithMS
between intervention and control arms? (2) How do study
characteristics and technological elements of digital health
interventions influence observed degrees of attrition?

Methods

Eligibility Criteria

Studies were dligible for inclusion in the review if they met
each of thefollowing predetermined criteria: (1) describe RCTs
examining atreatment intervention or interventionsfor MS; (2)
were delivered via a technologica platform (ie, a
“computer-assisted” or “web/internet-based intervention” or
“eHealth/mHealth”), limited to a PC or to Mac, smartphone,
and tablet devices. Interactivity and communication over a
specified period of time wereimportant components; therefore,
episodic teleconferencing or telemonitoring and virtual
reality—only interventions were excluded; (3) included study
participants with a diagnosis of MS (any type); (4) reported
attrition for those all ocated to the intervention or control group
upon conclusion of the intervention and study period, and the
intervention and control arms were randomized from the same
subject population; that is, no comparisonswith healthy controls.

Search Strategy

A literature search was conducted on April 30, 2021, for
published studies in the following databases: |IEEE, Medline,
Scopus, and CINAHL. The search contained terms related to
identifying online interventions: (online OR web-based OR
internet OR digital OR virtual OR computer-assisted OR
mhealth OR mobile OR smartphone OR ehealth OR telehealth
OR telemedicine OR app), aterm identifying multiple sclerosis
(multiple sclerosis), and a Medical Subject Headings (MeSH)
term (telemedicine).

Reference lists and in-text citations were also screened for
additional studies, as well as recommendations via
correspondence from authors of other included studies.

https://www.jmir.org/2022/2/e27735
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Selection and Data Collection

Duplicates were first removed within and between databases.
The remaining articles were then screened on the basis of their
titles and abstract; thereafter, the eligibility of the final papers
was confirmed following review of thefull-text articles (Figure
1). Extraction of study characteristics and outcome data was
conducted by authors WB and TW.

Thefollowing study characteristicswere extracted: study design,
study population, country, intervention type, control and
comparison intervention, mean age of participantsin both arms,
percentage of femal e participants, years since diagnosis, length
of intervention in weeks, number of sessions, length of timeto
final follow-up assessment in weeks, attrition in the intervention
and control arms upon conclusion of the intervention, and
primary outcome measures. |n studieswhere there were multiple
intervention or control arms, attrition data from intervention
arms were combined and attrition data from control armswere
combined for meta-analysis purposes[7].

Each study was scored on the basis of itstechnological elements
by WB in accordance with the published manuscript. The
scoring system used was adapted from Barakat et al [8], who
developed it for use in web-based eTherapy programs targeted
to eating disorders. Studieswere scored in accordance with four
domains:

« multimedia channels (written
graphics/images="1," audio/voiceover="2,"
simulation/3D virtual reality="4");

text="1,
video="3/”

« degree of user interactivity (questionnaires="1,"
quizzes="1," goa setting/to - do list="2," homework
tasks="3, user dashboard="3," forums="3,”

self - monitoring tools="4," interactive exercises="4,"
virtual games="4,” video coaching with professional="4");

« level of automated feedback (motivational pop - ups="1,"
reminders="2," nonpersonalized feedback="3"),
personalized feedback (telephone or email)=“4");

« technological devicethrough which the program was made
accessible (outdated technology; eg, compact disk
read - only memory (CD - ROM)="1," moderntechnology;
eg, tablet, desktop computer, laptop, and mobile
phone="2").

The reporting of technological features of digital health
interventions was often vague or absent in publications,
therefore, it was necessary to survey each author regarding their
examined web-based intervention to clarify scoresin accordance
with the system adapted from Barakat et a [8]. An email was
sent out to authors who had not completed the survey. These
authors were sent a summary of the initial scoring by WB and
asked to confirm that all the elements listed were present in
their study and to identify any that were missed. In total, 19 of
the 32 studies responded and the remaining 11 provided
additional elementsthat were not identified in theinitial screen
by WB. In total, 3 of the 33 studies [9-11] provided access to
the program itself and provided confirmation of elements.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram [6]. RCT: randomized controlled trial.

Quality Appraisal

The methodological quality of the final studiesincluded in the
review was assessed by author WB using the Cochrane Risk of
Biastool 2 [12]. The tool uses five domains to assess the bias
within study design: alocation concealment and random
sequence generation, blinding of participants and study
personnel, blinding of outcome assessment, incomplete outcome
data, and selective reporting of data. Briefly, each domain is
composed of questions, to which the response can be “yes,”
“possibly yes” “possibly no,” “no,” and “no information.”
Based on answers, each domain is scored as “low risk,” “some

https://www.jmir.org/2022/2/e27735
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concerns,” or “high risk,” whereby the overall judgement is
made by the combination of all domains.

Statistical Analyses

Analyses were conducted using Stata (Stata/SE 16 for Mac,
StataCorp).

Meta-analysis

The Statacommand meta [ 13] was used for meta-analysis. The
input variables required by meta were contained in a2x2 table;
that is, number of individuals who did and did not experience
the“ outcome event” in either the treatment or the control group.
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To compare study attrition rates between theintervention groups
and the control group, risk ratios were meta-analyzed using the
default restricted maximum likelihood method. L og-transformed
relativerisk of attrition was computed separately for each study,
weighted by theinverse of study variance, and pooled to create
a summary effect. Studies with no loss to follow-up in one of
the intervention or control arms were adjusted by adding 0.5 to
each cell within a study’s 2x2 table, enabled by meta-analysis
settings within Stata. Studies with no attrition in both
intervention and control arms were excluded from the
meta-analysis as is best practice [14]. Heterogeneity was
assessed using the |2 statistic. Publication bias was assessed by
funnel plots. Data were exponentiated and also presented as a
Forest plot using the meta forestplot command in Stata.

M eta-regression

Meta-regression was used to examine the relationship between
the log-transformed relative attrition rates, and various study
characteristics, participant demographics, and intervention
technological elements. Study characteristicsincluded the type
of control, type of intervention, duration of the study, and
duration to the final follow-up. Type of control was
dummy-coded as follows: wait-list, active control, usual care
or active control computerized (1, 2, 3, 4). The type of
intervention was dichotomized owing to small numbers of
observations dummy-coded as follows: containing an exercise
or physiotherapy condition or other (1, 2). The length of the
intervention period was converted to years and evaluated as a
continuous variable.

Demographic elements included the type of MS, mean age of
the participants, female-to-male ratio, and years since disease
onset. Thetype of M Swas dummy-coded aseither all M Stypes
or relapsing-remitting MS (1, 2).

The intervention technological elements that could support
engagement were asfollows: multimediachannels, interactivity,
and feedback; overall score was the sum of these 3 elements.
This analysis omitted the element that assessed how the
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intervention was made accessible since al interventions used
desktop computers. An attempt was made to further clarify
whether interventions were designed to accommodate multiple
platforms, but this remained unclear for many studies.

Variables were first examined individually and then jointly as
asingle meta-regression model informed by a directed acyclic

graph.

Results

Results Overview

The database search retrieved 1167 articles, of which 187 were
duplicates. After duplicates were removed, titles and abstracts
of the remaining 835 were screened. Of these, 127 articleswere
obtained for full-text review. In total, 95 papers did not meet
the inclusion criteria and were excluded after full-text review.
Of the excluded papers, 34 were not applicable interventions,
36 were not RCTSs, 10 had the wrong subject population, and
15 others were excluded for other reasons (Multimedia
Appendix 1). Intotal, 32 papersthat described 32 studieswere
eligible for meta-anaysis.

Study Characteristics

Details of the study characteristics for the 32 included papers
are reported in Table 1. Of the 32 studies, 10 were published
before 2015, and the earliest paper was published in 2004. A
total of 23 of 32 studies included all types of MS, 8 included
only people with relapsing-remitting MS, and 1 included
primary-progressive MS (PPMS). Two included any type of
MS if fatigue was a symptom, 2 others included any type of
MS if depresson was a symptom, 1 assessed whether
participants experienced migraines, and 1 only assessed whether
participants experienced severe disability. The mean length of
interventions was 14.0 (SD 10.2) weeks, and the mean length
to last follow-up was 20.9 (SD 12.1) weeks. In total, 20 of 32
studies reported a high risk of bias upon quality appraisal with
none reporting low risk (Figure 2).
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Table 1. Characteristics of the included studies.
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Study Population Country Participant  Females, % Intervention type Control Length of Maximum
age (years), type theinterven- follow-up
mean tion (weeks)  (weeks)

Dlugonski, Relapsing-remitting  United States 46.65 84 Exercise Wait-list 12 13

Donkers, All types of multiple  Canada 41.30 85 Exercise Wait-list 4 4

2020 [16] sclerosis

Ehling, All types of multiple  Austria 48.60 45 Exercise Active 24 26

2017 [17] sclerosis

Flachenecker, ~All types of multiple  Germany 47.00 61 Exercise Usual care 13 39

2020 [18] sclerosis

Frevel, Relapsing-remitting ~ Germany 45.60 84 Exerciseandfals Active 12 12

2015 [19] multiple sclerosis prevention train-

ing

Kannan, All types of multiple  United States 55.75 70 Exercise Wait-list 8 22

2019 [20] sclerosis

Motl, Relapsing-remitting  United States 45.85 91 Exercise Wait-list 13 13

Motl, All types of multiple  United States 51.90 85 Exercise Wait-list 24 24

2017 [22] sclerosis

Nasseri, Primary-progressive  Germany 51.10 51 Exercise Usua care 12 12

Pilluti, All types of multiple  United States 49.00 76 Exercise Active 8 26

2014 [24] sclerosis (computer)

Talner, All types of multiple  Germany 40.80 75 Exercise Wait-list 13 26

2016 [25] sclerosis

Paul, All types of multiple  United Kingdom 51.25 75 Physiotherapy Wait-list 12 13

2014 [10] sclerosis

Paul, All types of multiple  United Kingdom 56.05 77 Physiotherapy Active 26 39

2019 [11] sclerosis

Amato, Relapsing-remitting  Italy 409 78 Cognitiverehabil-  Active 36 49

2014 [26] multiple sclerosis itation (computer)

Boeschoten,  All types of multiple  Netherlands 48.90 82 Problem-solving  Wait-list 10 174

2017 [27] sclerosis with depres- treatment for de-

sion pression

Chmelarovd, All typesof multiple Czech Republic  41.90 78 Cognitiverehabil-  Active 8 8

2020 [28] sclerosis itation

Fischer, All types of multiple  Germany 45.28 78 Cognitive be- Wait-list 9 26

2015 [29] sclerosis with depres- havioural therapy

sion

Messinis, Relapsing-remitting  Greece 45.60 69 Cognitiverehabil- Usual care 10 26

2017 [30] multiple sclerosis itation

Minen, All types of multiple  United States 39.70 89 Cognitive be- Usua care 13 26

2020 [31] sclerosis with mi- havioural therapy

graine

Moss-Morris, All types of multiple  United Kingdom 40.95 0.82 Cognitive be- Wait-list 8 10

2012[32] sclerosis havioural therapy

Pedulla, All types of multiple  Italy 47.60 68 Cognitivetrain-  Active 8 26

2016 [33] sclerosis ing (computer)
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Study Population Country Participant ~ Females, % Intervention type Control Length of Maximum
age (years), type theinterven- follow-up
mean tion (weeks)  (weeks)

Pottgen, All types of multiple  Germany 41.35 81 Cognitive be- Wait-list 12 24

2018 [34] sclerosis with fatigue havioural therapy

Solari, All types of multiple  Italy 43.70 64 Cognitive be- Active 8 16

2004 [35] sclerosis havioural therapy (computer)

Stuifbergen All types of multiple  United States N/A2 89 Group cognitive  Wait-list 8 13

2012 [36] sclerosis rehabilitation

Stuifbergen All types of multiple  United States N/A 88 Group cognitive  Usual care 8 26

2018 [37] sclerosis rehabilitation

van Kessdl, All types of multiple New Zealand 43.00 74 Cogpnitive be- Active 10 10

2016 [38] sclerosis with fatigue havioural therapy

Veldkamp, All types of multiple  Belgium 52.4 58 Cognitivetrain-  Active 8 12

Cavalera, Relapsing-remitting  ltaly 42.73 65 Mindfulness Active 8 26

2019 [40] multiple sclerosis training

Kasper, All types of multiple  Germany 40.1 71 Health literacy Active 0.14 0.14

2017 [41] sclerosis (computer)

Miller, All types of multiple  United States 48.10 79 Falls prevention  Active 52 52

2011 [42] sclerosis training

Dorstyn, Relapsing-remitting  Austraia 41.30 85 PowerPoint to Wait-list 4 4

2018 [9] multiple sclerosis build work skills

Cerasa, Relapsing-remitting  ltaly 32.7 75 Cognitiverehabil-  Active 6 6

2013 [43] multiple sclerosis itation (computer)

3N/A: not applicable.
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Figure 2. Risk of bias assessment summary using the Cochrane Risk of Biastool. I TT: intention-to-treat; PP: per-protocol.
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Study Populations

Themean samplesizeacrossall 32 studieswas 97.7 (SD 121.8).
The smallest study contained 18 participants[19] and the largest
682 participants [41]. The median numbers of participants in
the intervention and control arms at the final follow-up were
33 and 27, respectively.

Types of Digital Health I ntervention and Control

All studies included a program aimed at people with MS
delivered viaweb-based technology, with 2 studies[36,37] that
included in-person components. The program ranged from 0.14

https://www.jmir.org/2022/2/e27735
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week to 52 weeksintended duration. Intotal, 15 of the 32 studies
included a cognitive behaviora training element, 11 included
an exercise training component, 2 included web-based
physiotherapy, 1 included a fall prevention intervention, 1
included a program to build “returning to work” skills, 1
included a program to build health literacy, and 1 included a
mindful ness intervention.

In total, 12 of the 32 studies used a wait-list control, while 7
studies used a usua care control. Eight studies used a
noncomputerized active control, which included a physical
activity regime[17-19,42], physiotherapy [11], modified version
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of theintervention [38,39], or non—M S-specific psychoeducation
[40Q]. Five studies used a computerized active control, which
were all broadly modified versions of the intervention
[26,33,35,41,43].

Digital Health Intervention Characteristics App

Complete scoring information for each individua study is
available in Multimedia Appendix 2.

Multimedia

The mean multimedia score across all 32 studies was 3.5 (SD
2.2). Intotal, 29 of the 32 studies contained written text. Two
of theremaining 3 studiesthat did not include written text were
a gamified web-based cognitive training program [36,37], and
1 study described aweb-based, asynchronous messaging system
that uses electronic personal health records[42]. In total, 15 of
32 studies contained video or animation, half of al studies
including images or graphics, and only one study used audio
voiceover to augment written material [27].

Interactivity

The mean interactivity score across all 32 studieswas 5.2 (SD
3.3). Eight of 32 studies contained homework tasks[9,27,32,34,
36-38,40], which varied from set questions or self-directed
learning to diary entries between course sessions. In total, 15
of 33 studies contained a self-monitoring component
[10,11,15,16,18,21-25,31,32,38,42], which varied from a
validated tool integrated within the program to generic
mood-related questions and diary entries. Nine studiesincluded
interactive exercises or games [26,28,30,33,35-37,39,43], 5
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studies contained goal-setting elements [15,21,22,24,38], 3
contained forumsfor interaction with other participants[20-22],
3 contained video coaching or interactive meditation by
professionals [15,24,40], and 1 contained a questionnaire or
quiz [32].

Feedback

The mean feedback score acrossall 32 studieswas 2.8 (SD 2.4).
In total, 14 of 32 studies included feedback [9-11,16,
18,19,21,22,27,28,36,37,39,40], which ranged from persondized
feedback from atrained staff member or professional to general
feedback delivered automatically via the web-based platform.
Reminderswereincludedin 6 of 17 studies[15,17,20,25,32,42],
which prompted usersto complete the sessions, while 2 studies
also included reminders on when new content was added or
existing content was updated [21,22].

Meta-analysis

The final meta-analysis included 29 studies after 3 exclusions
due to no attrition in both the intervention and control arms.
Meta-analysis described an overall effect size of =0.993 (95%
Cl 0.95-1.04) and aP value of .75, which indicates no statistical
difference in the degree of attrition between the intervention
and control arms (Figure 3). The test of homogeneity of
study-specific effect sizes (Q) was rejected (P<.01). The data
also suggested the presence of amedium level of heterogeneity
between studies (1>=50.50). There is evidence of publication
bias as described by the funnel plot showing some asymmetry
(Figure 4).
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Figure 3. Individual effect sizes and forest plot of the difference in the degree of attrition between the intervention and control arms of the included
studies within our analysis (negative values indicate greater attrition in the intervention arm than in the control arm and vice versa).
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Figure 4. Contour-enhanced funnel plot of the relative attrition rates (>0 indicates a higher attrition rate in the intervention condition).
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Meta-regression

Univariable Association

Univariable assessment of study characteristics and eHealth

between length-of-treatment, weeks to last follow-up, type of
control, MS type, feedback or interactivity, or attrition was
observed. Lower attrition was observed when eHealth elements

elements are described in Table 2. No significant association

overall score and multimedia score were higher.

Table 2. Univariable meta-regression model describing the association between differential attrition and study characteristics.

Variables Coefficient (95% CI) P value
Length of treatment (years) 1.00 (1.00-1.00) .88
Active control 1.03 (0.92-1.15) .64
Usual care 1.07 (0.92-1.23) 38
Active control computerized 1.06 (0.94-1.20) .29
Relapsing-remitting multiple sclerosis 1.03(0.93-1.14) .60
Primary-progressive multiple sclerosis 1.12 (0.89-1.42) 31
Non—cognitive behavioral therapy intervention 1.01 (0.92-1.10) .88
Mean age (years) 1.00 (0.99-1.01) .60
Female-to-male ratio 0.99 (0.99-1.00) .01
Years since onset 1.01 (0.99-1.04) .28
Overall score 1.00 (1.00-1.01) .20
Multimedia subscore 1.02 (1.00-1.04)2 .03
Interactivity subscore 1.00 (0.99-1.02) 47
Feedback subscore 1.00 (0.98-1.02) .79

Y talicized values are significant at P<.05.
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Multivariable Models
Adjustment for other covariates did materially impact the
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association of overall score with attrition, which was significant
(P<.01; Table 3). After adjustment, the multimedia subscore
remained a significant association (P=.03; Table 4).

Table 3. Multivariable meta-regression model describing the association between overall score and attrition.

Variables Risk ratio (95% ClI) P value
Overall score 1.01 (1.00-1.03)2 .01
Length of treatment (years) 1.08 (0.85-1.39) .50
Active control 1.04 (0.88-1.22) .46
Usual care 0.96 (0.79-1.16) 64
Active control computerized 1.15(0.97-1.37) .09
Nonexercise intervention 0.97 (0.88-1.08) .59
Relapsing-remitting multiple sclerosis 0.99 (0.88-1.12) .84
Primary-progressive multiple sclerosis 1.11(0.82-1.49) A48
Female-to-maleratio 0.99 (0.99-1.00) 13
Mean age (years) 1.00 (0.99-1.01) 91
Ytalicized values are significant at P<.05.
Table 4. Multivariable meta-regression model describing the association between multimedia subscore and attrition.
Variables Risk ratio (95% CI) P value
Multimedia subscore 1.04 (1.00-1.08) 2 .03
Length of treatment (years) 1.14 (0.87-1.48) 32
Active control 1.05 (0.89-1.24) .53
Usual care 0.99 (0.82-1.20) 94
Active control computerized 1.09 (0.93-1.28) .28
Nonexercise intervention 1.01(0.92-1.11) .84
Relapsing-remitting multiple sclerosis 1.01 (0.90-1.14) .80
Primary-progressive multiple sclerosis 1.06 (0.79-1.42) .68
Female-to-maleratio 1.00 (0.99-1.00) .34
Mean age (years) 1.00(0.98-1.01) .55

Y talicized values are significant at P<.05.

Discussion

Principal Findings

The aim of this systematic review and meta-analysis was to
describethe study characteristics and technological components
of digital health interventions that supported people with MS
through aprogram of learning and practicing self-management,
and then investigate any associations these factors may have
with attrition. Our meta-analysisfound no differencein attrition
between participants allocated to intervention and control arms
of the included RCTs. A multivariable association was found
between degree of attrition and overall score, which was not
observed in the univariable model, and between the degree of
attrition and the multimedia subscore in both univariable and
multivariable models. This suggeststhat among included studies,
theinteractivity subscore wasthe main driver in the association
observed between overall score and degree of attrition; that is,
thelikelihood of attrition within theintervention arm compared

https://www.jmir.org/2022/2/e27735

with the control arm was associated with the inclusion of
interactive elements such as self-directed tasks or
self-monitoring.

Only 8 of the 32 studies described a design process or
framework by which the intervention was developed.
Development methods included engagement with the MS
community [9,10,31,32,38], design with practitionersand allied
health professionals [34], both [31], or followed a preset
development plan [23]. There was no association observed
between the number or type of technological elements used
within theintervention and whether the study used or described
a development framework. It is possible that a greater degree
of consultation with the MS community during design phases
doesnot necessarily lead to agreat quantity of or more complex
technological features. This highlights that while engagement
with communities during the design phase is important, it is
crucia to ensure this engagement is constructive and not
perfunctory. Population preferences for number and type of
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features require further exploration; however, our findings
suggest that elaborate features are not necessarily what people
with MS want in aweb-based intervention of this kind.

Interestingly, length of intervention was not associated with
attrition in either control or intervention arms. Intuitively, the
longer the intervention itself, the greater the potential attrition
from these studies, in which a negative relationship between
atrition and length of treatment for self-management
interventions for people with MS has been reported [45]. It is
possible that the role of treatment length in attrition may only
be true at longer time frames than in the included studies of
both meta-analyses. Another likely variable is the number of
sessions or time in contact with participants. It is possible that
rather than the length of the intervention being amediator, it is
the time participants are exposed to the intervention (“dose”).
Studies infrequently report these data; therefore, this needs to
be addressed in future studies.

Another interesting finding is that the mean average attrition
rates in the intervention and control arms were 14.7% and
15.6%, respectively, which is a useful figure for calculating
sample sizes for future studies. A previous meta-analysis
investigating attrition rates based on published studies of
existing self-management interventions for people with MS
reported pooled attrition rates of 16.8% and 14.4% for the
intervention and control groups, respectively [45]. Interestingly,
studies that used face-to-face delivery of interventions were
described as having higher attrition rates. Our analysis supports
their pooled data attrition rates, which indicates that there may
not actualy be a difference between face-to-face and
non—face-to-face digita health interventions of this kind.
Further, their meta-analysis described associations between
attrition and sex, age, and length of intervention, which was not
observed in our data set. As their data was pooled between
face-to-face and other modes of delivery, it is possible that the
web-based mode of delivery may be mediating that relationship
in our analysis.

Importantly, 9 of 32 studiesdid not report any outcomes rel ated
to the use of the intervention or technological elements within
their intervention; they only reported primary outcome measures
related to health outcomes. In total, 15 of 32 studies reported
logins, app use, or sessions completed, while only 4 studies
reported any interactions between participants and technol ogical
elements that were not directly related to the primary outcome
measure. This has implications of measuring the “dose” for
digital health interventions, whereby factors not reported may
have an impact on the outcome measures reported aswell ason
attrition. Studies describing digital health interventions should
address thisin the future.

Limitations

Technological el ementswere underreported in published papers
as evidenced by the authors of 10 of 32 studies needing to be
followed up to provide information not accessible within the
papers. It is possible that this analysis failed to capture the
entirety of the included technological elements present within
these studies;, however, this is unlikely with the follow-up
procedure. The need for better reporting of digital health
interventions is crucia in ensuring reproducibility and
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assessment of web-based interventions, especially as several
accessible frameworks exist directed at digital tools [44,46] or
more generaly [47]. Providing accessto explore theintervention
itself—as 3 authors did for this study—may be another solution,
although it is not feasible for some studies.

Digital hedlth interventions are not new; however, there have
been fewer published studieson their usein MS compared with
other chronic conditions; a greater number of studies would
make the meta-regression more reliable. Further stratification
of participants may provide greater insight into the attrition in
these interventions by accounting for digital literacy, level of
accessto technology infrastructure, and better general reporting
of the intervention design overall.

While the scoring system used for technological component
ratingsin thisreview has previously been used and was created
in accordance with guidelines for digital intervention
development, this systemisnot yet validated. Several additions
were made to this scoring system to accommodate features that
were not included, and it is possible that these additions have
compromised internal validity. Analysis was undertaken using
the previous, unmodified scoring system and revealed no
changes to the results using our modified scoring system;
however, caution must be applied to interpreting these results
before validation has occurred. Additionally, while the scoring
was derived from both publication and authors themselves, it
is possible there were inaccuracies due to misinterpretation or
inability to recall.

It is possible that using qualitative methods and direct
observations to understand the ways in which people with MS
engage with technological components of these digital health
interventions is a better predictor of attrition than merely
quantifying and scoring the components themselves.
Unfortunately, no studies provided the data required to carry
out these analyses. It aso possible that analyzing individual
components of the subscores for multimedia, interactivity and
feedback, rather than overall subscores themselves, may
elucidate further associations; however, the weighting within
these subscores of the different components aims to address
this.

The inclusion criteria were also strict on the definition of the
digital health interventions of interest to us. This excluded
studies that were exclusively virtual reality interventions and
those that were exclusively telemonitoring or conferencing.
These exclusions may have biased our data. It is noteworthy
that the category of digital health interventions of interest to us
is not well-defined in the major taxonomy of digital health
interventions published by the World Health Organization; the
category Interventions for Clients, this describes
“communication” but overlooksthe structuring and scaffolding
of interventions that would be better described as “education”
[48].

Conclusions

In conclusion, this study describes no difference in the rates of
attrition between participants allocated to the intervention and
control armsin digital health interventionsfor peoplewith M S.
An association between overall technological elements score
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and attrition was observed; however, the underlying mechanism  these elements play in retention in web-based interventions.
is unclear. Future studies should further investigate the roles
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Abstract

Background: There are ahost of emergent technologies with the potential to improve hospital carein low- and middie-income
countries such as Vietnam. Wearable monitors and artificial intelligence—based decision support systems could beintegrated with
hospital-based digital health systems such as electronic health records (EHRS) to provide higher level care at arelatively low
cost. However, the appropriate and sustainable application of these innovations in low- and middle-income countries requires an
understanding of the local government’srequirements and regul ations such as technol ogy specifications, cybersecurity, data-sharing
protocols, and interoperability.

Objective: This scoping review aims to explore the current state of digital health research and the policies that govern the
adoption of digital health systemsin Vietnamese hospitals.

Methods: We conducted a scoping review using a modification of the PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews) guidelines. PubMed and Web of Science were searched for academic
publications, and Th Vi n Phap Lu t, a proprietary database of Vietnamese government documents, and the Vietnam Electronic
Health Administration website were searched for government documents. Google Scholar and Google Search were used for
snowballing searches. The sources were assessed against predefined digibility criteriathrough title, abstract, and full-text screening.
Relevant information from the included sources was charted and summarized. The review process was primarily undertaken by
one researcher and reviewed by another researcher during each step.

Results: Intotal, 11 academic publications and 20 government documents were included in this review. Among the academic
studies, 5 reported engineering solutions for information systems in hospitals, 2 assessed readiness for EHR implementation, 1
tested physicians’ performance before and after using clinical decision support software, 1 reported anational laboratory information
management system, and 2 reviewed the health system’s capability to implement eHealth and artificial intelligence. Of the 20
government documents, 19 were promulgated from 2013 to 2020. These regulations and guidance cover awide range of digital
health domains, including hospital information management systems, general and interoperability standards, cybersecurity in
health organizations, conditions for the provision of health information technology (HIT), electronic health insurance claims,
laboratory information systems, HIT maturity, digital health strategies, electronic medical records, EHRs, and eHealth architectural
frameworks.

Conclusions: Research about hospital-based digital health systems in Vietnam is very limited, particularly implementation
studies. Government regulations and guidance for HIT in health care organizations have been released with increasing frequency
since 2013, targeting a variety of information systems such as electronic medical records, EHRs, and laboratory information
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systems. In general, these policies were focused on the basi ¢ specifications and standardsthat digital health systems need to meet.
More research is needed in the future to guide the implementation of digital health care systemsin the Vietnam hospital setting.

(J Med Internet Res 2022;24(2):€32392) doi:10.2196/32392

KEYWORDS

digital health; eHealth; policy; Vietham; hospital care; data; health; electronic medical records; standards; compulsory; patient
ID; administrative information; health insurance I D; mobile phone

Introduction

Digital health systems such aselectronic health records (EHRS)
and patient administration systems used in hospitals in
high-income countries (HICs) have been adopted with the dual
aim of increasing the quality of patient care and improving
hospital finances through cost reductions and new revenue
streams. These systems are commonly introduced in response
to major government initiatives, often with significant public
funding [1]. Despite major challenges and high-profile failures
[2], HICs have now reached the point where secondary use of
data from digital health systems can, in some cases, enable
hospitals and health care systems to become learning health
systems, using routinely collected datato facilitate research and
quality improvement [3]. In recent years, data from
hospital-based digital health systems have been used to develop
and implement innovative artificial intelligence (Al) systems
for monitoring patients and providing clinical decision support
(CDS) to health care providers [4].

Although the adoption of digital health systems in low- and
middle-income countries (LMICs) such as Vietnam haslargely
only taken place within the last decade, these solutions have
the potential to support the development of universal health
coverage and projects working toward addressing sustainable
development goals [5,6]. However, in resource-constrained
settings, new health care information technologies are often
implemented with insufficient funding, infrastructure,
regulations, and computer literacy of the staff who will beusing
them [7-9]. These challenges may be able to be mitigated
through the use of open-source software [8,10], mobile
technologies[11], and cloud-based datainfrastructure[12]. The
adoption of new policies and standards (such as Health Level
7's[HL7] Fast Healthcare Interoperability Resources[13]) may
also enable simpler and more effective methods for health

https://www.jmir.org/2022/2/€32392

information exchange than was available to HICs in previous
years[14].

Recent initiatives in Vietnam and other LMICs have sought to
exploit the potential of digital technologies such as machine
learning and low-cost wearable devices in improving critical
care at an affordable cost [15,16]. For theseinnovationsto attain
scalability and sustainability, their research and devel opment
needsto consider thetechnical infrastructure and theregul atory
frameworks that govern local technology adoption [5,6,15,16].
The Vietnamese government has recognized therole that digital
health technologies can play in improving health care and
optimizing administration processes [17], and aong with
building national health databases such as the national EHR
system, new digital health policies and guidance have been
promulgated by the Vietnam Ministry of Health (MoH) [18,19].
Awareness of the government’s current regulations and future
directions for digital health and the local research evidence in
this area is important for the introduction of these emergent
technologiesin Vietnamese hospitals. This scoping review aims
to map and summarize the academic literature and government
policies in the field of hospital-based digital health systemsin
Vietnam. We have chosen a scoping review methodology as it
allowed us to effectively explore and summarize information
from awide range of sources, given the rapidly evolving nature
of digital health in Vietnam [20,21].

Methods

We conducted this review using a modification of the
PRISMA-SCR (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses Extension for Scoping Reviews): Checklist
and Explanation guidelines [22].

Eligibility Criteria
The eligibility criteriaare listed in Textbox 1.
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Inclusion criteria

«  Documents written in Vietnamese or English

Exclusion criteria

« Policies and guidelines that have been replaced by a newer version

settings

«  Policiesand guidance documents from the government that regul ate and guide the adoption of digital health systemsin Vietnam’s public hospitals.
Academic publications that address digital health systemsin Vietnam’s hospitals

«  Policies and guidance documents that are functioning or to be mandated

« Policies and studies that only examine technical aspects of the digital solution without discussing its adoption and implementation in clinical

.  Stand-alone apps or digital solutions that are implemented in the hospital settings but not linked with a particular hospital-based information
system such as hospital information management systems and el ectronic medical records

Information Sour ces

We conducted searches on PubMed, Web of Science, and
Google Scholar to identify academic literature. A structured
search string (Multimedia Appendix 1) was built for the search
on PubMed and Web of Science, and additional relevant
publications identified during the full-text screening were
retrieved and screened using Google Scholar.

A search of Viethamese policieswas conducted onthe Th Vi n
Phap Lu t database [23]. A total of 10 search queries were built
and executed separately (MultimediaAppendix 1). All document
titles resulting from each of the search queries were extracted
and compiled in aMicrosoft Excel spreadsheet, from which all
duplicates were removed. The MoH Electronic Hedth
Administration’s website was used to search for relevant
documents that had not been found in the structured database
search. Follow-up visits to the website were done throughout
the study and at the end of the data-charting phase to identify
newly released documents. Relevant documents that were
referred to in the reviewed text but not found by the 2 former
search strategies were searched for using Google.

No restriction on publication type and publication year was set.

Data-Charting Process

A data-charting form was developed based on the research
objectives and guidelines from the PRISMA-SCR guidelines.
A draft version of the data-charting form was piloted during the
full-text screening, from which discussions were made to modify
and finalize the charting form.

All the charting taskswere conducted by oneresearcher (DMT)
using a Microsoft Excel spreadsheet. The charted data were
then reviewed by another researcher (CP), and follow-up
discussionswere arranged to resolve any disagreements between
the 2 investigators.

https://www.jmir.org/2022/2/€32392

For academic literature, the charting form collected information
about the publication year, methods, study population, or source
of information reviewed (if the publication is a review), the
study scope, the digital health domain being studied, the context
that the domain was investigating, and key findings. The
charting form of government documents sought to extract
information about the domain of intervention, policy enactment
time, the intended purpose of the policy, and the ministry that
mandated the document.

Selection of Sources of Evidence

Academic publications were assessed through 3 stepsincluding
title, abstract, and full-text screening. Studies that did not meet
the eligibility criteria in each step were ruled out from the
screening list. Government policies and guidance were selected
using a 2-stage process. In the first screening round, the title,
introduction, and scope and regulated entities section of each
document was screened to determine their eligibility. For
documents that passed the first screening round, full text was
screened in the second round. The selection was based on the
eligibility criteria. Any uncertainty during the selection process
was discussed between the authors for afinal agreement.

Results

Overview

From the initial search results of 2033 academic publications
and 266 government documents, 11 academic studies and 20
government documents were included in the review. We have
organized the Results section into 2 major parts. academic
literature and policies. Each part features the source selection
process, characteristics of selected sources, and the results of
individually selected sources. Figure 1 depictsthe layout of the
Results section.
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Figure 1. Layout of the Results section. The branches represent the subsections in the Results section and the information included therein. Square
boxes and round boxes denote the Academic Literature and Policies subsections, respectively.

Academic literature: selection of sources of evidence

Overview of the academic literature selection result

Academic literature: characteristics of sources of evidence

Characteristics of included studies, e.g. methods and studied populations

Academic literature: results of individual sources of evidence

Categorization of included studies and summaries of their key findings

(Policies: selection of sources of evidence

KOverview of the government document selection result

(Bolicies: characteristics of sources of evidence

\Characteristics of included documents, e.g. enactment year and domain

r,F'oli(:ies: results of individual sources of evidence

A chronological review of the government documents and grouping of
\:Iocuments addressing the same domains

(Policies: details of included policies

\Expand on the each of the documents reviewed

N 2N 2 N R N

Academic Literature

Selection of Sources of Evidence

The PubMed and Web of Science searches of the academic
literature returned 1833 and 334 articles, respectively. After the
removal of duplicates, title screening was conducted on 2033
articles (1833 from PubMed and 200 from Web of Science),
resulting in 169 marked considered for abstract screening. Titles
were excluded if they did not imply any relation to the use of
information technology (IT) in health care. In addition, the
snowballing and manual search found an additional 10 studies,
making it atotal of 179 abstracts to be screened. The abstract
screening ruled out 161 articles that did not meet the eligibility
criteriaand identified 18 articles eligible for the full-text review.

https://www.jmir.org/2022/2/€32392
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The main reasons for exclusion during abstract screening were
asfollows: duplicated articles (n=2), the reviewed information
was outdated to Vietnam’s current digital health situation (n=1),
the interventions studied were neither of health information
systems (n=86) nor of hospitals’ health information systems
(n=50), the research was about machine learning techniques
(n=3), and the research was not conducted in Vietnam (n=19).
Of thefull-texts screened, 11 articleswere included in the final
review. The full-text screening found 7 studies not eligible for
the review, of which 1 did not examine health information
systems, 5 studies investigated health information systems that
were not implemented in hospitals or their findings were of
limited relevance to the hospital information systems (HISs),
and 1 study’sfull text was not available in English (Figure 2).
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Figure 2. Summary of academic publication selection.
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Characteristics of Sources of Evidence

Characterigtics of each study including title, authors, publication
year, methods, studied population or source of information
reviewed, and study scope are summarized in Table 1.
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Study title Reference Methods Studied population or source  Study scope
of information reviewed
Design of Laboratory Infor- Vu et al [24] Case study Common laboratory testre-  Described how BK-LIS, alaboratory infor-
mation System for Health sultsin Vietnam's hospitals ~ mation system, was designed and devel oped
Carein Vietham BK-LIS to support the laboratory activitiesin Viet-
nam’s hospitals
A Design of Renal Dataflow  Vu et a [25] Case study Hemodialysis systemsin A case study of the development of BK-HD
Control and Patient Record Bach Mai Hospital and E manager, an | T2 solution that centrally
Management System for Hospital, 2 central-level hos- manages the hemodialysis system in the
Renal Department Environ- pitalsin Vietnam hospital
ment in Vietnam
Automatic Retrieving Data Hai et a [26] Case study Electronic medical equipment Demonstrated technical solutions to auto-
From Medica Equipment to commonly used in Viet- matically retrieve data from medical de-
Create Electronic Medical namese hospitals vices. Thetypesof dataincludeimagesand
Records for an e-Hospital video data, |aboratory test result data, and
Model in Vietnam waveform data
Toward VNUMED for Vo et a [27] Case study EMRS? from hospitalsin Introduced VNUMED, an intermediate
health care research activi- Vietnam database that gathers data from EMRs to
tiesin Vietnam support health care research, and related
challenges for its development in Vietnam
EMR Visudization for P& VO et a [28] Case study Gastroenterologistsand EMR  Described the development and testing of
tient Progress Tracking: In- datain Thong Nhat central-  EMR visualization, a visualization tool for
terface Design and System level hospital patient progress tracking, using data from
Implementation the hospital’s EMR system
Strategic ChallengesFacing Nguyen et a Review IT usein health carein Viet- A review of the IT applicationsin Viet-
User- and Patient-Centered  [29] nam before 2012 nam’s health sector before 2012. Challenges
e-Hedlth in Vietnam in implementing patient-centered eHealth
in Vietnam were discussed
English-Based P_ec_iiatric Linetal [30] M ulticenter, prospec- 203 physiciansfrom 11hospi-  pPEMSoftS, aclinical decision support sys-
Emergency Medicine Soft- tive, pretest—posttest  tals across Vietnam tem, was tested against physicians’ perfor-
ware Improves Physician study mance on a multiple-choice exam
Test Performance on Com-
mon Pediatric Emergencies:
A Multicenter Study in
Vietnam
Toward an ElectronicHealth  Hochwarter et Document analysis, Participant observationand  Investigation of the Vietnamese health sys-
Record System in Vietnam:  al [31] participant observation, document analysiswascon-  tem'’s core readiness for electronic health
A Core Readiness Assess- and in-depth interview  ducted in adepartment of a  record implementation
ment top-level hospital in Vietnam;
in-depth interview with an
MoHY expert.
Open-Source LIMSE in Landgref etal  Reviewingtheprogram Reportsfromanational LIMS  Described the building and scale-up of a
Vietnam: The Path Toward  [32] reports project using an open-source  national LIMS program for clinical and
Sustainability and Host LIMS from 2008 to 2016 public health |aboratoriesin Vietnam. Out-
Country Ownership comes of the program and the lessons
learned were discussed. A mode! for sustain-
ability that could be applied to diverse labo-
ratory programs was proposed
Electronic Health Record Nguyen [33] Cross-sectional study ~ Thai Binh provincial hospital The study assessed the readiness for elec-
Readiness Assessment in using a scoring tool tronic health record implementation in Thai
Thai Binh Hospital, Vietnam Binh hospital, Vietnam. The 4 main compo-
nents of readiness included core readiness,
technological readiness, learning readiness,
and societal readiness
Artificial Intelligence vs Vuong et al Nonsystematic review  The literature about Al in An overview of Al research and applica-
Natural Stupidity: Evaluat- [34] medicineworldwide, theliter-  tionsin medicine worldwide, proposing a

ing Alf Readiness for the
Vietnamese Medical Infor-
mation System

ature about eHealth in Viet-
nam, and the Joint Annual
Health Review of Vietham
from 2012 to 2016

framework to evaluate Al readiness. The
assessment of Al readinessin Vietnam’'s
health care sector using the proposed
framework
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A T: information technol ogy.

PEMR: electronic medical record.

®PEM Soft: Pediatric Emergency Medicine Software.
dMoH: Ministry of Health.

€LIMS: |aboratory information management system.
fAl: artificial intelligence.

Results of I ndividual Sources of Evidence

Thedigital health domain that each study addressed, the context
in which the domain was considered, year of data collection or
reviewed evidence, and key findings of each study are presented
in Table 2.

Among the 11 publications reviewed, 5 reported the
development and testing of engineering solutions to gather,
manage, or visualize data from the medical devices or
information systems that were being used in the chosen
hospitals. The 3 studies published in 2010 and 2011 described
solutions to retrieve and manage data from laboratory devices
or hemodialysis systems, whereas the 2 studies published in
2019 involved electronic medical record (EM R)-based solutions.

The other 6 articles addressed aspects of digita health
implementation in Vietham's health care system. Among these,
no study examined a specific clinical information systemin the
hospital setting. EHR implementation was discussed in the 2
readiness assessment studies, in which oneinterviewed an MoH
staff member, whereas the other study surveyed health care
workersinaprovincia hospital. These stakehol ders recognized
the benefits offered by EHRs and expressed positive attitudes
toward EHR adoption. However, there was a lack of IT
infrastructure, basic IT use among the hospital staff such as
regular communication via email, and IT training capacity in

https://www.jmir.org/2022/2/€32392
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place for EHR implementation. Lin et a [30] evaluated
physicians' performance on a multiple-choice exam with the
support of a system (CDS system [CDSS]). The participants
improved their exam performance when using the CDS software
compared with when not using the CDS software. However,
the software was only used for testing purposes and not
implemented in the studied hospitals. The national laboratory
information management system program published by Landgraf
et al [32] was largely used in public health laboratories rather
than integrated into a hospital-based system. The 2 reviews by
Nguyen et al [29] and Vuong et a [34] provided an overview
of how health care facilities in Vietnam had implemented IT
applications. Specifically, barriers for the development of
patient-centered eHealth and Al in medicine in Vietham were
summarized, including the lack of national health databases,
unstandardized data collection, and paper-based workflows.
Importantly, most of the data analyzed in these 6 studies were
collected in 2016 or earlier. The CDS performance and the EHR
readiness assessments were conducted in the period from 2010
to 2014. The paper by Landgraf et al [32] wasbased on program
reports from 2008 to 2016, whereas the review by Nguyen et
al [29] provided insights into Vietham eHealth before 2012.
Discussions in the review by Vuong [34] were significantly
carried out upon the analysis of the MoH annual reports from
2012 to 2016.
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Table 2. Summary of the digital health domains and findings from academic publications.

Study Digital health do- Contextinwhichthe Year of data Summary of findings relevant to digital health systemsin hospitalsin
main intervention was collectionorre-  Vietnam
considered viewed evi-
dence®
Vueta [24] Laboratory informa- Common laboratory o010 or egrlier® ¢  Presented how alaboratory information system was designed to
tion system test results in hospi- solve the paper-based |aboratory result management.
talsin Vietnam
Vueta [25] Hemodialysisman- Hemodialysissys o010 or earlier® * A central management system for hemodialysis machinesin 2
agement system temsin Vietham's hospitalsin Vietnam was designed and tested.
hospitals
Hai eta [26] Dataacquisition Electronic medical 9011 or earligr® ¢ Anengineering solution to automatically retrieve data from med-
frommedical de-  equipment common- ical devices such as ultrasound, ECG, and laboratory devices for
vices ly used in Viet- personal health records.
namese hospitals
Voetd [27] A gatabaseof EMRY EMRsfrom hospi-  After 2019 «  Thelack of standardized EMR use among Vietnamese hospitals
data talsin Vietnam posed a challenge for data gathering and research. VNUMED is
adatabase that aimsto collect and standardize datafrom different
EMR systems.
VOeta [28] Datavisudization DatainEMRfroma Between2015 . A datavisualization app to track patient progress based on data
for EMRs Vietnamese hospital 514 2019 collected from the local EMR system was developed and tested
by the gerontol ogists as the end users. The testing results showed
positive feedback from the end users regarding usability. The app
was being updated for large-scale testing.
Nguyeneta Readinessfor pa- Health carein Viet- Before 2012 «  Provided an overview of information technology applicationsin
[29] tient-centered nam before 2012 Vietnam’s health care system from its beginning until 2011.
eHealth
Linetal [30] cpge Physiciansin hospi- 2010 to 2011 «  Thestudy provided evidence that CDS technologies can improve
tals physicians' medical knowledge in the context of Vietnamese
hospitals.
Hocwarter et EHR readiness Hospitalsin Viet- 2013 «  Provided evidence on the core readinessto anational EHR includ-
a [31] nam ing the following:

« ldentification of needs for future changes that will be ad-
dressed by the EHR system.

«  Challenges posed by the status quo that demanded an EHR
system: the existing system of medical records; quality of
the existing record-keeping practice; the numbering system
for medical records; patient identification methodsin medical
records; use of daily admissions and discharge lists; medical
record archiving after patient discharge; medical record
preservation when in archive; practice of IcD-10" and use
of ICD-10in redlity.

«  Planning for the new EHR project by the Ministry of Health.

« Integration of technology:

« Integration with the current services; plan to integrate the
EHR system with the existing hospita information systems;
use of health informatics standards; the use of defined inter-
faces or gateways in data exchange.

Landgraf et Laboratory informa-  Mainly district 2008 to 2016 «  Described the development, deployment, and operation of ana-
a [37] tion system health centers and tional LIMSY project using an open-source LIMS,

public health labora-
toriesin provinces
with ahigh preva-
lence of HIV

«  Proposed factors for the sustainability of a health information
system in Vietnam: (1) selection of appropriate technology, (2)
capacity building and knowledge transfer, (3) financia viability,
(4) leadership and management, and (5) alignment with national
health strategies.
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Contextinwhichthe Year of data
intervention was
considered

Study Digital health do-
main

viewed evi-
dence?

Summary of findings relevant to digital health systemsin hospitalsin

collectionorre- Vietnam

Nguyeneta EHR readiness
[33]

A provincial hospita 2013 to 2014
in Vietnam

Vuongetd  Reaginessfor AlNin  Health care of Viet-  2012-2018
(34] medicine nam (mainly 2012-
2016)

«  Provided evidence on EHR readinessin a Vietnamese provincial
hospital, including the following:

«  Corereadiness. needsfor change, planning, suitability of in-
frastructure, and integration of new technology with the ex-
isting servicesin the hospital.

«  Technological readiness: need for information technology
adoption and information technology infrastructure’s capabil-
ity to implement an EHR.

«  Learning readiness: information technology training for
hospital and implementation staff.

«  Societal readiness:
«  Electronic communication with other organizations, data
exchange between organizations, and sociocultural el ements
between health workers and patients.

« Readinessfor Al in medicine in Vietnam was assessed based on
3 factors: financial support, technological, and sociopolitica. In
general, although Al in medicine research and political commit-
ment was somewhat promising, the technical factor was seen as
weak and inadeguate.

#The period when primary data are collected or reviewed sources are published.

bOn the basis of published year and reported grant period.

®ECG: electrocardiogram.

9EMR: electronic medical record.

€CDS: clinical decision support.

flCD-10: International Classification of Diseases, Tenth Revision.
9IMS: laboratory information management system.

PAl: artificial intelligence.

Policies
Selection of Sources of Evidence

A total of 10 search querieson the Th Vi n Phap Lu t database
returned 266 results. After removing duplicatetitles, therewere
221 results remaining in the first screening round. In total, 30
articleswere selected from this screening phase with 191 articles
excluded for the following reasons: unrelated to HIS adoption

Figure 3. Summary of government document selection.
| Search query #1 = 17 results }—

| Search query #2 = 10 results }—

| Search query #3 =41 results }

| Search query #4 =80 results }—

| Search guery #5 = 1 results }— 266 221
before Duplicates after
l Search query #6 = 7 results } duplicates | ®moval | guplicates

removal removal

| Search query #7 = 13 results |

l Search query #8 = 24 results }

| Search query #9 = 5 results }—

|Search query #10 = 68 results}—
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Characteristics of Sources of Evidence
Table 3 presents an overview of the policies and guidance

documents included. Characteristics of the documents were
charted, including the enactment time points, policy ID numbers
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andtitles, the digital health domainsrelated to the policies, and
the ministries that mandated the policies. Owing to the lengthy
original titles, shorter denoted titles were created for easier
reference of the documents in this paper.
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Table 3. Summary of policy documents.

Tranetd

Valid from Policy ID number and title Denoted title Domain Ministry

December 2006 Decision 5573/QD-BY T year 2006 on Guidelinefor Hospital Infor-  The HIMS2 Guidance Hospital information  pjoHP
mation Management Systems [35] management system

June 2013 Decision 2035/QD-BY T year 2013 on Terminology Systemsand  The Recommended ~ Standardsfor hospital MoH
Data Exchange Standards Recommended for Health | T¢ [36] Standardsfor HITY ~ information systems

October 2014  Decision 4159/QD-BY T year 2014 on Guidance on Ensuring Secu-  The Cybersecurity Cybersecurity in MoH
rity of Electronic Health Datain the Health Sector [37] Guidance health organizations

March 2015 or  Circular 53/2014/TT-BY T on Required Conditionsfor Provisionof The Required Condi- Conditions for provi- MoH

January 2017° Headlth IT Activities [38] tionsfor HIT sion of heath IT

October 2015  Decision 4495/QD-BYT year 2015 on Guideline for Developing ~ The Guidancefor Lo- Cybersecurity in MoH
Loca Information Safety and Security Rulesin Health Facilities  cal Cybersecurity Pol-  health organizations
[39] icy

October 2015  Decision 4494/QD-BY T year 2015 on Response Proceduresfor In-  The Guidancefor Cy- Cybersecurity in MoH
formation Safety and Security Issues in the Health Sector [40] bersecurity Response  health organizations

September 2016  Decision 5004/QD-BY T year 2016 on The Architectural Framework The Social Health In-  Electronic hedthinsur- MoH
of the Socia Health Insurance Information System [41] surance EAF anceclaim

June 2016 Decision 917/QD-BHXH year 2016 on Announcement of theHealth  The Insurance Portal  Electronic hedthinsur-  Vietnam So-
Insurance Portal version 2 [42] V2 Guidance anceclam cia Security

September 2017 Decision 4210/QD-BY T year 2017 on Requirements for Standard  The Claim Standard-  Electronichedthinsur- MoH
and Format of Output Data Used in Management, Assessment and  ization Guidance anceclam
Reimbursement of Insurance-Paid Health Care Expenses [43]

August 2017 Decision 3725/QD-BY T year 2017 on Guidelinesfor Functionalities, The||<9 Guidance LIS MoH
Interoperability, Infrastructure and Human Resources for Establish-
ing and Implementing Laboratory Information Systemsat Healthcare
Facilities[44]

February 2018  Circular 54/2017/TT-BY T on Assessment Criteriafor Information The HIT Maturity HIT maturity MoH
Technology |mplementation in Healthcare Facilities [45] Model

July 2018 Circular 39/2017/TT-BTTTT on Technical Standardsfor IT Imple- The Recommended ~ Standardsfor IT appli- g ch
mentation in State Organizations[46] (replaced circular 22/2013/TT- Standardsfor IT in caionsin state organi-
BTTTT) State Organizations  zations

March 2018 Circular 48/2017/TT-BY T on Regulations on Data Exchange in The Electronic Claim  Electronichedthinsur- MoH
Management and Reimbursement of Health Insurance Claims[47] Regulations anceclam

December 2018 Decision 7603/QD-BY T year 2018 on The Service Coding System The Terminology and Electronichedthinsur- MoH
for Healthcare Management and Health Insurance Reimbursement ~ Service Coding Sys-  ance claim
version 6 [48] tem version 6

October 2019  Decision 4888/QD-BY T year 2019 on The Smart Health IT Imple- The Smart HIT Digital health strate-  MoH
mentation and Development Scheme from 2019 to 2025 [49] Scheme gies

March 2019 Circular 46/2018/TT-BYT on Regulations for Electronic Medical ~ The Regulationsfor  EMRs MoH
Records [50] EM Rg

November 2019  Decision 5349/QD-BYT year 2019 on Implementation Plan for The EHR! Plan EHRs MoH
Electronic Health Record [51]

December 2019  Decision 6085/QD-BYT year 2019 on the eHealth Architectural  The EHAFX version2 Architectural frame-  MoH
Framework version 2.0 [52] work

December 2020 Decision 5316/QD-BY T year 2020 on The Digital Transformation The Digital Transfor- Digita health strate-  MoH
in Health Care Scheme Until 2025 and Navigated Toward 2030[53] mation Scheme gies

May 2020 Decision 2153/QD-BY T year 2020 on Regulations on Creation, TheHedalthID Regula-  National health ID MoH

Utilization and Management of Health ID [54]

tion

3HIMS: Hospital Information Management System.
BMoH: Ministry of Health.

CIT: information technol ogy.
9HIT: health information technol ogy.

®March 2015 or January 2017: applicable since March 2015 for organizations that had not implemented any health information systems and since
January 2017 for organizations that had implemented health information systems.
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fEAF: electronic architecture framework.

9LIS: laboratory information system.

hMIc: Ministry of Information and Communications.
'EMR: electronic medical record.

JEHR: electronic health record.

KEHAF: eHealth architectural framework.

Results of I ndividual Sources of Evidence

A total of 20 government documents were combined into 11
groups based on the digital health domains or subjectsthat they
addressed. These groups included hospital information
management systems, general and interoperability standards,
cybersecurity in health organizations, conditions for the
provision of health IT, electronic health insurance claims,
laboratory information systems (LISs), health IT (HIT) maturity,
digital health strategies, EMRs, EHRs, and eHealth architectural
framework (EHAF). Table 4 presents these policy groups and
the main purpose of each policy. In the following section, we
have summarized the policies and their objectives in
chronological order.

Most of the digital health policies reviewed were released and
cameinto effect after 2013, excluding the Hospital Information
Management System (HIMS) Guidance, which was enacted in
2006. The HIMS Guidance was an instruction regarding the
functionalities and standards for HIMS used in state health
facilities [35]. In 2013, the MoH promulgated guidance for
interoperability standards and terminology systems applicable
for hedth information systems [36]. Some of these are
mandatory such as the HL7 messaging version 2 or 3, Digital
Imaging and Communications in Medicine, SDMX-HD
(Statistical Dataand M etadata Exchange—Health Domain), and
International Classification of Diseases, Tenth Revision
(ICD-10) Clinica Moaodification, whereas the others are
recommended, including the HL7 Clinica Document
Architecture, HL7 Continuity of Care Document, World Health
Organization Anatomical Therapeutic Chemical, and Logical
Observation I dentifiers Names and Codes. Standardsfor general
IT applications are guided by the Ministry of Information and
Communications (MIC) [46].

The 3 Cybersecurity Guidance documents for state health
organizations were published in 2014 and 2015. The

https://www.jmir.org/2022/2/€32392

Tranetd

Cybersecurity Guidance covers 16 components of an I T system
in ahealth organi zation such as network, databases, applications,
account management, and data transmission [37]. As
organizations using IT systems are required to develop and
implement their own cybersecurity policy, the Guidance for
Local Cybersecurity Policy provides genera instructions for
the making of these local policies [39]. Finally, the Guidance
for Cybersecurity Response isa standard procedure to identify,
classify, report, and handle cybersecurity issues in health
facilities[40]. In March 2015, the Required Conditionsfor HIT
announced the essential criteria that organizations must meet
when implementing HIT in Vietham [38]. Accordingly,
organizations must satisfy specific requirements for 1T
infrastructure, information security, IT workforce, and
implementation of several technologies.

In 2016 and 2017, the MoH and the Vietnam Social Security
(VSS) initiated the electronic social health insurance claim
system, which was accompanied by the promulgation of several
regulations and guidance. First, the Social Health Insurance
Electronic Architectural Framework was published, describing
the system’s structure and operation [41]. A web-based portal
was established, on which health providers can submit claims
and check insurance information. To provide instructions for
health facilities on using the portal, the VSS published the
Insurance Portal V2 Guidance [42]. As claim data must be
collected and formatted in a standardized manner, the Claim
Standardization Guidance is intended to provide the necessary
instructions for health facilities on claim preparation [43]. The
Vietnam socia hedth insurance system uses a nationa
terminology and service coding system to form billing codes
from medical documentation. In 2018, this coding system was
in its sixth iteration [48]. Finaly, the Electronic Claim
Regulations defines the responsibilities of health providers and
insurance agencies surrounding claim sharing and feedback

[47].
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Table 4. Main purposes of the policies.

Group of domains and denoted title Purpose of the document Valid from

Hospital information management system

The HIMS? Guidance A guidance for functionalities and standards of HIMSs December 2006
General and interoper ability standards

The Recommended Standardsfor HIT® A list of nomenclature systemsand interoperability standards that the MoHC required June 2013
or recommended for health information systems

The Recommended Standards for ITY A list of general IT standards that the M1CE required or recommended for healthin- July 2018
in State Organizations formation systems

Cybersecurity in health organizations
The Cybersecurity Guidance A comprehensive guidance of cybersecurity measures for health facilities October 2014

The Guidancefor Local Cybersecurity A guideline for devel oping organization information safety and security policiesfor October 2015
Policy health facilities

The Guidance for Cybersecurity Re- A guidance for classifying, identifying, reporting, and handling cybersecurity issues October 2015
sponse in health facilities

Conditionsfor provision of health IT

The Required Conditions for HIT Criteriathat health facilities must satisfy when implementing digital health systems. March 2015 or
Four areas addressed in the circular include I T infrastructure, information security, ~ January 2017
human resource, and specific criteriafor some HIT systems

eHealth insurance claim

The Social Health Insurance EAF Explaining the architecture model for the social health insuranceinformation system  September 2016
to be built by the MoH

The Insurance Portal V2 Guidance Announcing thelaunching of the Health Insurance Portal version 2 with aninstallation  June 2016

manual attached

The Claim Standardization Guidance A guidance for standardization of claims dataincluding variable definition and data September 2017
standards

The Electronic Claim Regulations Responsibilities of the health care organizations and the insurance agenciesin elec- March 2018

tronic claim exchange and investigation

The Terminology and Service Coding A common list of health services with the relevant codes used in the social health  December 2018

System version 6 insurance claim and reimbursement, updated to version 6
LIS]
The LIS Guidance A guidance for functionalities and standards of LISs August 2017
HIT maturity
The HIT Maturity Model Seven levels of HIT application applicable for health care organizations, made of 8 February 2018
key components and capabilities. Criteriafor each HIT level and component were
provided herein.

Digital health strategies

The Smart HIT Scheme Presenting the agenda to develop and implement digital and smart technologiesin ~ October 2019
Vietnam's health care for the period from 2019 to 2025

The Digital Transformation Scheme  Presenting the agenda to comprehensively implement IT in Vietnam’'s health care December 2020
until 2025 and navigated toward 2030

EMRS"
The Regulations for EMRs Criteriafor EMR development and implementation to abide by Health CareLaw and March 2019
replace paper medical records
EHR!
The EHR plan The national plan of the MoH to build and implement the EHR systemin Vietham  November 2019
The Health ID Regulation The health ID system used for eHealth data of Vietnamese residents May 2020

Architectural framework
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Group of domains and denoted title Purpose of the document

Valid from

The EHAF version 2

Explaining the architecture model of key I T systems and databases built by theMoH December 19

3HIMS: health information management system.
BHIT: health information technol ogy.

®MoH: Ministry of Health.

4T information technol ogy.

eMIC: Ministry of Information and Communications.
fEAF: electronic architectural framework.

9L1S: Iaboratory information system.

PEMR: electronic medical record.

'EHR: electronic health record.

JEHAF: eHeslth architectural framework.

Guidance for LISs was published in August 2017, addressing
the functionalities and standards required for such systemsin
Vietnam [44]. From 2018 to 2020, the MoH issued severa
policies that govern key digital health systems such as the
maturity model for HIT, EMRs, and EHRs. From February
2018, the HIT Maturity Model began to be used as a roadmap
for health care organizations to build and upgrade their digital
health system [45]. Similar to the Healthcare Information and
Management Systems Society’s Analytics Electronic Medical
Record Adoption Model [55], this maturity model features 7
levels of HIT application, each of which is built on a specific
set of criteria. The most basic level (level 1) only requires the
implementation of HI Ssto manage outpatient services, whereas
the highest level (level 7) defines a paperless environment that
deploysacomprehensiverange of HIT suchasHIS, EMR, LIS,
radiology information system and picture archiving and
communication systems (RIS-PACS), and CDSS with
interoperability between the systems. EMR adoption isgoverned
by the Regulations for EMRs, enacted in March 2019 [50]. The
circular sets out the requirements for EMRs so that their use
abidesby Health Care Law and is eligible to completely replace
paper medical records. In the same year, the MoH announced
a plan to roll out EHRs on a nationwide scale, starting in
municipal cities[51]. Although EMRs serve inpatient care and

https://www.jmir.org/2022/2/€32392

can vary in their specifications depending on the specialty in
which they are implemented, the EHR system can be seen as
thedigital version of the paper-based primary health record [56]
andisalifetime health document of every Vietnamese resident.
Information in EHRs is mainly collected and updated by the
district health facilities and outpatient clinics. The MoH has
also announced the National Health ID systeminthe Health ID
Regulation [54], in which each health |D number is unique and
represents an individual for their lifetime.

An overal picture of the IT systems that the MoH has been
developing is depicted in their EHAF, presented in Figure 4
(adapted from the Vietnam MoH [52]). The framework was
first published in 2015 [57] and subsequently updated in 2018
[58] and 2019 with the EHAF version 2 [52]. According to the
EHAF version 2, EMRs and EHRs are the 2 main components
of the health care building block. In 2019, the MoH announced
the Smart HIT Scheme, presenting an agenda to develop and
implement digital and smart technologies in Vietnam’'s health
carefor the period from 2019 to 2025 [49]. By the end of 2020,
the Digital Transformation Scheme was published, setting the
goals to implement IT in multiple areas of the health sector
including state administration, cashless payment and teleheal th,
disease prevention and primary care, and health care [53].
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Figure4. The Ministry of Health's eHealth Architecture Framework version 2.0 (adapted from the Vietnam Ministry of Health [52]). The following
are English trandlations for the abbreviations—ATTP: food safety; BHY T: health insurance; DMDC: reference catalogs, DSKHHGD: population
planning; D C: pharmacy; HTQT: international collaboration; KCB: health care; KHDT: research and training; KHTC: finance; MTY T: environmental
health; PC: legislation; SKBMTE: maternal and child health; Tri thcy t : health knowledge; TCCB: human resources;, TTB-CTY T: medica devices
and infrastructure; TTRA: inspection; TT-TDKT: reward; YHCT: traditional medicine; Y TDP: preventive medicine. EHR: electronic health record;

IT: information technology; MoH: Ministry of Health.
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Details of Included Policies

In the subsequent sections, we have expanded on thekey palicies
in each digital health domain.

Architectural Framework: The EHAF Version 2

The framework isintended to guide the future devel opments of
eHealth in the public sector, ensuring their compatibility with
the current components and directed toward common goals.

The EHAF version 2.0 (decision 6085/QD-BY T year 2019 on
the eHealth Architectural Framework Version 2.0 [52]) has 7
layers including the following:

1. End users (people and businesses)
2. Communication channels (means to communicate with

applications and services of the MoH such as computers,
smartphones, and information portals)

Services and applications layer. This layer comprises 4
building blocks including disease prevention, health care,
administration, and public services

Databases and data analysis tools layer. This includes
multiple databases specialized for each health area managed
by the MoH, for example, traditional medicine, pharmacy,
and health insurance

The MoH’s Local Government Service Platform. This
platform provides shared supporting services for the upper
layers. The MoH’s Local Government Service Platform is
also able to communicate with other ministries and
provinces through the National Government Service
Platform

Technological infrastructure layer

Management and monitoring layer

6.
7.

Anillustration of the EHAF version 2.0 can be found in Figure
4 (adapted from the Vietnam MoH [52]).
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Digital Health Strategies

The Smart HIT Scheme

The Smart HIT Scheme (decision 4888/QD-BY T year 2019 on
the Smart HIT Implementation and Development Scheme from
2019102025 [49]) seeksto usedigital health, particularly smart
technology, in Viethamese health care. The scheme highlighted
the Industrial Revolution 4.0 concept and the technologies
characterizing thisera, for example, big data, Al, and theinternet
of things. Following the intention of the Vietnamese government
to take advantage of this revolution, the scheme points out the
readiness of Vietham's health system for implementing digital
health technol ogies a ong with theimpact that these technologies
can have on the health system. Finally, the scheme presents an
agenda to promote and implement digital and smart health IT
in Vietnam. The information relevant to the scope of this study
is summarized in the subsequent sections.

The scheme aims to implement and develop digital health and
smart health technol ogies for a modern, high-quality, equitable,
efficient, and internationally integrated health system and to
promote residents access to health information so that they
can use a highly efficient health service and have their health
continuously protected, taken care of, and promoted during
their lifetime. The following goals are specified:

1. Developing a smart health care and disease prevention

system

Promoting IT implementation in health facilities for
administrative process improvement and reducing hospital
overload: adopting EMRSs to replace paper records, using
a cashless payment system for hospital billings, and
establishing smart hospitals

Promoting IT implementation in health administration:
installing the electronic office system, public portals, and
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To achieve these goals, the scheme proposes 9 areas of action
from 2019 to 2025, including the following:

1

2.
3.
4,

singleewindow information system of administrative 5. Building a smart health administration system

procedures, promoting level 3 and level 4 web-based public 6. Developing the workforce

service, building a smart health administration 7. Promoting smart health IT research, development, and
implementation

8. International cooperation

9. Educating the public's awareness of smart health care

Building the regulatory framework, guidance, standards,

and economic—technical norms

Building the health I T infrastructure

Building asmart health care and disease prevention system

Building a smart health care system

In the scope of this study, we presented the detailed agenda of
area1—nbuilding the regulatory framework, guidance, standards,
and economic—technical norms—and area 4, building a smart
health care system (Textboxes 2 and 3).

Textbox 2. Areal of the Smart Health Information Technology Scheme: building the regulatory framework, guidance, standards, and economic—technical
norms.

Area 1 of the Smart Health Information Technology Scheme

Building eHealth architecture framework as a prerequisite for information technology implementation in the health system
Developing regulations for the resident health ID system

Developing standards for interoperability between health information technology (HIT) systems, that is, health station management software,
electronic medical records, and electronic health records (EHRS)

Developing economic—technical normsfor HIT, in which HIT costs are a part of the total health service cost
Building policy for managing and using el ectronic nomenclature and coding systems in the health system

Building policy for using EHRs

Developing regulations for cybersecurity and privacy protection for health information in the web-based environment

Building human resource policies for HIT specialists

Textbox 3. Area4 of the Smart Health Information Technology Scheme: Building a Smart Health Care System.

Area 4 of the Smart Health Information Technology Scheme

Updating the management software and digital health systemsin hospitals:

«  Develop heath information systemsthat adhere to the national and international standards, in which interoperability between theinformation
systems and between the information system and the digital devices (Iab devices, imaging diagnosis devices, interactive screens, personal
mobile devices, etc) is ensured

«  Standardizing the National Health ID system

«  Building smart hospitals—health care organizations consult the Health Information Technology Maturity Model to develop their smart
hospital roadmap

Electronic medical records (EMRs) are implemented in al health care organizations according to the EMR rollout timeline in circular

46/2018/TT-BYT on the Regulations for EMRs, aiming for paperless medical records and cashless payments in hospitals

Establishing and scaling up information kiosks in hospitals

Promoting artificia intelligence (Al) application in health care with the following priorities:

«  Building interoperability standards to implement the Internet of Medical Things as an infrastructure to operate clinical decision support
systems (CDSSs)

« Developing real-time CDSSs closely integrated with EMRs

« Imaging diagnosis assistance

«  Surgery assistance

«  Encouraging businesses and health care organi zationsto build big data systems embedded with Al agorithm to support clinical decision-making
» Diseasediagnosis, treatment, and prevention with traditional medicines

« Applying Al in speciaties such as imaging diagnosis, cardiovascular diseases, respiratory diseases, orthopedics, cancer, obstetrics, and
pediatrics
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The Digital Transformation Scheme

The Digital Transformation Scheme (decision 5316/QD-BY T
year 2020—TheDigital Transformationin Health Care Scheme
until 2025 and navigated toward 2030 [53]) seeksto implement
ITinal aspectsof hedth careasit definesdigital transformation
in health care as the comprehensive application of information
technol ogy which prioritizesthe cutting-edge digital technol ogy
that can make positive changesin all aspects of health care.

The key 4 areas addressed in this scheme are state
administration, cashless payment and telehealth, disease
prevention and primary care, and health care. In the health care
area, the scheme aimsfor 15% (210/1400) and 50% (700/1400)

Tranetd

of hospitalsin the country to successfully adopt paperlessEMRs
and cashless payment by 2025 and 2030, respectively.

Textbox 4 summarizes the areas and subareas of action set out
in the scheme.

Area 5 (digital transformation in primary care and disease
prevention) and area 6 (digital transformation in hospitals) are
considered priorities over the others. We present details of area
1.2 (Textbox 5) and area 6 in subsequent sections.

Areab, ie, Digital Transformationin Hospitalsislargely similar
to area4 (building asmart health care system) of the Smart HIT
Scheme. A comparison between theseis shown in Table 5.

Textbox 4. Summary of areas of action in the Digital Transformation Scheme.

Areasof action
«  Areal: infrastructure development

« Areal.l: awareness education

« Areal.2: building the regulatory framework, guidance, standards, and economic—technical norms

« Areal.3: building and upgrading the information technology infrastructure

« Areal.4: building health databases
« Areal5: building digita hedth platforms

« Areal.6: ensuring cybersecurity

« Areal.7: international cooperation, research, and innovationsin digital health

« Areal.8: workforce development

«  Area2: implementing information technology in administration and public services

« Area3: promoting investmentsin digital health from businesses and hospitals

o Area4: digitalization in societies
« Areab: digita transformation in primary care and disease prevention

« Area6: digital transformation in hospitals

Textbox 5. Area 1.2 of the Digital Transformation Scheme: building the regulatory framework, guidance, standards, and economic—technical norms.

Area 1.2 of the Digital Transformation Scheme

«  Publishing regulations and guidance for doing trials of novel digital health products; developing digital health platforms

«  Developing regulationsand standards for data exchange and interoperability between health information systems based on international standards
«  Developing regulations for collecting and managing health data; building a decree for the national health database

«  Providing guidance for digital health technologies; updating guidance for building smart hospitals and paperless hospitals

«  Developing regulations for protecting security, safety, and confidentiality of health data in the web-based environment

.  Developing regulations and guidance for electronic authentication in health care

o  Implementing and updating the MoH’s e-government structure

« Developing financial mechanismsfor health I T services as part of the overall health care service and mechanisms for hiring health I T services

«  Developing policies and regulations for telemedicine and e-prescription so that patients can use remote health care services

https://www.jmir.org/2022/2/€32392
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Table 5. Comparing area 4 (decision 4888/QD-BY T year 2019) and area 6 (decision 5316/QD-BY T year 2020).

Area4 of thesmart HIT? Area6 of the Digital

Category scheme Transformation Scheme
Updating management software and digital health systemsin hospitals Yed Yes
Standardizing the National Health ID system Yes Yes
Building smart hospitals based on circular 54/2017/TT-BYT Yes Yes
EMRC implementation based on circular 46/2018/TT-BYT Yes Yes
Building information kiosks Yes No
Promoting A% application in health care Yes Yes
Conducting teleheal th and web-based registration based on decision 2628/QD-BY T year 2020 o Yes
Implementing the national prescription management system in all health care organizations No Yes

8HIT: health information technology.

BThe information was addressed in the document.
CEMR: electronic medical record.

dAl: artificial intelligence.

®The information was not addressed in the document.

EMRs. The Regulations for EMRs

EMR refers to the clinical record system used in hospitals
inpatient departments. They arelocally managed by health care
institutions and different from the EHR system, which is
centrally managed on the national database and intended for
use by the commune health facilities and outpatient clinics
(circular 46/2018/TT-BY T on Regulations for EMRs [50]).

This circular is the first official guidance for EMRs in public
health carefacilities. It ensuresthat the use of EMRs can uphold
the equivalent law and can legitimately replace paper-based
medical records. Heath care organizations are €eligible to
discontinue paper-based medical record—keeping if they can
satisfy al the criteria in this circular, which concern the
following areas:

[

Content specifications

EMR creation and update

Storage and backup

Access right and secondary use

Patient identification

Digital or electronic signatures

Basic functionalities

Adherence to interoperability and IT standards
. Datasecurity and confidentiality

10. Nomenclature system

© N A WD

A total of 4 essential criteria that must be prioritized are as
follows:

+ Each patient’'sEMR is provided with an ID number that is
unique in the health organization.

« All information that a traditional medical record collects
can also be recorded by EMRSs.

+ Each EMR must have adigital signature of the onewho is
responsible for the information entered in that record.

+ Datastored in an EMR system are protected by Section 2,
Article Il of Cyber information Security Law [59].

https://www.jmir.org/2022/2/€32392

In addition, the circular aso provides the criteria for paperless
lab test and imaging diagnosis management with LIS and picture
archiving and communication system. Full details of this
document can be found in Multimedia Appendix 2.

HIT Maturity: TheHIT Maturity Model

Overview

The MoH put into effect the HIT Maturity Model (circular
54/2017/TT-BY T on Assessment Criteriafor I'T Implementation
in Health Care Facilities [45]) as a roadmap for HIT
implementation in heath care facilities. Health care
organizations are required to evaluate their current HIT maturity
using this model and report the evaluation results to the MoH.
Thebasdineresultsare arequisitefor health care organizations
to set goalsfor their next maturity level. An overall HIT maturity
level depends on the maturity level of the individual domains,
which are asfollows:

IT infrastructure

Administration and operation software
HIS

RIS-PACS

LIS

Nonfunctionality standards

Security and information saf ety

EMR

O N~ ®WDN PP

In addition, there are specific capabilities that are required for
each maturity level. An organization’soverall HIT maturity can
range from HIT level 1to HIT level7.

There are 7 levels (1 to 7) applicable for the IT infrastructure
domain and the HIS domain, and 2 level s (basic and advanced)
applicable for the other domains (administration and operation
software, LIS, nonfunctionality standards, security and
information safety, RIS-PACS, and EMRS). The 7 levelsof HIT
maturity are summarized in subsequent sections. An overview
of al the 7 levels can be found in Table 6.
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Table 6. Levelsof health information technology (HIT) maturity.

Information 2 | |sP RIS EMRY Administra-  Security Nonfunc-  Extracapabilities

technology pPACS® tion and and infor-  tionality

infrastruc- operation  mation criteria

ture software safety
HITlev- Level 7 Level Advanced Advanced Advanced Advanced Advanced Advanced .«  “Paperless’ hospitad if all rele-
d7 7 vant criteria are met

*  CDSS®level 3 supporting doc-
tors' decisions related to treat-
ment protocols and treatment
results using suitably customized
templates

* DatainCDRfisanaIyzedtoim-
prove care quality, patient safe-
ty, and care efficiency

«  Clinica datacan bereadily
shared for stakeholdersin care

coordination based on HL79
standards

«  Continuous reports of hospital
services using the data collected

HITlev- Level 6 Level Advanced Advanced Basic Advanced Advanced Advanced « CDSSlevel 2 providing: evi-
a6 6 dence-based warnings for treat-
(smart ment; that is, health and

hospi- medicine advice, drug informa-
tal) tion and interaction check, and

initial order and prescription vi-
olation identification rules

o All structured forms; that is,
progress notes, consultation
notes, problem lists, and dis-
charge summariesaredigitalized

«  Closed-loop management of
drugs, using identification tech-
nologiesto assist drug adminis-

tration
HITlev- Level 5 Levdl Advanced Advenced p/ah Basic Basic Basic * PACS can replace physical
e5 5 films
HITlev- Level 4 Level Advanced Basic N/A Basic Basic Basic « PACSalowsdoctorsto access
d4 4 images outside the imaging de-
partment

«  Electronic ordering
«  Electronic management of inpa-

tient orders
HITlev- Level 3 Level Basic N/A N/A Basic Basic Basic «  Electronicrecordshaving digita
a3 3 vital sign records, nursing notes,
medical procedures, and surgical

procedures are stored in CDR

« CDSSlevel 1assisting electron-
ic prescription (new or historic
prescription)

«  Pharmacy information available
in the hospital network and sup-

ported with CDSS
HITlev- Level 2 Level N/A N/A N/A N/A N/A N/A « A CDR consisting of normencla-
d2 2 tureand coding systems, pharma-
cy, orders, and test results (if
available)

« Datain CDR can be shared be-
tween stakeholdersfor care coor-
dination
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Information g2 || RIS EMRY Adminigras  Security Nonfunc-  Extracapabilities

technology PACSE tion and andinfor-  tionality

infrastruc- operation  mation criteria

ture software safety
HITlev- Level 1 Level N/A N/A N/A N/A N/A N/A «  Patient’sinformation can be ac-
dl 1 cessed electronically

3H1S: hospital information system.
bLIs: |aboratory information system.

°RIS-PACS: radiology information system-picture archiving and communication system.

9EMR: electronic medical record.

€CDSS: clinical decision support system.

fCDR: dlinical data repository.

9HL7: Hedlth Level 7.

N/A: not applicable.

iPACS: picture archiving and communication systems.

HIT Level 1

HIT level 1includeslevel 1 of IT infrastructure and level 1 of
HIS, which aims to provide electronic access to patient data.
This IT infrastructure level essentially requires workstation
computers, a local area network, and an internet connection
while HIS manages outpatient and pharmacy data, and sends
claim data to the health insurance claim system. Adoption of
MoH’s terminology and service coding system is compulsory.

HIT Level 2

HIT level 2 is an upgrade of IT infrastructure and HIS from
level 1 to level 2. This will add to the pre-existing system a
dedicated server and the laboratory modules that manage
laboratory orders and results. HIT level 2 particularly aims at
building a clinical data repository (CDR) of pharmacy data,
laboratory orders, test results, and the terminology and service
coding system. Data in the CDR can be accessed by multiple
stakehol ders engaging in patient care.

HIT Level 3

HIT level 3 requires an upgrade of IT infrastructure and HIS
from level 2 to level 3. Added components include LIS,
administrative applications, and cybersecurity solutions at a
basic level. At this level, more security and storage
infrastructures are provided, including firewall devices, security
solutions, and speciaized storage. CDR capacity is increased
to cover vital sign data, nurse notes, and medical procedures.
Health care organizationswould start implementing CDSS level
1 to assist doctors with drug information via the facility’s
intranet.

HIT Level 4

HIT level 4 comprises level 4 IT infrastructure, level 4 HIS,
advanced LIS, and a basic level of RIS-PACS, administration
and operations software, cybersecurity, and nonfunctional
standards. Organizations at this HIT level can manage their
imaging diagnosis data €lectronically using RIS-PACS.
Although a basic RIS-PACS has yet to discontinue physical
film archiving [50], it offers essential functionalities such as
integration with imaging diagnosis machines and HISs, digital
image viewing, and measurement. An advanced LIS can manage
test samples and supplies, integrate with the HIS, and send out

https://www.jmir.org/2022/2/€32392

alerts for abnormal test values. A storage network (a storage
area network or a network-attached storage), a queue
management system with display screens, will complement the
IT infrastructure. Outpatient orders from doctors can be made
electronically, whereas all inpatient orders will be managed in
the digital system.

HIT Level 5

HIT level 5 differsfrom HIT level 4inlevel 51T infrastructure,
level 5 HIS, and advanced RIS-PACS. The advanced level of
RIS-PACS is able to conduct multi-site consultation, allowing
images to be viewed on multiple devices such as laptops and
mobile phones. Furthermore, the Regulations for EMRs allow
paperless image management if health care facilities have
advanced RIS-PACS with an eligible storage capacity [50]. At
level 5, HI Ss can manage emergency rooms, operating theaters,
appointments, and follow-ups and can integrate electronic
patient card.

HIT Level 6

Transitioning from HIT level 5 to HIT level 6 requires
organizationsto implement abasic EMR system in addition to
upgrading their IT infrastructure, HIS, administration and
operation software, security and data safety, CDSS, drug
management, and nonfunctional standardsto an advanced level.
Hospitals qualified for HIT level 6 or higher are certified as a
smart hospital. The basic EMR system provides inpatient
medical records and can integrate with other clinical information
systems. Mobile devicesworking on wirelesslocal areanetwork,
hospital security cameras, and backup storage systems are
needed to meet level 6 I T infrastructure.

Hospitalsat HIT level 6 can receive and use datafrom multiple
information systems such as drug information and interactions,
treatment protocols, and nutrition. Clinical information can be
accessed via mobile devices. In addition, HIT level 6 features
several extra capabilities including a level 2 CDSS, a safe
medicine management procedure, and increased digitalization
of clinical documents. Level 2 CDSSs can warn doctors of drug
interactions and potential treatment risks based on the most
updated evidence. The medicine management system provides
a closed and automatic medicine management procedure using
automated dispensing systemsand digital identification devices,
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for example, barcodes and radio frequency identification. All
structured clinical forms such as progress reports, consultation
notes, problem lists, and discharge summaries are digitized.

HIT Level 7

At HIT level 7, al 8 domains are at their highest level.
Organizations are now equipped with information kiosks and
network monitoring systems. A level 7 HIS provides
functionalities to manage EMRs, professional procedures,
control information kiosks, and support cashless payment. EMR
systems at the advanced level have dedicated functionalitiesto
manage medical records including increased storage duration,
syncing records, and restoring records. Datastored in the EMR
system are better protected and can be exchanged under
international standards such as HL7. According to the
Regulations for EMRs [50], an advanced EMR system with
qualified storage capacity is eligible to replace the paper-based
medical record system. Datafrom CDR are analyzed to improve
quality of care, patient safety, and service efficiency. Insights
for operationa activities can be continuously generated to
inform hospital departments such as inpatient, outpatient, and
emergency departments. Organizations at this HIT level can
exchange datausing HL 7 standards. Finally, level 3 CDSSscan
support a wider range of diagnosis and treatment decisions
(Table 6).

Conditionsfor Provision of Health I T: The Required
Conditionsfor HIT

The Required Conditions for HIT (circular 53/2014/TT-BY T
on Required conditionsfor provision of health I T activities[38])
can be seen asasummary of the criteriathat health carefacilities
need to satisfy when implementing eHealth systems.

This circular announces the conditions and requirements that
health care facilities operating in Vietnam must abide by when

https://www.jmir.org/2022/2/€32392
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implementing and operating health IT systems. Health IT
activities, as defined in the circular, involve providing,
transferring, collecting, analysing, storing and exchanging
health care data through the I T infrastructure. The conditions
specify 4 areas related to health IT implementation: IT
infrastructure, information security, human resource, and
operational requirements (Multimedia Appendix 3).

General and | nteroperability Standards

This group included 2 guidance documents, one from the MIC
and one from the MoH. Although the former addressed the
general technical standards that IT applications in state
organizations need to adopt, the latter revolved around the
national and international standards targeted at health
information systems.

The Recommended Standardsfor HIT

In June 2013, the MoH published decision 2035/QD-BY T (year
2013—Terminology systems and data exchange standards
recommended for health IT [36]) recognizing the terminology
systemsand technical standards applicablefor health I T systems.
Some terminol ogies and standards are required, whereas others
are recommended for adoption in public health care
organizations. It isstrongly advised in the decision that all public
facilities should adopt these systems, and information systems
not matching them should plan for relevant transitions. Table
7 presents the standards and nomenclature systems
recommended in the decision.

In addition to the standards, the MoH instructs IT systemsin
the health sector to follow other relevant IT standards from the
MIC that were addressed in circular 0/2011/TT-BTTTT, which
was then replaced by the new version, circular
22/2013/TT-BTTTT.
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Table 7. Standards and nomenclature systems for health information technology systems.

Categories and standard names Reference Guidance
Administrative nomenclature
Thelist of official administrative unitsin Vietnam Decision 124/2004/QD-TTg year 2004 and its amendments Compulsory
Thelist of ethnic groupsin Vietnam Decision121-TCTK/PPCD year 2004 and its amendments Compulsory
The list of occupationsin Vietnam Decision 114/1998/QD-TCTK year 1998 and its amendments Compulsory
International classification and coding for diseases and medical services
ICD-10-CM? WHOP Compulsory
ICD-0-3¢ WHO Recommended
ICD-10-PCS? WHO Recommended
ATCE WHO Recommended
Loinc Regenstrief Institute Recommended
International interoperability standards
Health Level 7 messaging version 2.x or 3.0 Health Level 7 Compulsory
DICOMY version 2.0 The National Electrical Manufacturers Association Compulsory
SDMX-HD" WHO Compulsory
HL7 CDA! Hedlth Level 7 Recommended
HL7 ccDl Hedlth Level 7 Recommended
ELINCSX The California HealthCare Foundation Recommended

3 CD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification.

BWHO: World Health Organization.

%ICD-0O-3: International Classification of Diseases for Oncology, Third edition.
41CD-10-PCS: International Classification of Diseases, Tenth Revision, Procedure Coding System.

€ATC: Anatomical Therapeutic Chemical.

fLoINnG: Logical Observation Identifiers Names and Codes.

9DICOM: Digital Imaging and Communications in Medicine.
NSDMX-HD: Statistical Data and Metadata eX change-Health Domain.
'HL7 CDA: Health Level 7 Clinical Document Architecture.

JHL7 cCD: Hedlth Level 7 Continuity of Care Document.

KELINCS: EHR-Lab Interoperability and Connectivity Specification.

TheRecommended Standardsfor I T in State Organizations

The MIC released circular 39/2017/TT-BTTTT (Technical
Standards for IT Implementation in State Organizations [46])
as guidance for the adoption of technical IT standards in state
organizations. Its first version is circular 22/2013/TT-BTTTT,
released in 2013. The circular advises on 5 categories of
standards such as connection, data integration, information
access, information security, and public key infrastructure. The
MIC encourages systems currently not adopting the standards
in thiscircular to carry out transitions by July 2018. A detailed
list of the standards is shown in Multimedia Appendix 4.

https://www.jmir.org/2022/2/€32392

Electronic Health Insurance Claim

The Insurance Portal V2 Guidance

Decision 917/QD-BHXH year 2016 (Announcement of the
health insurance portal version 2 [42]) from the VV SS announces
the health insurance portal version 2 and provides detailed
guidelines on connection configuration and structuring data
sets. The guideline is intended for use by health care facilities
and provincial health insurance agencies who are responsible
for regular data upload to the portal. The VSS health insurance
claim and investigation structure are presented in Figure 5.
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Figure5. The Vietnam Socia Security health insurance and investigation structure. HIS: health information system.
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The guideline demonstrates 3 protocols that claim data can be
submitted, each of whichisaccompanied by detailed instructions
such as setting up connections, properly formatting data, and
uploading data to the portal:

« Via web service connection—supports a variety of data
submission including clinical data, service validation,
monthly reports, health insurance 1D checking, examination
history, and referral receipt from other facilities.

- Datasync from client software—supports syncing clinical
data to the system.

- Direct dataentry on the portal—supportsclinical dataentry
to the system.

The portal also offers functionalities for checking health
insurance account information, viewing information of previous
hospital visits, and checking referral documents between health
care facilities.

The Electronic Claim Regulations

The MoH-mandated circular 48/2017/TT-BYT (Regulations
on data exchange in management and reimbursement of health
insurance claims [47]) as an officia regulatory document for
web-based health insurance claims and investigation for health
care organizations. The circular essentially articulates the
responsibilities of health carefacilities and the health insurance
agency aswell asrelevant rulesin sending data and foll ow-ups.
The fundamental technical requirements previously described
in the VSS's guidelines are also outlined in the document
(Multimedia Appendix 5).

The Claim Standar dization Guidance

The health insurance portal requires claim datato be formatted
as XML, encoded with Unicode Transformation Format—8-bit
(UTF-8), and relevant data sets to be standardized for efficient
management and assessment. To support organizations in
preparing claim data, the MoH has delivered data formatting
guides and continuously updated them. The latest release is
found in decision 4210/QD-BY T year 2017 (Requirements for
standard and format of output data used in management,
investigation and reimbursement of insurance-paid health care
expenses[43]). Claimsfor groups of health servicesarerecorded
into separate data sets. Data setsfrom the same patient arelinked
through aunique I D number coded asMA_LK. Theinstructions

https://www.jmir.org/2022/2/€32392

The terminology and service coding

e Health facilities

e Pharmaceutical production and
import organizations

e The Ministry of Health

e The Department of Health

e Health insurance agencies

include dataitem, datatype, the allowed maximum length, and
guidance for data collection.

The scope of the document is as follows:

«  Guidancefor claims of general health services

- Guidancefor claims of medications

«  Guidancefor claims of medical procedures and supplies

- Guidance for claims of imaging diagnosis and laboratory
test services

- Guidancefor claims of follow-up interventions

- Theofficial groups of services by cost

- Theofficia hospital department codes

- Theofficial accident and injury codes

« Theofficial medicine bid packages and package codes

The Terminology and Service Coding System Version 6

The Service Coding System for Health Care Management and
Health Insurance Reimbursement (decision 7603/QD-BY T year
2018 on the Service Coding System for Health Care
Management and Health Insurance Reimbursement version 6
[48]), or the terminology and service coding system, was first
piloted in 3 cities in Vietnam in 2015 [60]. Since then, it has
been continuously updated, with version 6 [48] being the most
up-to-date. The system features nomenclatures of health
services, their standardized codes, regulated prices, and the
ICD-10 codes with Vietnamese instruction. The terminology
and service coding system has been made compulsory for use
in health information systems of state health facilities and
web-based health insurance claim activities. The 11
nomenclature groups provided in version 6 are as follows:

»  Technical service codes

+  Department codes

+ Inpatient bed codes

« Half-day bed codesin chemotherapy and radiotherapy
+  Medication codes

«  Traditional medication codes
« Traditional diagnosis codes

+  Medica supply codes

«  Blood product codes

« ICD-10 codes

+ Laboratory test codes

JMed Internet Res 2022 | vol. 24 | iss. 2 [€32392 | p.125
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Cybersecurity in Health Organizations. The
Cybersecurity Guidance

In October 2014, the MoH promulgated decision 4159/QD-BY T
year 2014 (Guidance on ensuring the security of electronic
health data in health organizations [37]) detailing the required
measures to safeguard cybersecurity in health facilities. These

Tranetd

regulations are applicable for organizations that conduct health
IT activitiesin the web-based environment, including managing,
using, storing, and exchanging health information. In general,
the measures and recommendations addressed by this decision
aim to maintain 3 characteristics (Textbox 6) in digital health
implementation The 16 cybersecurity areas covered in the
guidance can be found in Multimedia Appendix 6.

Textbox 6. Characteristicsin digital health implementation safeguarded by The Cybersecurity Guidance.

Security

«  Only authorized users can access the health information.

Integrity

from the administration unit.

Availability

«  Human resource personnel operating the IT system is ensured.

«  Passwords and access keys are encrypted during access and transmission and are saved at the health care facilities.

« Information can only be deleted or edited by authorized users. Information is preserved during storing and transmission.

« Integrity ismaintained in the management, use, storage, and transmission of information, in which changes are not allowed without authorization

«  Measuresto ensure integrity must be applied in accessing, entering, storing, using, processing, transferring, extracting, and recovering data.

«  Uninterrupted operation of the information technology (IT) system is ensured.

« Information can be accessed quickly in response to authorized requests.

« Policiesfor managing and implementing the I T system are developed, publicized, and adhered to (Multimedia Appendix 6).

LISs: The LIS Guidance

Decision 3725/QD-BYT year 2017 (guideline for
implementation of LIS in health care facilities [44]) guidesthe
technical features and functionalities of an LIS used in health
carefacilities.

The guideline first highlights the essential points that
organizations need to consider when implementing or
developingan LIS:

« LIS's capability to communicate and integrate with other
information systems in the hospital or health care system.

« Laboratory test results and related information can be
exchanged and linked between different laboratories in a
facility and with other facilities.

« LIS's design and technical documents to alow for easy
repair, maintenance, and upgrade.

«  Technical standardsrecognizedin circular 22/2013/BTTTT
and decision 2035/QD-BY T year 2013, where applicable,
must be adopted for LISs.

«  Advanced technologies are encouraged for implementing
LISs.

«  Facilitiesmust ensure the necessary conditionsfor managing
and operating LISs such as safety, data security, IT
infrastructure, and human resources (M ultimedia Appendix
7.

HIMS: TheHIMS Guidance

In 2006, the MoH released the decision 5573/QD-BY T year
2006 (Requirements and functional modules for hospital
management software (HMS) [35]) to guide the adoption of
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HMSin Vietnam’s public and private health carefacilities. The
guideline addresses the key requirements that an HM S should
meet in the regulatory and clinical context of Vietnam. An
HMS's functional modules and detailed instructions for each
module are also presented in the document (Multimedia
Appendix 8).

Electronic Health Records

Overview

The EHR system aimed to create and maintain alifetime EHR
for every Vietnamese resident. It differed from EMR systems
that are managed by hospitals. EHR contents were devel oped
based on the paper-based personal health record’s standardized
template. Each EHR profile isidentified by aunique health 1D
number.

The EHR Scheme

Overview

In decision 5349/QD-BYT year 2019 (The EHR Scheme [51]),
the MoH presents the scheme for setting up and implementing
the EHR system on a national scale. Accordingly, an EHR is
the digital version of health recordsthat are created, displayed,
updated, stored, and exchanged using electronic devices. Health
records are the medical documents that keep health care
information of a person for their lifetime and are regulated by
the MoH. The ultimate goal of this scheme isto provide every
Vietnamese citizen with an EHR while step-by-step establishing
apopulation health database in the National Health Data Center.
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The scheme requires the manufacturers to apply specific
standardsfor the EHR software. Textbox 7 liststhe requirements
for EHR systems according to the EHR Scheme.

Every EHR profile will have a national health ID number that
is unique for every citizen. The National Health ID system is
guided by decision 2153/QD-BY T year 2020 [54].

Textbox 7. Summary of requirements for electronic health record systems.

Tranetd

For data ownership, the government’s administrative bodies
(the MoH and the relevant Provincial Department of Health)
own and manage the data generated during EHR use. EHR
providersor EHR devel opers have responsibilities to hand over
data, software source codes, and other toolsthat allow the MoH
or the Department of Health to continue the EHR service with
another provider.

Category and requirements

«  Theelectronic health record (EHR) software’s design must meet the required standards:
«  TheEHR software can collect all thedatain astandard paper health record guided in decision 831/QD-BY T year 2017 (the standard template

of personal health record for primary health care)

«  TheEHR software can export datato XML files that follow the guidance set out in decision 4210/QD-BYT year 2017 (Standards for claim

data submitted to the web-based health insurance system)

«  TheEHR software can satisfy theregulationsin circular 48/2017/TT-BY T year 2017 (regulationsfor data sharing in health insurance claim)

o  Compatible with Health Level 7 standards

«  TheEHR software can use the National Health ID system and is interoperable with related health information systems

«  EHR functiona modules
«  Health service provision functionality
«  Administrative management functionality

« Information infrastructure management functionality

o Personal information protection

«  Protection of personal datain EHRs abides by Section 2, Chapter Il of the Electronic Data Safety Law

Per the timeline announced in the scheme, the MoH aims to
reach an EHR coverage of 80% in the population of central
government provinces by the end of 2020 and a coverage of
95% in Vietnam's population by the end of 2025. Following
arethe stepsto install and implement EHRs:

- Developing EHR software

- Installing EHR software in health facilities

- Providing EHR training for health workers

« Creating EHRs and collecting data for EHRs using the
pre-existing data at health facilities or viainterviews

«  Continuously updating datato EHRs at health facilities

- Making use of data collected in EHRs

- Maintaining the EHR system

Technical documentsand guidanceto operate and manage EHRs
will be built to guide EHR use at health facilities, including the
following:

- Interoperability specifications with the National Health 1D
system and related health information systems.

« Policiesfor using, managing, operating, and ensuring data
safety for the EHR system.

- Policiesfor creating, updating, and making use of EHRs.

« Financial mechanisms for maintaining and operating the
EHR system.

TheHealth ID Regulation

Decision 2153/QD-BYT year 2020 (Regulations on creation,
use, and management of health identification [54]), released in

https://www.jmir.org/2022/2/€32392

May 2020, announced that the social insurance ID will be the
national health ID. These ID numbers are nationally unique for
each patient and represent a set of identification data for that
patient. Each identification data set includes the patient’s full
name, date of birth, gender, place of birth ID, and health
insurance |D. Health ID isintended to be used with EHR, EMR,
and other health information systems as a common patient
identifier system.

Discussion

Principal Findings

Thisreview explored the current state of digital health research
and policiesin Vietnam to inform theimplementation of digital
systems used in hospital care. Nearly half of the hospital-based
studies were case reports of engineering solutions; 1 study
assessed physicians' performance with assistance from a CDS
software; 2 explored readiness to adopt EHRs; and 2 provided
a high-level review of Vietnamese eHealth. The data analyzed
in these studies were mostly collected in 2016 or earlier. These
findings suggest alack of research studies that investigate and
inform the implementation of digital health systems in
Vietnamese hospital settings.

Government policiesin Vietham have paid significant attention
to digital health over the past 5 years. The MoH has set out
specific regulationsfor EMR use and amaturity framework that
shapes the development of digital health systems in hospitals.
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Other national projects have occurred, such as the electronic
insurance claim system, the nationwide rollout of an EHR, and
a national health ID system. International standards such as
HL 7v2 messaging, ICD-10, and recently HL 7's Fast Healthcare
Interoperability Resources have been consi stently recommended.
Guidance documents have also addressed measures to ensure
cybersecurity in health organizations. These policiesare guided
by an architectural framework and digital health strategies that
ultimately aim to leverage I T, especially smart technology, in
all aspects of the sector.

Of all the policies reviewed, the Regulations for EMRs and the
HIT Maturity Model can be seen as the key policies for HIT
application in Vietnam's hospitals. Although the previous
national efforts focused on administrative systems such as the
HIMS [35], these policies aimed to promote the adoption of
clinica systems such as EMR, laboratory information
management system, and RIS-PACS. At this nascent stage of
HIT adoption, Vietnam has been focusing on building the
necessary infrastructure and emphasizing the role of HIT in
achieving a more efficient paperless environment. This is
reflected in the recent digital health agenda, which highlighted
the crucial role of EMRs in replacing paper medical records
[49,53]. A mgjor themethat the Regulationsfor EM Rs addressed
is the eligibility of transitioning to a completely paperless
environment for EMR systems, aswell as LIS and RIS-PACS
[50Q]. Although thisis a practical and well-defined motivation
for EMR adoption, the World Health Organization
recommended thetrue benefits of EM RS, such asimproved data
quality, timely accessto information, and increased care quality,
should be proven to encourage buy-in from health care workers
[61]. Thus, future policies may seek to link EMR and HIT
adoption with such benefits through clearly defined quality
indicatorsto ensure meaningful HIT use. Lessons learned from
some countries al so recommend that financial incentives, when
possible, should be made to increase EMR adoption [62-64].

The HIT Maturity Model defined a wide spectrum of HIT
implementation levelsthat are applicable for hospital s of various
digitization stages. Although the Smart HIT Scheme and the
Digital Transformation Scheme aimed to establish smart
hospitals (HIT level 6) in the next few years, there may be a
need for further policy development that takes into account the
Vietnamese context as an LMIC. The Assessment of HIT
Maturity conducted in 2019 showed a large dispersion of HIT
maturity across the top-level hospitals directly governed by the
MoH, among which 19% (8/42) wereonly at HIT level 1, most
hospitals (20/42, 48%) were at HIT level 3, and only 2% (1/42)
of hospitals was at HIT level 5 [65]. A readiness assessment
conducted by the MoH in 2017 revealed that among 36
MoH-governed hospitals, only 11 (31%) had EMR systems, 14
(39%) had some forms of CDS software, and over half of these
hospitals lacked specialized IT workforce and information
security capacity [66]. Given the low HIT maturity levels that
these high-rank hospitals held, HIT implementation and
readiness in smaller hospitals can be even poorer. It is likely
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that rural hospitals will struggle to reach even the most basic
levels of digital maturity owing to a lack of funding, 1T
workforce, and infrastructure. Therefore, future policies may
need to recommend further support for small and rural hospitals
to reduce these gaps in digital maturity.

The 2 digital health strategies aim to promote Al in health care
through applications such as CDSSs integrated with EHR
systems, imaging diagnosis, and surgical support. New
regulations, guidance, and standards areto bereleased to inform
these adoptions [53]. Some of these intended policies are
regulations for trials of novel digital health products, guidance
for digital health technologies, and guidance for protecting
web-based health data, to name a few. New regulation
frameworks, along with an increased use of EMRs and EHRs
in Vietnam’s hospitals, will be important facilitators for the
development and implementation of Al for hospital care in
Vietnam. However, there is currently a lack of research to
inform appropriate and sustainable use of these technologiesin
Vietnam. Local context factors such as disease burden, health
care practices, and infrastructure constraints should be
considered for future Al research and implementation, as
highlighted by Schwalbe and Wahl [5], Wahl et a [6], and
Alami et al [67]. Future digital health research should seek to
investigate these factorsto best guide HIT and Al development
and application in Vietham's hospitals.

Limitations

Thisreview was limited to the context of hospital-based digital
health systems and does not cover the more extensive academic
literature on community-based systems and the use of national
systems for monitoring infectious disease outbreaks and other
public health interventions. Academic studies were only
searched on international databases, hence this study did not
cover publicationsin Vietnamese journal sthat are not registered
in these databases.

At the time this study was conducted, the digital health policy
landscape in Vietnam was experiencing significant changes
with new policieslikely to bereleased and the existing policies
being subject to modifications over the next year. Therefore,
this scoping review should be viewed as a snapshot of thisarea
at the end of 2020.

Conclusions

Quantity and areas of research studies about digital health
systemsin hospitalsin Vietham are limited with little evidence
to inform the implementation of new technologies in hospital
care. The policies developed over the past 5 yearsto inform the
adoption of digital health systemsin Vietham are comprehensive
and will be useful for hospitals. They focus on guiding the basic
functionalities and largely follow international standards and
guidelines. Further research is needed to ensure that policies
and guidelines can deal in detail with issues not encountered in
HIC settings or that may be specific to the Viethamese context.
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Abstract

Background: Inrecent years, virtual reality exposure-based cognitive behavioral therapy (VRE-CBT) has shown good treatment
results in (subclinical) anxiety disorders and seems to be a good alternative to exposure in vivo in regular cognitive behavioral
therapy (CBT). However, previous meta-analyses on the efficacy of VRE-CBT on anxiety disorders have included studies on
specific phobias and subthreshold anxiety; therefore, these results may not be generalizable to patients with more severe and
disabling anxiety disorders.

Objective: The objective of our study isto determine the efficacy of VRE-CBT on more severe anxiety disorders, excluding
specific phobias and subthreshol d anxiety disorders. Meta-analyseswill be conducted to examine the efficacy of VRE-CBT versus
waitlist and regular CBT. Our secondary objectives are to examine whether the efficacy differs according to the type of anxiety
disorder, type of recruitment, and type of VRE-CBT (virtua reality exposure either with or without regular CBT). Furthermore,
attritionin VRE-CBT and CBT will be compared.

Methods: Studies published until August 20, 2020, wereretrieved through systematic literature searchesin PubMed, PsycINFO,
and Embase. We calculated the effect sizes (Hedges g) for the difference between the conditions and their 95% Cls for posttest
and follow-up measurements in a random effects model. A separate meta-analysis was performed to compare attrition between
the VRE-CBT and CBT conditions.

Results: A total of 16 trialswith 817 participantswereincluded. We identified 10 comparisons between VRE-CBT and awaitlist
condition and 13 comparisons between VRE-CBT and a CBT condition. With regard to risk of bias, information on random
sequence generation, allocation concealment, and risk of bias for selective outcome reporting was often absent or unclear. The
mean effect size of VRE-CBT compared with waitlist (n,,=10) was medium and significant, favoring VRE-CBT (Hedges g=—0.490,
95% CI -0.82 to —0.16; P=.003). The mean effect size of VRE-CBT compared with CBT (n.,=13) was small and nonsignificant,
favoring CBT (Hedges g=0.083, 95% CI —0.13 to 0.30; P=.45). The dropout rates between VRE-CBT and CBT (n,=10) showed
no significant difference (oddsratio 0.79, 95% CI 0.49-1.27; P=.32). Therewere noindications of small study effects or publication
bias.

Conclusions: Theresultsof our study show that VRE-CBT ismore effective than waitlist and as effectiveas CBT in the treatment
of more severe anxiety disorders. Therefore, VRE-CBT may be considered apromising aternativeto CBT for patients with more
severe anxiety disorders. Higher-quality randomized controlled trials are needed to verify the robustness of these findings.
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Introduction

Background

Exposure-based cognitive behavioral therapy (CBT) is known
as the gold standard for treatment of patients with anxiety
disorders asits efficacy has been well-established by extensive
research [1,2]. Despite its efficacy, potential disadvantages
concern CBT being time- and cost-inefficient, impracticable,
or considered too aversive by patients [3]. Virtua reality
exposure-based cognitive behaviora therapy (VRE-CBT) offers
an aternative to regular CBT and has several advantages. It
allows immersion within a feared virtual environment that is
tailored to the individual patient while being offered within a
convenient and safe clinical setting. In VRE-CBT, the therapist
can ensure compl ete control over the content and dose of feared
stimuli and therefore optimize individualized pacing through
exposures. Moreover, each step of VRE-CBT can be repeated
asoften as needed before proceeding to the next feared situation,
thereby facilitating the complex processes responsible for the
effect of exposure therapy. Attrition rates between VRE-CBT
and CBT do not seem to differ [4]. However, it was shown that
most of aclinical samplewith phobic disorders (76%) preferred
VRE-CBT over exposurein vivo, and refusal rates of thosewho
wereoffered VRE-CBT (3%) were substantially lower compared
with refusal rates of those who were offered exposure in vivo
(27%) [5].

In recent years, many studies have been conducted on the
efficacy of VRE-CBT on anxiety disorders and have shown
good treatment results. A total of 5 meta-analyses on the efficacy
of VRE-CBT versus control conditions, consisting mostly of
studies on specific phobias, have been published. They
consistently show a clear superiority of VRE-CBT versus
nonactive control groups (ie, waitlist) [6-10] and similar
[6,7,9,10] or larger [8] effects of VRE-CBT versus CBT
conditions incorporating in vivo exposure. In addition, Opris
et a [6] showed good stability of VRE-CBT results over time,
similar to those of CBT, and a dose-response relationship with
more sessions yielding a larger treatment effect. Although it
has been questioned whether VRE-CBT induces significant
behavior changesin red life [8], Morina et a [7] showed that
treatment gains after VRE-CBT generaize well to real-life
situations as measured by means of behavioral |aboratory tests
and recordings of behavioral activities in rea life [7].
Considering the advantages of VRE-CBT and its promising
results in previous meta-analyses, it is not surprising that a
significant expansion of VRE-CBT in mental health careisboth
predicted and advocated to occur in the coming years [11].
However, these meta-analyses have limited generalizability to
patients with more severe and disabling anxiety symptoms—a
diagnosis of an anxiety disorder according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
and Fifth Edition (DSM-1V and DSM-V, respectively), and the
International Classification of Diseases, 10th and 11th Revision

https://www.jmir.org/2022/2/e26736

(ICD-10 and ICD-11, respectively), established by a structured
diagnostic interview, excluding specific phobias. First, most
previous meta-analyses included studies that completely [7],
largely, or partly [6,8-10] focused on specific phobias. However,
specific phobias are generally less severe than more disabling
anxiety disorders such as socia anxiety disorder (SAD),
posttraumatic stress disorder (PTSD), panic disorder (PD), and
agoraphobia (AGO). Second, theinclusion of studiesin previous
meta-analyses was not restricted to samples with a formal
anxiety disorder diagnosis (following DSM or ICD criteria),
thereby including subthreshold anxiety disorders that are less
severe. Carl et a [9] also stated that “The applications for
clinical settings are clearer when conclusions can be drawn from
clinical samples.” The experience with and effectsof VRE-CBT
may be different for patients with more severe symptoms. On
the one hand, they might be more reluctant to expose themselves
to feared situationswith regular CBT and may favor and benefit
most from a controlled exposure therapy setting, such as in
VRE-CBT. On the other hand, treating these more severe anxiety
disorders with VRE-CBT may be far more challenging than
treating milder symptoms. VRE-CBT for the treatment of more
severe anxiety disorders requires more varied and elaborate
virtual settingswhile still ensuring a high sense of presence (the
feeling that one is actually present in the virtual world). For
example, rather than fear of a specific situation or object,
treatment of AGO generally requires exposureto various public
places (eg, streets, shops, and public transport). In addition, for
SAD, it may be essential that VRE-CBT also incorporates
interaction through verbal and nonverbal behavior of othersin
response to the behavior of the patient as SAD centers on the
perception of negative evaluation. In addition to the
predominance of studies targeting specific phobias, most
previous meta-analyses also included nonrandomized studies,
thereby possibly leading to biased results. Ultimately, thereis
alack of evidencefor the efficacy of VRE-CBT inthe trestment
of more severe and formal anxiety disorders. Hence, a careful
examination of research is necessary to prevent unjustified
expansion of VRE-CBT in clinical settings.

We conducted ameta-analysisto determine whether the positive
results of VRE-CBT as reported in earlier meta-analyses are
sustained when focusing solely on more severe anxiety disorders
(according to DSM-1V, DSM-V, ICD-10, or ICD-11 criteria):
PD with or without AGO, AGO, SAD, generalized anxiety
disorder (GAD), obsessive-compulsive disorder (OCD), or
PTSD, limiting our inclusion criteria to studies with a formal
diagnosis to avoid heterogeneity in our sample.

Objectives

Our main objective isto examine the efficacy of VRE-CBT on
anxiety severity compared with (1) waitlist and (2) CBT at
posttest and follow-up measurements (if available). Our
secondary objectives are to examine whether efficacy differs
according to the type of anxiety disorder, type of recruitment,
and type of VRE-CBT (virtual reality exposure [VRE] with or
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without regular CBT). Furthermore, thefeasibility of VRE-CBT
has been evaluated by comparing the attrition of VRE-CBT and
CBT.

Methods

Study Selection

Studies published until August 20, 2020, wereretrieved through
systematic literature searches in PubMed, PsycINFO, and
Embase (see Multimedia Appendix 1 for the complete search
strings) for studies that randomized patients with anxiety
disordersinto VRE-CBT, active control condition, or aninactive
control condition and compared the effects of these treatments.
A librarian and IvL conducted the search by combining search
termsindicative of anxiety disorders (PD with or without AGO,
AGO, GAD, SAD, OCD, and PTSD) with terms indicative of
VRE therapy. Furthermore, we checked the reference lists of
the retrieved articles and previous meta-analyses and reviews
for additional studies.

Theinclusion criteriawere (1) adult patients (aged >18 years);
(2) at least one VRE-CBT condition; (3) random assignment to
conditions; (4) comparison with waitlist or CBT without virtual
reaity (VR); (5) measure of outcome related to anxiety; (6) a
primary diagnosis of an anxiety disorder according to DSM-1V,
DSM-V, ICD-10, or ICD-11 criteriaestablished by a structured
diagnostic interview, excluding specific phobias; and (7) original
empirical findings. Consistent with the DSM-IV or DSM-V
classification, PTSD and OCD were also included even though
theseare no longer classified asanxiety disordersinthe DSM-V.
No date restrictions were applied. Articles consisting of only
abstracts or not presenting original datawere excluded, aswere
studies with a crossover design. No language restrictions were
applied.

Intotal, 2 authors (WS and IvL) independently assessed thelist
of titlesand abstracts that resulted from the literature search for
eligibility. WS and IvL independently examined full texts and
selected eligible randomized controlled trials (RCTS).
Discrepancieswere resolved by consulting and discussing with
a third author (NB). This meta-analysis was conducted in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [12].

Data Extraction

In total, 2 authors (WS and IvL) independently extracted the
data from the selected articles. This information included
characteristics of the study population (mean age and range and
gender), classification instrument, recruitment method, primary
outcome, and conditions (sample size, number of dropouts,
number of sessions, and follow-up in monthsfor each condition).

For studies using more than one validated outcome measure,
we selected the reported primary outcome measure. When
undefined, we selected the domain-specific outcome that was
most frequently used in the included trials for that type of
anxiety disorder as the primary outcome measure.

For each study, the mean and SD of the primary outcome on
posttest and follow-up measurements were used to calcul ate the
effect sizes. For the study of Pitti et al [13], the effect size was
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calculated using the mean and P value of the between-group
comparison as SDs were not available. Discrepancies in data
extraction were resolved through discussion and by studying
the original article. In case of alack of clarity or missing data,
the authors of selected studies were contacted.

Risk of Bias Assessment

Intotal, 2 authors (WS and IvL) independently assessed the risk
of bias in the included studies. Differences were resolved
through discussion. Five areas of risk of bias according to the
Cochrane tool for assessing risk of bias were rated [14]: (1)
random sequence generation, (2) alocation concealment, (3)
blinding of outcome assessment, (4) incompl ete outcome data,
and (5) selective reporting. The criterion of blinding of
participants and personnel was omitted as blinding is not
possible in these psychological interventions. We assessed all
areas as having low, high, or unclear risk of bias. Incomplete
outcome data were assessed by evaluating attrition ratesin all
the comparison groups. Attrition was defined as all randomized
patients who dropped out of thetreatment. If attrition rateswere
>30% and no appropriate methodswere used to minimize biased
comparisons among groups (intention-to-treat analyses), the
study was coded as being at high risk of bias for incomplete
outcome data. Selective outcome reporting was assessed by
evaluating differencesin primary outcomes between publication
and tria registration, if available. If no trial registration was
available for a study, the study was coded as being at unknown
risk for selective outcome reporting. We computed a summary
score for each study by summing the number of items scoring
high risk of bias, which could range from Oto 5, with low scores
indicating low risk of bias.

Meta-analysis

Meta-analyses were conducted to assessthe effect of VRE-CBT
on the severity of anxiety symptoms when compared with
waitlist and CBT conditions. We calculated the effect sizes
(Hedges g) for the difference between the conditions and their
95% Clsfor posttest and follow-up measurements if data were
available. For the follow-up date, we chose the longest follow-up
period available. The effect sizes were based on
intention-to-treat analysis, if available. Otherwise, completer
analysis results were used. Heterogeneity among the studies

was examined using the Cochran Q test and Higgins 12 statistics
[15]. The possibility of publication biaswas evaluated by visual
inspection of the funnel plot and Egger test [16] and using the
Duval and Tweedietrim and fill procedure[17]. Random effects
models were used as heterogeneity across the studies was
expected, for example, because of variations in the number of
sessions, treatment protocols, recruitment setting, and type of
anxiety disorder.

Predefined subgroup analyses were conducted for type of
anxiety disorder and method of recruitment (community,
clinical, or both). Meta-regression analyses were used to
estimate the impact of year of publication, quality of the
individual studies (risk of bias), and treatment duration (in
sessions). We conducted sensitivity analyses excluding outliers
and studies in which the VRE-CBT condition included
additional CBT elements or sessions with psychoeducation,
cognitive restructuring, interoceptive exposure, and exposure
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in vivo. A separate meta-analysis was performed to compare
the dropouts between the VRE-CBT and CBT conditions to
assess the feasibility of VRE-CBT. Odds ratios indicated the
odds of participants dropping out from the VRE-CBT versus
CBT. The analyses were performed using Comprehensive
Meta-Analysis (version 2.2; Biostat Inc) [18].

Results

Study Inclusion

After removal of duplicates, the literature searches resulted in
a total of 1405 papers for consideration. A total of 2 papers

van Loenen et d

(2/1405, 0.1%) wereidentified from checking references. After
screening thetitles and abstracts, of the 1405 papers, 45 (3.2%)
full-text articles were retrieved for a more detailed evaluation
of eligibility. Figure 1 shows the flowchart of the inclusion
process following the PRISMA guidelines [19]. Subsequently,
of the 45 articles, 26 (58%) were excluded asthey did not meet
theinclusion criteriafor various reasons. In addition, 3 studies
(3/45, 7%) were excluded because of missing datafor analyses
despite efforts to acquire these data by contacting the authors
(for specific reasons, see Figure 1). Finally, 16 studies were
included in the meta-analysis.

Figure 1. Flowchart of study inclusion. RCT: randomized controlled trial.
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Study Char acteristics

A total of 16 trials were included in Multimedia Appendix 2
[13,20-34]. These trials entailed 10 comparisons between
VRE-CBT and a waitlist and 13 comparisons between
VRE-CBT and a CBT condition. The number of participants
per study ranged from 10 to 162 (12/16, 75% of the studies had
<25 participants in each arm). Follow-up data were available
for 38% (5/13) of the comparisons between VRE-CBT and a
CBT condition and ranged from 6 to 12 months. Of the 16

https://www.jmir.org/2022/2/e26736

RenderX

studies, 7 (44%) focused on PD with or without AGO, 4 (25%)
focused on SAD, 4 (25%) focused on PTSD, and 1 (6%) focused
on GAD. None of the screened studies on OCD were included
asthey did not meet our inclusion criteria.

Risk of Bias

In each trial, 5 areas of risk of bias were rated as low, unclear
(because of lack of information), or high risk of bias. Ashblinding
of participants and personnel was not possible, al studies had
ahighrisk of performance bias; therefore, thiswas not reported
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(see Figure 2 for the risk of bias summary). Information on
random sequence generation and allocation concealment was
absent or not reported clearly in 44% (7/16) and 63% (10/16)

Figure 2. Risk of bias summary [13,20-34].

Botella et al, 2007

Choi et al, 2005
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Meyerbroeker et al, 2013
Pefiate Castro et al, 2014
Pelissolo et al, 2012
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Anderson et al, 2013
Bouchard et al, 2017
Kampmann et al, 2016
Moldovan and David, 2014
Gamito et al, 2010
Ready et al, 2010
Reger et al, 2016
Mclay et al, 2011

Repettoetal, 2013

Effect Size: VRE-CBT Versus Waitlist at Posttest
M easur ement

The mean effect size of VRE-CBT on symptoms of anxiety
when compared with waitlist control at posttest measurement
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of thetrials, respectively. Of the 16 trials, 9 (56%) were scored
with unclear risk of bias for selective outcome reporting as
registration in atrial database could not be found.
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(ne,=10) was medium and significant, favoring VRE-CBT
(Hedges g=—0.490, 95% CI —-0.82 to —0.16; P=.003; see Figure
3 for the forest plot). There was moderate heterogeneity

(17=56%). Effect size decreased after exclusion of 1 potential
outlier [20] (Hedgesg=-0.391, 95% CI —0.66 to —0.12; P=.005),
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with low heterogeneity (12=33%). Sensitivity analysisexcluding
studiesin which VRE-CBT included additional CBT elements
or sessions (n,,=6) showed a decrease in the effect size to
Hedges g of —0.255 (95% Cl —0.49to —0.02; P=.03). Sensitivity

van Loenen et d

analysis excluding 1 study with medication (antidepressants;
N.,=9) aspart of theintervention and control conditions showed
a decrease in the effect size to Hedges g of —0.432 (95% ClI
-0.78 to —-0.09; P=.01).

Figure 3. Forest plot of virtual reality exposure-based cognitive behavioral therapy versus waitlist at posttest measurement [20,22,24,26-30,32,34].
GAD: generalized anxiety disorder; PTSD: posttraumatic stress disorder; VRE-CBT: virtua reality exposure-based cognitive behavioral therapy.

Study name Subgroup within study Statistics for each study Hedzes's g and 95% €I
Hedges's  Standard Lower Upper

I3 Brror Variance  limit limit  Z-Value p-Value
Anderson, 2013 Waitlist post social phobia -0,283 0,261 0,068 -0,793 0,228 -1,085 0,278
Botella, 2007 Waitlist post Panic disorder -1,765 0,461 0,212 -2,668 -0,863 -3,833 0,000 —e
Bouchard, 2017 Waitlist post Social phobia -1,190 0,351 0,123 -1,879 -0.502 -3,390 0,001 st e
Gamito, 2010 Waitlist post PTSD -0,267 0,647 0,419 -1,535 1,002 -0,412 0,680 1
Gonzalez Lorenzo, 2011 Waitlist post  Panic disorder -0,969 0,332 0,111 -1,621 -0,318 -2,916 0,004 ——
Kampmann, 2016 Waitlist post Social phobia -0,127 0,310 0,096 -0,736 0481 -0411 0681
IMoldovan, 2014 Waitlist post Social phobia 0,226 0,542 0,294 -0,837 1,290 0417 0676
Penate, 2014 Waitlist post Panic disorder -0,182 0,340 0,116 -0,849 0,484 -0,536 0,592
Reger, 2016 Waitlist post PTSD -0,382 0,193 0,037 -0,760 -0,004 -1,980 0,048
Repatto, 2013 Waitlist post GAD 0,068 0,415 0,172 -0,745 0280 0,163 0871

-0,490 0,167 0,028 -0,817 -0,164 -2,944 0,003 ’
-3,00 1,50 0,00 1,50 3,00
WRE-CBT Waitlist

Effect Size: VRE-CBT Versus CBT at Posttest

M easur ement

The mean effect size of VRE-CBT on symptoms of anxiety
when compared with CBT at posttest measurement (n.,=13)
was small and nonsignificant, favoring CBT (Hedges g=0.083,
95% ClI -0.13 to 0.30; P=.45) with low to moderate

heterogeneity (1°=36%; see Figure 4 for the forest plot).

Sensitivity analysis excluding studies in which VRE-CBT
included additional CBT elements or sessions (ny,=6) showed
anonsignificant increase in the effect size to Hedges g of 0.209
(95% CI —0.14 to 0.56; P=.24). Sensitivity analysis excluding
1 study with medication (antidepressants; n.,=12) as part of the
intervention and control conditions showed asimilar effect size
of Hedges g of 0.09 (95% CI —0.14 to 0.33; P=.34).

Figure 4. Forest plot of virtual reality exposure-based cognitive behavioral therapy versus cognitive behavioral therapy at posttest measurement
[21-28,31-33]. CBT: cognitive behavioral therapy; PTSD: posttraumatic stress disorder; VRE-CBT: virtual reality exposure-based cognitive behavioral

therapy.

Study name Subgroup within study Statistics for each study
Hedges's  Standard Lower Upper
B eror Warlance  fimit  limit
Anderson, 2013 CBT post Sodal phobla 0,078 0,240 0,058 -0,202 0,549
Botella, 2007 CBT post Fanic disorder 0,177 0,395 0,156 -0,951 0,597
Bauchard, 2017 CBT post Social phobia -0,162 0,317 0,100 -D,783 0,459
Chai, 2005 CBT post Fanic disorder 0,644 0,318 0,101 0020 1,268
Gonzalez Laorenza, 2011 CBT past  Panic disorder -0,053 0,314 0,099 -0668 0,563
Kampmann, 2016 CBT post Social phobia 0,734 0,321 0,102 0106 13262
Mclay, 2011 CBT post FTSD -0,655 0,441 0,194 -1,51% 0,209
Meyerbroeker, 2013 CET post Panic disorder 0,092 0,250 0024 -DEE1 0477
Pelissolo, 2012 CBT post Panic disorder 0,031 0,242 0058 -0443 0,504
Penate, 2014 CBT post Panic disorder 0,803 0,335 0,113 -0,254 1,059
Pitti, 2008 CET past Panic disorder 0,611 0405 0,164 -1,404 0,181
Ready, 2010 CET post FTED -0,510 0,608 0,370 -1,703 0,882
Reger, 2016 CBT post PTSD 0,384 0,193 0,037 0006 0,762
0,082 0,109 0012 -0,131 0296

Effect Size: VRE-CBT Versus CBT Condition at
Follow-up (6-12 Months)

In total, there were 5 studies (5/16, 31%) with follow-up
assessments that were compared with CBT. Of the 16 studies,
3 (19%) only conducted follow-up assessments after 6 months
[24,27,31], 1 (6%) had 6- and 12-month assessments [25], and
only 1 (6%) had a 12-month follow-up [20]. For the
meta-analysis, thelongest foll ow-up period was used. The mean
effect size of VRE-CBT on symptoms of anxiety when
compared with CBT (n,=5) remained nonsignificant at
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Z-Value  p-Value

0,327
-0,448
0,511
2,024
-0.167
2,280
-1,486
0,318
0,128
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-1,512
-0,839
1,993
0,760

0,743
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0,608
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0,867
0,022
0,157
0,750
0,298
0,229
0,131
0,401
0,048
0,447

—t——

e
-1,50 a.00
WRE-CBT

1,50
CBT

follow-up (Hedges g=—0.082, 95% CI —0.40 to 0.24; P=.61;
12=0).

Subgroup Analyses and M eta-Regression Analyses

Subgroup analyses were performed for the type of anxiety
disorder and type of VRE-CBT (VRE either with or without
regular CBT). Type of anxiety disorder (SAD: n.,=3; PD with
or without AGO, or AGO: n.,=7; and PTSD: n,=3) was a
significant moderator (P=.005) for the comparison between
VRE-CBT and waitlist, although this result was most likely
affected by the high heterogeneity within 2 of the small
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subgroups—PD with or without AGO, or AGO (1?=75%) and

SAD (12=59%). Only 1 GAD study (1/16, 6%) was available;
therefore, we did not include this study in the analysis.

We were not able to conduct planned subgroup analyses for
type of recruitment (community, clinical, or both) as there was
only 1 study (1/16, 6%) with community recruitment, which
did not alow for subgroup analysis.

Meta-regression to estimate the impact of year of publication
(P=.16), treatment duration (in sessions; P=.85), and quality of
theindividua studies(risk of bias; P=.32) showed no significant
effects in the comparison of VRE-CBT with waitlist control.
In the comparison with CBT, year of publication (P=.44),
treatment duration (in sessions; P=.07), and quality of the
individual studies (risk of bias; P=.50) also showed no
significant differences.

Comparison of Attrition Between VRE-CBT and CBT

A separate meta-analysiswas conducted to compare the dropouts
between VRE-CBT and CBT conditionsto assessthefeasibility
of VRE-CBT. The dropout rates between the 2 conditions

van Loenen et d

(ng,=10) showed no significant difference (oddsratio 0.79, 95%
Cl 0.49-1.27; P=.32).

Publication Bias

We conducted the Egger test for asymmetry of the funnel plot
for the comparison between VRE-CBT and waitlist. Visual
inspection of the funnel plot seemed to show some asymmetry,
which could indicate small study effects. The Egger regression
intercept test was not statistically significant (intercept=—0.53,
95% CI —-4.09 to 3.03; P=.74). The Duval and Tweedie trim
andfill procedure showed that adjustment for potentially missing
studies (n=1) was associated with the effect size dlightly
increasing from —0.51 (95% CI —0.84 to —0.17) to —0.56 (95%
Cl -0.88t0-0.22; Figure5). The Egger test for the comparison
between VRE with and without CBT also showed some
asymmetry. The Egger regression intercept test was not
statistically significant (intercept=—2.15, 95% CI —-4.60 to 0.30;
P=.08). The Duval and Tweedietrim and fill procedure showed
that adjustment for potentially missing studies (n=3) was
associated with the effect size increasing from 0.09 (95% Cl
-0.13 to 0.30) to 0.19 (95% CI —0.04 to 0.42; Figure 6), with
largely overlapping Cls.

Figure5. Trim and fill adjusted funnel plot of virtual reality exposure—based cognitive behavioral therapy versus waitlist (the white circles represent
the observed studies, and the black circles represent the imputed studies). Std diff: Standard difference.
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