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Abstract

The use of photography in routine clinical practice has the potential to increase the efficiency of overal patient care as well as
improve clinical documentation and provider-to-provider communication. Thisis particularly important in the setting of provider
burnout in the electronic health record era and during the COVID-19 pandemic. Despite the potential of photographs to enhance
workflows and patient care, challenges remain that hinder the successful incorporation of medical photography into clinical
practice, often because of inconsistent structure and implementation. Our proposed consolidated framework for clinical photography
consists of five key aspects: appropriate informed consent; proper preparation and positioning; image acquisition with consideration
of the field of view, orientation, focus, resolution, scale, and color calibration; streamlined and secure image storage and
documentation; and interoperable file exchange. Overall, this viewpoint is a forward-looking paper on leveraging medical

photography as an electronic health record tool for clinical care, research, and education.

(Interact J Med Res 2022;11(2):€36102) doi:10.2196/36102
KEYWORDS

medical photography; photo documentation; EMR,; electronic medical record; electronic health record; EHR,; interoperability;
interoperable; photography; photograph; imaging; image capture; image; image storage; clinical instrument; clinical tool

Introduction

Medical photography remains underused asaclinical instrument.
Despite the well-acknowledged potential of photographs to
improve workflows and patient care, challenges hinder their
integrationinto clinical care[1]. Nevertheless, provider burnout
during the electronic health record (EHR) era and COVID-19
pandemic is a growing concern [2] that requires health
information technology that supports rather than burdens
providers. As the common saying goes, a picture is worth a
thousand words; thus, medical photography has the potential
to increase efficiency of patient care and improve quality of
documentation and provider-to-provider communication. Inthis
viewpoint, we present an overview of the current state of photo
documentation, the existing challenges of its adoption and

https://www.i-jmr.org/2022/2/€36102
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integration into clinical care, and our recommended framework
for better use of medical photography as a clinical tool.

Background: Value of Photo
Documentation

Capturing visua representations of patients conditions has
been essential throughout the history of medicine, from initial
documentation through artists' depictions to the current era of
clinical photography using smartphone cameras [3]. In fact,
photo documentation has been perceived as|ess biased than the
text record. Providers from diverse fields use photography to
record clinical findings. Physicians have reported that photo
documentation improvestheir patient assessment and enhances
confidencein clinical decision-making [4]. Patientsalso perceive
the value of photographs and generally approve of the use of
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clinical images in medical records and coordination of care
[4,5], apractice that can help avoid repeated or uncomfortable
examinations. Integration of clinical images when
communi cating with specialists has al so been shown to improve
the accuracy of the diagnosis [3,6]. Despite all-around interest
in photo documentation, there remains a lack of industry
consensus for the efficient capture, storage, retrieval, and
exchange of digital imagesin medicine [7-9].

Current Challenges

Although EHR systems have the capability to store clinical
photographs, image capture, documentation, and interoperability
are not standardized. Provider workflows range from copying
and pasting images into clinical notes to storing images in a
dedicated media hub of the EHR. The variability in practices
and capability of EHR systems pose challengesin longitudinal
patient care, communi cation between providers, and information
sharing with patients. In the longitudinal care of patients, EHR
systems usually support trending of vital signs and laboratory
valuesto discern whether acondition remained stable, improved,
or worsened. The same functionality is not commonplace with
clinica photography, minimizing its utility in tracking
conditions over time. Although information exchange has been
a long-standing meaningful use objective of the Centers for
Medicare & Medicaid Services[10], image file attachments do
not reliably display in a consistent manner in the EHR. Some
systems strip out file attachments all together. This hinders
communication between providers, especialy in a medical
neighborhood where the patient sees multiple providers using
disparate EHRs. Similarly, variable EHR adoption of clinical
photography services, transport standards, support of
attachments, and inconsistent provider documentation practices
complicates the rel ease of imagesto patients.

Development of Recommendations

To formulate the following outlined recommendations, wefirst
reviewed prior publications on medical photography. In our
review of the literature, we extracted key themes surrounding
the challenges in medical photography. Afterward, we
enumerated the key aspects for an integrated approach to
medical photography based upon both review of the literature
and our experiences as medical practitioners working with the
EHR for patient care.

Five Key Steps for an Integrated
Approach to Medical Photography

To mitigate ongoing challenges and use medical photography
more efficiently, we propose that providersfollow these essential
steps.

Obtain Informed Consent

Prior to capturing any images, it is essential to obtain the
patient’s informed consent for photography if not aready
included in the patient’s consent for overall medical care. The
process should cover the purpose of clinical photos, access
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control, identity protection, and image storage. Imagesintended
for publication usually require a separate consent [3,11].

Prepare and Position

After informed consent, proper preparation and positioning are
necessary to obtain high quality photos and minimize any legal
risk. Use broad spectrum lighting to avoid shadowing and hot
spots. A solid background can improve contrast and prevent
artifacts. For image deidentification, move any recognizable
information out of the camera’s view to lessen risks for breach
of protected health information [11,12].

Capture Images

Once the area of interest is properly prepared and positioned,
verify the patient’s identity and proceed with image capture
with the following considerations: field of view (ie, center area
of interest), orientation (ie, cephalic orientation), focus (ie, focus
on area of interest with camera oriented perpendicular to
surface), resolution (ie, when relevant, use thelevel of resolution
that sharply depicts hair follicles or skin markings), scale (ie,
place physical scalein areaof image capture without obscuring
area of interest), and color calibration (ie, ensure that imaging
parameters allow for color comparison across images) [12].

Ensure Streamlined and Secur e | mage Stor age and
Documentation

After the images are taken, it is necessary to use a streamlined
image archival system linked with the EHR to display the
photographs. Ideally, the images should be securely saved
directly to the patient's electronic record from the device
capturing the image [11]. This is important because providers
can err when taking additional steps during image upload that
requires sel ecting the correct patient and encounter information.

Establish Image File Exchange Standar dsto Promote
I nteroperability

Standards around image file exchange are essential for both
provider-to-provider communication and image sharing with
patients. Provider-to-provider communication includes two
main settings. within the same health system and between
separate practices. Typically, image sharing in the same health
system is technically and operationally simple. However, for
provider communication in unrelated systems, one should
consider technical aspectsfor imagetransmission. Infrastructure
around national image exchanges between systems can draw
from examples within radiology and imaging data exchange
standards that have been developed for radiographic images
[13]. Additionaly, implementing transmission standards is
essential to ensure data transmission between a trusted and
verified sender and receiver for both providersand patients[14].

Conclusion and Outlook

Numerous areasin medicine can be enhanced through advances
in standardization, facilitation, and interoperability of EHR
photo documentation, from better tracking of clinical findings
over time to improvements in clinical care by improving
communication between providers, specialists, and patients. A
comprehensive and vast database of deidentified images could
allow for development and integration of machine learning
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algorithmsinto the EHR. Furthermore, deidentified imagescan  technological advancesin imaging, the possibilities of medical
support education of students, trainees, allied practice providers, photography to enhance both the patient and provider experience
nurses, and physicians aike. Ultimately, with increasing are endless.
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Abstract

In the 20th century, the models used to predict the motion of heavenly bodies did not match observation. Investigating this
incongruity led to the discovery of dark matter—the most abundant substance in the universe. In medicine, despite years of using
a data-hungry approach, our models have been limited in their ability to predict population health outcomes—that is, our
observations also do not meet our expectations. We believe this phenomenon represents medicine’s “ dark matter”— the features
which have atremendous effect on clinical outcomes that we cannot directly observe yet. Advancing the information science of
health care systems will thus require unique solutions and a humble approach that acknowledges its limitations. Dark matter

changed the way the scientific community understood the universe; what might medicine learn from what it cannot yet see?

(Interact J Med Res 2022;11(2):€37584)  doi:10.2196/37584
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Background

In this viewpoint paper, CR and his colleagues explore the
limitations of current health care data and call for an
acknowledgment of and action toward a more inclusive data
environment.

In the early 20th century, the scientific community faced a
mystifying conundrum: despite the continued growth of
observational data from the most advanced measurement
equipment of thetime, it appeared that the mass of every visible
star in the universe was not enough to keep galaxies from
drifting apart. Real-world observationswere not congruouswith
the predicted outcomes of Einstein’'s Theory of Generd
Relativity. Given that galaxies were indeed not spraying their
contents across the universe but rather maintaining their place
in space, something that could not be seen must have been
exerting a tremendous force on the system. Now in the 21st
century, the medical community faces a similar problem—a

https://www.i-jmr.org/2022/2/e37584

RenderX

disconnect between data and outcomes. How will we uncover
and address medicine’s “dark matter”? We must quantify what
we are currently missing, broaden our perspective, and
acknowledge our limitations.

It took a complete paradigm shift to bridge the gap between
theory and observation for astrophysicists. In the 1970s, Vera
Rubin and W. Kent Ford confirmed that there must be a mass
at the center of galaxies that we simply cannot directly observe
yet. Its existence could be inferred only by how it affected the
entirety of the system. It was called “dark matter” because it
did not lend itself to measurement, although it paradoxically
makes up the vast mgjority of our universe and determines the
very nature and future of our world [1].

The Limits of Health Care Data

In the early 2000s, the Institute of Medicine noted that asimilar
chasm existed between the theoretical health care quality
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expected for our communities and the quality they actually
observed. It was believed that to solve this problem, more and
better health care data were needed to make more accurate
predictions and provide higher quality care. Thus, since the
Health Information Technology for Economic and Clinical
Health Act’'s enactment in 2009, the digital health landscape
has grown rapidly under thisassumption [2,3]. More health care
data are being produced daily than ever before. Genetic test
results, physiologic monitors, cell phone data, socia media
posts, and web searches are being incorporated into predictive
algorithms.

However, if improved quality of care is the measure by which
we guarantee the success of our predictions, we have little to
show for our efforts [4]. Health care costs in the United States
continue to increase relative to other high-income nations with
minimal return on improved health care outcomes [5]. Life
expectancy has remained essentially unchanged for a decade
(it was actually decreasing in the United States, even before the
COVID-19 pandemic) [6]. Models till fail to accurately predict
health care patterns for the American population. A chasm
remains between our observations and the benefits we expect
from advancesin health care data.

Astronomy and medicine both suffer from detection bias [7].
Researchers disproportionately value features that we can
perceive and undervalue the effects we do not directly detect
or understand. We have a natural preference to believe that the
world we observeisthe wholetruth, and we exhibit little ability
to think in terms of missing information. Just as the tel escopes
and radio receivers of astronomy were designed and used to
more accurately observe the small fraction of already known
entities in the universe, so too do the electronic health record,
genomic segquencing machinery, and extant digital health tools
make accessible data from the patient populations on which we
have aready focused the most resources [8,9]. The rest is
medicine's dark matter.

That Which We Cannot See

Currently, even our largest clinical data sets contain information
on only a portion of the population [8]. However, we expect
data collected from this small subset to determine the course
and future of our health care establishment. Gender imbal ances
and the underrepresentation of systematically oppressed and
marginalized populations belie some of the most impactful
limitations of medical data[10]. These populationsrarely make
it into our observations and cal culations, not because they lack
the need, but rather because the medical community has rarely
effectively engaged them. Therefore, aswe haverarely |ooked,
we cannot see the whole truth.

The data we are missing is a reflection of our priorities.
Resources for and attention to identifying and investigating
even important conditions such as maternal mortality have been
insufficient. Data collection varies by state, and reported
statisticsareincomplete[11]. Similarly, we have not prioritized
diversity in clinical trials, which have historically excluded
members of marginalized racial and ethnic groups [12]. The
federal government acknowledged this lacuna and mandated
improved representation in trial sthrough the National Institutes
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of Health Revitalization Act of 1993. Nevertheless, racial and
ethnic diversity among clinical trial participants remains low
to thisday [13]. Thislack of representation limits not only the
generalizability of results from clinical trials but also the
potential impact of new treatments on health care quality,
especialy for vulnerable populations [14].

The COVID-19 pandemic has blatantly demonstrated this point.
The health outcomes of the peoplewe account for the least—the
people who cannot, do not, or rarely interface with the health
care enterprise—are often those at the greatest risk for poor
outcomes.

Addressing “Dark Matter”

Quantifying What IsMissing

One solution seemsto liein making the invisible visible. If we
can simply acquire the data we are missing, catalog it, and add
it to our models, then we might begin to reap the benefits we
expect. However, this logic is flawed [15]. If we believe that
more representational data sets are a solution to this missing
information, we must first address how we gain insights from
communities who may adready have concerns of
over-surveillance or otherwise problematic visibility. As we
have seen from policies such as “stop-and-frisk,” increased
observations may not improve outcomes but rather worsen
digparitiesand limit the equitable distribution of resources across
communities [16]. Despite the rapid growth of artificial
intelligence and its requisite data-hungry approach in health
care, little attention is being given to the way data sets are
collected and how this might affect the performance of the
systems built upon them [17].

Even when medicine has attempted to account for these unseen
populations, the proxies we use to represent complicated
phenomena can be misunderstood and inappropriately related
to the phenomena they approximate. This is evident in the
conflation of race with racism asrisk factorsin medical research.
Furthermore, in “Towards a Criticd Race Methodology in
Algorithmic Fairness,” the authors warn that “the creation of
metrics and indicatorswhich arerace-likewill still beinterpreted
as race” [18], which is to say that even as we move toward
broadening our attention to those consistently left out, we must
carefully consider how they are represented in dataand, just as
importantly, what our modeling techniques may not be able to
represent about them.

Similarly, our approaches to data analysis can become barriers
to better understanding. To be usable in predictive modeling,
datamust be quantified. Quantifying information can both allow
large magnitudes of datato be efficiently processed as well as
obscure the challenges underlying attempts toward the robust
numerical representation of complex social processes.
Classification schema may valorize certain points of view over
others [19]—that is, the application of classification schema,
such as census categories, can lead to trusting their validity in
contexts where they may not actualy be valid. This limits our
attention to popular or dominant ways of categorizing data. For
example, analyzing historical health outcomes of people who
identify as both Black and Latino is greatly hindered or even
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made impossible by data collection standards that treat those
categories as mutually exclusive [20].

A good place to start might be by acknowledging what we have
and what is missing. Big data sets, many of which are open
source, are often used to extract knowledge or train predictive
models. The aim is usualy to use them to improve patient
outcomes, but the data they are made from are rarely assessed
for generalizability or relation to the particular community of
interest. Instead of blindly using them, we might explore the
nature of their data and compare it to our communities. This
exercise may in itself improve the knowledge of how well
systems relate to each other—an internal/external audit for
validity. To aid this effort, the data sets we use (and reuse)
should be accompanied by robust documentation such as
datasheets, which serve asakind of nutrition label for data sets
while also documenting their motivation and intended uses[21].
By catal oging the provenance of data, we can more easily assess
what—and who—is missing.

Broadening Our Per spective

With this acknowledgment of what is missing, we must then
design mechanisms to solve the problem. Although more data
alone will not likely solve the problem, perhaps a broader
spectrum of measures can offer some short-term hope. We must
begin to move beyond traditional clinical measures such as
mortality, vital signs, age, or family history and include more
sociocultural and even environmental data [22-24]. We now
know that therisk of developing somediseasesisas, if not more,
reliant on an individual’s socia environment rather than their
genetic heritability, and yet these social determinants of health
are extremely poorly captured in large data sets [25]. Perhaps
there are other unknowns that we have yet to consider?

Engaging with members of the communities we seek to serve
might also allow usto begin to see what we otherwise may not.
Aninadequately diverse representation in the medical profession
isitself abarrier to patients perceiving that their own interests
lie at the heart of medical research [26]. However, community
members, regardless of their tiesto the medical field, maintain
important perspective and expertise on the questions and
solutions that should be prioritized. A community-based
participatory research model might help us to co-construct
knowledge and build trust with communities.

Not only are these factors important independently, but they
have also been proven to make the data we do have more
accurate by their inclusion and relation to the outcomes of
interest that both patients and providers alike care about, such
as identifying genetic polymorphisms or predicting painful
lesions from diagnostic imaging [27,28]. Similar to how
binocular tel escopes added depth and dimensionality to celestia
images, additional perspectivesto health care datamight actually
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improve our ability to understand the realities of our patients
experience.

Acknowledging Our Limitations

It is possible that the solution will not lie in the data itself.
Astrophysicists still cannot directly measure dark matter but
that does not prevent almost every physicist fromvaluing it and
assessing itsimpact on our world. Rather, it wasthe recognition
and awareness of the biases and limitations of perception that
allowed scientiststo begin to account for dark matter’simmense
volume and strength. When they humbled themselves to the
limitations of their data, they gained insight and perspective
into an even grander, more complex universe.

Here again, we might learn from our astrophysics colleagues
by investigating the incongruities between model and
observation. Although most studies simply impute for the
missing data, perhapswe might pay more attention to why those
data are missing in the first place. When the scientific
community asked, “why can we not seedark matter?’ the answer
led to a better understanding of measurement devices and new
knowledge of the effects of subatomic particles. In medicine,
when we asked questions such as “why are communities of
color lesslikely to be represented in genetic studies?” wefound
answers such as limited access to enrollment and mistrust in
themedical community, which have solutionsthat are not smply
related to data acquisition [29].

It was Albert Einstein himself who set the example for the
scientific community, saying “We cannot solve our problems
with the same thinking we used when we created them.”
Medicine suffers from the expectation that it can find answers
if only there were more data, more time, or more support.
Perhapsafar moreimpactful approach would beto acknowledge
the limitations of what we know and how we have come to
know it and shift our focus from oversampling immense data
from the patients within view and humble ourselves to reach
the patients who do not come through our doors. The first step
is for the medical community to look at our environment of
care—our universe—through acritical lens, understanding that
there is far more out there than what we have already seen.

Key Messages

Despite decades of dedication to data collection, health care
models continue to poorly predict real-world behaviors
accurately. This may result from the fact that even the largest
data sets only collect information from a fraction of the
population, leaving large swaths of the population unrepresented
and further limiting progress on health care quality. Solving
thisproblem will require the acknowledgment of what ismissing
from health care data sets so that we can improve health care
outcomes for all.
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Abstract

A scientific paradigm consists of aset of shared rules, beliefs, values, methods, and instruments for addressing scientific problems.
Currently, health care embraces the paradigm of evidence-based health care (EBH). This paradigm prompts health careinstitutions
to base decisions on the best available evidence, which is commonly generated in large-scale randomized controlled trials. We
illustrate the application of EBH viathe evaluation of drugs. We show how EBH is challenged when it is applied to the evaluation
of digital therapeutics, which refersto technology and datato prevent, manage, or treat amedical disorder or disease. We conclude
that amid the growing application of digital therapeutics, the paradigm of EBH is challenged in four domains: population,
intervention, comparison, outcome. In the second part of this viewpoint, we argue for a paradigm shift in health care so we can
optimally evaluate and implement digital therapeutics, and we sketch out the contours of this novel paradigm. We address the
need for considering design in health care and evaluation processes, studying user values so that health care can move from a
focus on health to well-being, focusing on individual experiences rather than the average, addressing the need for evaluation in
authentic use contexts, and stressing the need for continuous evaluation of the dynamic relations between users, context, and
digital therapeutics. We conclude that the transition from EBH toward evidence-based well-being would improve the successful
implementation of digital technologiesin health care.

(Interact J Med Res 2022;11(2):€39323) doi:10.2196/39323

KEYWORDS
digital therapeutics; digital health; paradigm shift; paradigm; health policy; health care; evidence; evidence-based; decision-making;
challenges; implementation; well-being; digital; technology

care accessibility via remote care delivery, and democratize

Introduction

Digital health refers to all “technology and data that inform
medical practice and improve health” [1]. In recent years,
investments in digital health have soared. In 2019, the global
digital health market was already worth about US $175 hillion,
and it is expected to reach US $660 billion in 2025 [2]. Such
investments are justified by the promises of digital health to
improvethe quality and efficiency of heath care, increase health

https://www.i-jmr.org/2022/2/e39323

health care for large populations [3]. Also, the World Health
Organization (WHO) believes that digital health will help
achieve the 17 Sustainable Development Goals [4]. However,
given the promising benefits of digital health, it is remarkable
that, currently, only a minority of digital health technologies
are implemented successfully in health care. Indeed, some
authors claim that as many as 98% of all digital health start-ups
fail [5]. Not meeting the needs and values of usersisidentified
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asone of themajor reasonsfor the unsuccessful implementation
of digital health [6].

Digital health can be classified into various categories.
Following a recent categorization by the US Food and Drug
Administration and the nonprofit association Digital
Therapeutics Alliance, in this paper we particularly addressthe
category “digital therapeutics’ [7,8]. Digital therapeuticsrefers
to al digital health interventions that are employed to prevent,
manage, or treat a medical disorder or disease [7,8]. Many
digital therapeutics are employed today. Examples are maobile
apps for health tracking, medication adherence, or monitoring
of blood glucose values[9-11]. In addition, virtual reality (VR)
and other forms of serious gaming can be considered digital
therapeutics when applied as a means for, among other things,
pain distraction, pain therapy, or rehabilitation [4,12,13].
Another important area of digital therapeuticsrelatesto artificial
intelligence models to assess, for example, abnormal patient
behavior, malignant melanoma, or wounds[14-16]. In all cases,
patients or heath care providers are interacting with
evidence-based digital technologiesto improve patients' health

(8].

We explain in this viewpoint why the current health care
landscape, which we will call the “evidence-based health care
paradigm,” does not allow for digital therapeutics to meet user
needs and values and, consequently, does not reach successful
implementation. Building on our experiences as researchersin
digital health, we call for a paradigm shift in health care and
sketch out afuture paradigm that woul d enable more successful
evaluation and, consequently, implementation of digital
therapeutics.

The Current Paradigm in Health Care:
Evidence-Based Health Care

Paradigm

The theory of paradigms by Thomas Kuhn provides a
framework for understanding the context in which digital
therapeutics are implemented today [17]. In the 1960s, Kuhn
published his book, The Structure of Scientific Revolutions, in
which he argued that science is not continuously progressing
but consists of a set of alternating periods of “normal” science
when scientists adhere to ashared set of rules and values. They
share what problems are worthy of investigation and what
instruments and methods are appropriate for solving problems.
Kuhn termed this a paradigm [18]. At a certain point in time,
periods of normal science become challenged by anomalies:
new phenomena, ideas, or novel methodologies that are
incompatible with the current paradigm. This can result in a
crisis, which is only solved when a novel paradigm is found
that can accommodate such anomalies. A scientific revolution
occurs when this novel paradigm is adopted—a process called
a paradigm shift [17,18]. We will build on Kuhn’s theory to
illustrate why hedlth care is in a digital hedth crisis and
emphasize the need for a paradigm shift to solve the crisis.

Implementation of digital therapeutics generally takes placein
the broadly adopted paradigm of evidence-based health care
(EBH) or, as it is aso termed, evidence-based medicine and
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evidence-based practice. EBH was developed around 1980 in
response to the poor quality of care and high health care costs
in the United States [19]. Before its establishment,
decision-making was broadly based on expert experience and
judgment. EBH aimed to increase the safety, cost-effectiveness,
and efficacy of health care while creating an accurate and
reliable system for decision-making based on evidence. A typica
EBH design and evaluation process was established that
particularly guided the development and evaluation of drugs.
The process consists of five phases. During phase 1—discovery
and development—a new drug is developed in the laboratory.
The safety of the drug is tested in phase 2 during preclinical
research in laboratory settings. In phase 3, the drug istested for
efficacy via clinical research in people. The drug is reviewed
for market approval in phase 4. Phase 5 relates to postmarket
safety monitoring of the drug [20]. The collection of evidence
is key to these phases of design and evaluation. Evidence is
collected, analyzed, and used to inform implementation
decisions[21]. Evidence is collected via scientific studies. All
studies follow a hierarchy of evidence levels, with the
highest-quality evidence created via the systematic review of
randomized controlled trials (RCTs). One level lower includes
evidence created by RCTs. In an RCT, two or more substantial
patient groups are subjected to similar conditions. Only one
condition, the intervention, varies. Patients are randomly
assigned to one of the groups—ideally blind—to prevent placebo
effects. The RCT results in insight into the efficacy of the
intervention within the defined patient population. Following
the RCT in the evidence tree is evidence from cohort studies,
followed by case studies and, finally, expert opinions[22]. The
latter three forms of scientific research are rarely considered in
health care. Ideally, al evidence in EBH would result from
RCTs and their systematic reviews. To guarantee that an RCT
generates trustworthy results, studies are standardized by the
PICO (population, intervention, comparison, outcome) model
[23]. Thismodel prescribes defining the patient or population,
intervention, control group, and outcome at the onset of the
study.

Today, the need for evaluation results in the tendency to apply
the whole EBH pathway—from development and early testing
to national implementation—to digital therapeutics [24]. Yet,
where this pathway might work for the development and
evaluation of drugs, it is not optimal for digital therapeutics.
This has been acknowledged before by severa authors who
provided suggestions on how to evaluate digital therapeutics as
part of EBH. Guidelines, for example, exist on the type of
research questionsto address[25] and the methods of reporting
RCTsof digital therapeutics[26]. Also, the WHO has suggested
studying acceptability, feasibility, resource use, and gender,
equity, and human rights in addition to clinical effectiveness
[27]. Nonethel ess, even with these guidelines, the gold standard
of EBH cannot provide the desired outcomes for achieving a
successful evaluation of digital therapeutics resulting in
technology meeting the needs and values of all its users. Based
on the traditional PICO model of RCTs, we explain below the
differences between traditional drug research and digital
therapeutics research, and we continue to show why clinical
research into the added value of digital therapeutics requires a
novel paradigm. Thereby, we do not argue that digital
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therapeutics do not require evaluation—a view that is termed
as “digital exceptionalism” [28]—but we argue that other
methods of evaluation are required to understand the added
value of technology. For simplicity, we present our arguments
as if traditiona drug research and research into digital
therapeutics are poles. In redlity, traditional health is also
challenging the strict application of EBH, but thisisbeyond the
scope of this viewpoint [22,29,30].

Population

The first element of the PICO model traditionally refers to
“population” or “patient” A specific group of patients is
identified and studied to evaluate the effectiveness of an
intervention. In the evaluation of drugs, the patient population
is delimited by a specific medical condition and a specific age
group. In digital therapeutics, however, it is generally more
difficult to identify one group of patients. Digital therapeutics,
for example, might be developed for one medical condition in
many age groups (eg, serious gaming for rehabilitation) or for
many medical conditions in only one age group (eg, a VR
playground for children). It could apply to the entire population
(eg, apersona online health tracking app), and it extends beyond
disease only (eg, wellness apps focused on the prevention of
disease).

Even more challenging than identifying the right patient
population is engaging patients in the study. Evaluating digital
therapeutics typically involves a time- and effort-intense
interaction with atechnology that drug research does not require.
The health condition of patients could prohibit them from
spending time and effort on thisinteraction, which complicates
research [31,32]. As a consequence, today, the involvement of
patients in digital therapeutic evaluation often seems to be
tokenistic. Typically, only afew users are involved, generating
the appearance of diversity and inclusiveness, while many users
are left out of the study’s scope or are out of reach [33]. The
result? A misalignment between design and the needs and values
of al users[6]. To conclude, digital therapeutics challenge the
“P” inthe PICO model.

Intervention

We again consider the “intervention” in traditional health care
to refer to drug development and its preclinical and clinical
evaluation. Phase 1 of drug development startsin thelaboratory
and followstherules of EBH. Once adrug isdeveloped, aphase
of preclinical evaluation starts, in which the safety effects of
the drug aretested in vitro (ie, research in cells) and in vivo (ie,
research in animals). The process continues with a clinical
evaluation, in which the effects of the drug on the human body
are evaluated [20]. A different process is required for digital
therapeutics. A digital therapeutic is developed by a team of
designers and engineersthat conform to different rules, methods,
and proceduresthan those that are known in the EBH paradigm.
Design processes, for example, are less structured, rely on
qualitative input, and generally do not require evidence for
decision-making [24,34]. In addition, designers cannot conduct
in vitro evaluation tests but rather they must involve humans
directly. Phase 2 of the development pathway is thereby in its
current form impossible to conduct. Multiple phases of design
and evaluation with users are necessary to design aproduct that
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meets user needs. This challengesthe current way of evaluating
interventions. Consider the example of a VR treatment for
chronic pain [35]. First, the current EBH paradigm does not
allow for an iterative development and evaluation cycle, while
the VR treatment would benefit from cocreation with users.
Evaluation with usersleadsto novel designinsightsto improve
the design, after which a new evaluation cycle should follow
[28]. The three typical linear phases of EBH—development,
preclinical research, and clinical research—do not support an
efficient digital therapeutics design and evaluation process.
Second, atypical evaluation study might take months or even
yearsto conduct, with an occasional exception, such as the fast
development of vaccines during the COVID-19 pandemic.
Digital therapeutics (ie, VR technology) evolves at such afast
pacethat an EBH evaluation process only delays progress. With
the fast advancements in VR technology, evaluation outcomes
might already be outdated once the study ends [24]. Various
alternatives have been proposed to RCTs that better meet the
needs of digital therapeutic development. For example, a
multi phase optimization strategy applied to the RCT allowsfor
adapting of the design during the eval uation process[36]. Also,
methods exist to evaluate the principle of a solution rather than
the specific technology itself, solving issues of rapid technology
advancement [37]. Unfortunately, these novel methods have
not been adopted widely [38,39]. To conclude, traditional design
and evaluation procedures of EBH do not align with a digital
therapeutic as an intervention.

Comparison

A control group is typically identified in phase 3 of drug
research. A comparison of the average results of alarge control
group with the average results of a large intervention group
should show an intervention’s relative effectiveness. Ideally,
group alocation is blind to prevent placebo effects. A digital
therapeutic questions such an approach on three of its core
features: identification of a control group, the placebo effect,
and the mean.

First, the creation of a reliable control group in digital
therapeuticsischallenging [40]. Consider, for example, children
with cerebral pal sy using atherapeutic digital gamefor training
fine motor skills. These children can be compared with children
not using the digital therapeutic solution. These nonusers could
include children not receiving any training, although that is
generaly considered unethical. Nonusers could also refer to
children receiving standard training or children receiving the
digital interventionin anondigital way. Related to the example,
this would mean that children receive similar exercisesthat are
then visualized in real life, which would make for a poor
comparison. Further, a possible control group could include
children receiving the training via television, a lower-tech
solution. Finally, an interesting control group includes children
using a sham placebo to which children using the digital game
are compared; the control group children would be using the
samedigital game without the therapeutic effect and educational
lessons in it [41]. Unfortunately, the development of such a
sham placebo isexpensive. The study outcomes depend on what
type of control group is considered, which could challenge the
validity of the study.
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Second, dealing with placebo effects differs in digital
therapeutics. A placebo effect refersto the positive effect of an
intervention on a person’s health, not because the intervention
has an objective biological effect but because of the subjective
psychological effect of a patient believing in the intervention
[42]. In the third phase of drug research, the placebo effect is
commonly eliminated through blind group allocation to
distinguish the objective from the subjective outcomes [43].
Consequently, during implementation in phase 5, cliniciansadd
the placebo effect to the objective biological effect for an
optimal therapeutic outcome. In digital therapeutics research,
blind group allocation is difficult when not making use of sham
interventions. In addition, the distinction between objective
outcomes and subjective placebo experiences is difficult to
make. Digital therapeuticstypically aim at subjective outcomes,
such as self-management [44], which challenges the ability to
make adistinction between thereal effect of adigital therapeutic
and its placebo effect [45]. This ultimately challenges the
prescription of digital therapeutics, and no consensus exists on
the ethical acceptability of prescribing interventions solely based
ontheir placebo effect [46]. Digital therapeutics could, therefore,
provide anovel perspectiveto thisethical debate by challenging
the traditional role of placebo in health care.

Finally, the comparison of the mean of two groupsis critical in
digital therapeutics. Whereas such comparison providesinsight
into the efficacy of a certain drug, it will not generate the
detailed insights that a digital therapeutic requires. In digital
therapeutics, the outliers and experiences matter. Consider two
patients: patient 1 benefits from using VR for chronic pain
whereas patient 2 does not, asthis patient needs more technical
support for optimal use. The average is a mediocre outcome.
The conclusion? The VR treatment is not proven efficacious.
It worked for patient 1, and it might have worked for patient 2
once this patient had received additional support. Many
individual preferences affect the use of digital therapeutics (eg,
the reasons for use, the “dosing of use” [ie, one person might
benefit from intense use whereas another desires sporadic use],
and the necessary support in use). This requires a move from
general outcomes to individual experiences. Promising
alternatives to the RCT already exist but are not commonly
used. One exampleisthe single-case experimental design, which
prescribes studying individual experiences over alonger period
while manipulating the treatment [47]. To conclude, the
traditional way of using a control group to evaluate an
intervention’s effectiveness does not align with the practical
reality of evaluating digital therapeutics.

Outcome

EBH mostly considersthe so-called “hard impacts’ of astudied
intervention as major evidence. Hard impacts are quantitative
outcome measures [48]. Examples of outcomesin drug research
include the ability to cure disease and cost-effectiveness. These
outcomes are identified at the design phase of the study.
Improvement of these outcomes justifies implementation.
Although a focus on hard impacts was needed to improve the
quality of health care two decades ago [49], solely considering
hard impactsin digital therapeutics resultsin missing important
insights required to implement them successfully. EBH has
been criticized for its overemphasis on cost-effective
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decision-making [50,51]. So-called “soft impacts’ [48], such
as social, ethical, and psychological outcomes, are rarely
considered. These are particularly important in the context of
digital therapeutics asthey provide valuable information on the
alignment of adesign with users needsand values[24]. Authors
have already stressed the importance of considering these soft
impacts in the evaluation of digital therapeutics. Michie et al
[52], for example, addressed the need for considering the ethics
of digital therapeutics. Maramba et a [53] called for the
application of qualitative methods in the evaluation of digital
therapeutics. The WHO hasrecently addressed the need to study
user behavior, knowledge, attitude, acceptability, and feasibility
[27,54]. Also, concepts such as patient-reported outcome
measures and patient-reported experience measures have been
introduced to health care [55]. Nonetheless, research practice
and reimbursement of digital therapeutics continue to value
hard outcomes over soft ones [38,39]. The current paradigm
does not motivate studying soft impacts, asthese are considered
to be low-quality sources of evidence [22]. In addition, these
soft impacts cannot always beidentified before the study, which
challenges the traditional way of evaluating in EBH. Solely
focusing on hard outcomes results in the unsuccessful
implementation and reimbursement of many valuable digital
therapeutics.

In addition to missing important insights required for the
successful implementation of digital therapeutics, the narrow
focus on hard outcomes in health care prevents the definition
of “health” from moving beyond the “absence of disease or
infirmity” [56,57]. Thisdefinitionisalso referred to as* negative
health.” Several initiatives have aimed to redefine health within
the domain of health caretoward “ positive health” that considers
it as“well-being” and aspiresto individual flourishing [58-61].
Adoption of positive health remains low [62], but it would do
more justice to the opportunities of digital therapeutics to
encourage self-management and a healthy lifestyle. A larger
focus on soft outcomesin digital therapeuticswould, therefore,
not only improve the implementation of digital technologies
but would al so enable health care to moveitsfocus from health
to well-being [63].

Context

A digital therapeutic isnot adrug that can be administered with
a prescription. It needs support structures and logistics and it
requires education and behavior change in patients, care
professionals, and other actors involved. For example, the real
effect of VR on chronic pain can only be measured reliably
when VR isimplemented as part of apain treatment offered by
a medical doctor, supported by logistical and technical
structures, and properly used by patients. Namely, it isnot only
the VR technol ogy but the whol e health care service supporting
it that should lead to effective pain treatment. Thisway, adigital
therapeutic can be seen as a socia intervention. All actors,
existing health care procedures, and the time of use should be
closely addressed for successful implementation. We, therefore,
introduce “context” as a novel element of the PICO model
(PICCO). Numerous authors have underlined the importance
of considering the context of digital therapeutics. Shaw et al
[64], for example, addressed the importance of studying the
health care team and its current routines. Lehoux and Blume
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[65] illustrated theimportance of considering the sociopolitical
context of digital health by identifying all peopleinvolved with
thedigital health solution, the power dynamics between people,
the resources necessary to implement digital health, and the
knowledge necessary to useit. Likewise, Reuzel et a [66] called
for a study of the social context of technology from a “social
shaping” perspective for understanding how technology affects
the norms and values of the various users. With the importance
of context, thereisalso aneed for another order of devel opment
phases. Instead of evaluation preceding implementation, digital
therapeutics requireimplementation to precedefinal evaluation
[67]. Hence, the added value of a digital therapeutic can only
be reliably measured when the technology isimplemented and
has become part of standard care. This is problematic as
implementation decisionsin EBH are currently made based on
evaluation outcomes. Despite all frequent requests, spatial and
temporal complexities of digital therapeutics are rarely
addressed, as the PICO model currently does not allow for
consideration of this context [6,34,68].

A Novel Paradigm for Digital
Therapeutics: Evidence-Based Well-being

From Health to Well-being

Digital therapeutics are creating anomalies in the paradigm of
EBH. The PICCO formulation above clearly indicates what
anomalies occur when applying EBH to digital therapeutics. A
novel transdisciplinary paradigm is required that enables
studying the added value of digital therapeuticsin health care.
Below, we attempt to outline five elements to which a novel
digital therapeutics paradigm should adhere. We explain that
the full potential of digital therapeuticsis only reached when a
transition is made from health (ie, the absence of disease or
infirmity) to well-being (ie, a state of persons that designates
that they are happy or flourishing and that their life is going
well for them) [56,57,69]. We, therefore, name the paradigm
“evidence-based well-being.” Rather than disregarding clinical
research entirely in health care, this novel paradigm focuses on
user experiences of well-being as reliable sources of best
available evidencefor designing, evaluating, and implementing
digital therapeuticsin addition to the more objective evaluations
of better health, security, safety, and cost-effectiveness.

Consider Design in Evaluation

Digital therapeuticsintroduce anovel disciplineinto thedomain
of health care: design. The framework of evidence-based design
was established to bridge gaps between health care and design
by embedding scientific evaluation in design processes [70].
Thisframework considersan interdisciplinary approach to health
care design by adopting principles of EBH in design [71].
Instead, we aim for atransdisciplinary approach in which design
and health care form a novel paradigm without forcing one
culture onto the other. This requires moving away from the
linear processes of design preceding evaluation [72]. Instead,
an iterative process should be established in which health care
practitioners and designers constantly collaborate and set up
multiple design and evaluation phases. Today, health care
generaly questions the “yes’ or “no” regarding the
implementation of digital therapeutics, but a more effective
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collaboration would explore how digital therapeutics can
optimally benefit health care [36,37,73].

Consider Values

Digital therapeutics provide many opportunities to positively
affect the well-being of patients. Technology can, for example,
enable patients to control their health, improve their social
relations, and facilitate participation in daily life [35]. Soft
outcomes should receive more appreciation to encourage health
caretolook beyond health and toward well-being. To encourage
the adoption of soft outcomes as a source of reliable evidence,
evaluation could focus on measuring “values.” These relate to
everything that people consider important in lifeand can include
both moral and nonmoral values [74]. But this focus on values
should not be confused with the increasingly popular health
care delivery model of value-based health care (VBH), which
aims to measure health outcomes against the costs of health
care delivery [75]. Whereas VBH thereby mainly considers
economic value, we call for an improvement in individual
values, such as autonomy, safety, and privacy. A values-based
focus supportstheinclusion of awide variety of soft, delimited
outcomes without needing to identify these before the onset of
the study. Multiple tools already exist to design and evaluate
for valuesin digital health, which facilitates the adoption of this
viewpoint [76,77]. By adopting a values-based focus, health
care could shift from hedth to well-being, and digital
therapeutics can reach their full potential.

Consider Individual Experiences

Digital therapeutics require adifferent evaluation methodology
than solely considering the RCTs valued by EBH. There is a
need for a move beyond the average result of a large group
toward an evaluation of awide variety of individual experiences,
while preventing cherry-picking [47]. Obtaining insight into
individual experiences enables the personalization of digital
therapeutics (eg, its user interface or user experience design and
service implementation), which is a key factor in improving
adherence and engagement [78]. Not only should health care
researchers value such individual experiencesand personalized
technology, but health care insurance and investors should also
share the value of experience to optimally support and
implement digital therapeutics.

Consider the Authentic Context of Use

Digital therapeutics only work when they are part of a
supporting health care service. As a result, a design process
should not be restricted to the technology. Instead, it should
consider designing the complete service that the technology is
part of. Thisincludes designing, among other things, interactions
between patients and health care professional s, communication
linesfor expectation management of patients, digital therapeutics
distribution lines, and technical support lines. During evaluation,
the full service needsto be assessed and optimized. Design and
evaluation, therefore, should take place in the authentic context
of use. The added benefit of studying technology inthe authentic
use context is that it facilitates user involvement. User
involvement requires adjusting the research tool toward the
abilitiesand time of the varioususers[79]. Observation of users

lived experiences (ie, empirical understanding of action and
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perception in daily context) is an accessible way to involve
users in the process [80,81]. Facilitating users to make use of
digital therapeutics in their daily lives enables them to spend
time on the interaction, without being burdened too much by
the research objectives. Such observations provide insight into
users preferences for digital therapeutics (eg, the ideal time
and location of use, frequency of use, and support in use) and
enable users to provide recommendations for the design of the
solution along the way.

Consider Dynamism

Once atechnology isimplemented, it might restructure current
practicesand relations. Digital therapeutics could, for example,
affect how patients experiencetheir health, the workload of care
providers, and the relationship between care providers and
patients [82,83]. Furthermore, what users considered to be
important might change once digita technologiesareintroduced
(ie, vdluemediation) [84]. A digital therapeutic formsadynamic
web of temporal and spatial relations and interactions. The
configuration of the web dictates what function the technology
fulfills. The same technology, for example, can be used for
prevention, monitoring, and recovery, depending on what
support services are established [85]. This requires a different
mindset for evaluation. It requires a study into the optimal
configuration of the web and a structural re-evaluation and
reordering once conditions change, long after initial
implementation [86].

Stimulating a Paradigm Shift

We have argued that the shift from EBH to evidence-based
well-being would benefit the design, evaluation, and
implementation of digital therapeutics. Yet, what can be done
to stimulate a paradigm shift to this novel paradigm? An
interesting view on stimulating change is the approach of
transition management [87]. The authors of this approach
illustrate how changes in complex systems, such as the current
EBH paradigm, can be accelerated. They stress the importance
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of niche creation, frontrunners, and diversity. Based on their
recommendations, we propose the following for stimulating a
transition in health care:

1. Allocate resources and attention to the creation of niches
of digital therapeutics research and implementation.

2. Give audience to, and be inspired by, visionaries within
digital therapeutics.

3. Stimulate novel ideasand approachesto digital therapeutics
in health care.

4. Establish physical spaces where designers and health care
providers work together on digital therapeuticsto enable a
transdisciplinary culture in health care innovation.

Conclusion

Amid the growing application of digital health technologies, it
istime for achange. In this viewpoint, we have shown that the
application of EBH to the clinical evaluation of digital
therapeutics is problematic. The current paradigm of EBH is
challenged by the introduction of digital therapeutics. Instead
of proposing a digital exceptionalism in which digital
therapeutics do not need to meet safety standards and clinical
efficacy, we have argued for the need for other sources of
evidence to inform the design and evaluation of digital
therapeutics prior to implementation. Instead of EBH, we
proposed the paradigm of evidence-based well-being. In this
paradigm, design and eval uation become transdisciplinary fields,
values areimportant outcome parameters, individual experiences
are amajor source of evidence, research is conducted in users
authentic context of use, and the dynamics between users,
context, and technology are constantly evaluated. In addition
to being valuable for digital health, these recommendations
might even inspire a novel approach to traditional health (ie,
drug research). The anomalies in our traditional scientific
paradigm are clear; it is time for a paradigm shift to
evidence-based well-being to optimally align digital therapeutics
with the needs and values of each user.
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Abstract

This viewpoint presents a 3-phase conceptual model of the process of user engagement with eHealth apps. We al so describe how
knowledge gleaned from psychosocial, behavioral, and cognitive science can be incorporated into this model to enhance user
engagement with an eHealth app in each phase of the engagement process.

(Interact J Med Res 2022;11(2):€38886) doi:10.2196/38886
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Introduction

Effective user engagement is essential for the success of eHealth
apps [1]. Yet, effective engagement with these apps remains a
persistent problem [2]. Engagement tendsto be highly variable
and inconsistent [2-6], leading to problems in retention, data
quality, and clinical impact [7,8]. Two factors may contribute
to suboptimal user engagement with an eHealth app. The first
isthat a health care app differs from an app such as TikTok or
Instagram. With TikTok and Instagram, the engagement systems
consist primarily of providing people with more of what they
already want [9]. In health care, people are asked to do things
that they do not necessarily want to do. Someone may be very
committed to losing weight but still want to eat cake. A person
may be committed to participating in a clinical trial for many
good reasons, but they may still not want to fill out a survey
when tired or distracted by competing interests. To date,
solutions to improve engagement have been offered but have
had limited success[10-12].

A second factor isthat sustained user engagement is a complex
process[10]. Historically, engagement was defined by avariety
of operational metrics; for example, the number of logins,
number of pages visited, and number of tasks or modules
completed [11]. However, these metrics do not capture or reflect

https://www.i-jmr.org/2022/2/e38886

RenderX

the actual experience of the user [10,12-14]. More recently, the
concept of engagement has been further differentiated from
interface design and user experience. These two fields of
knowledge contribute to the usability, ease, and pleasure of
interacting with a digita technology and are important
contributors to user engagement [15].

User engagement is characterized by attention, commitment,
and involvement [12,14]. O'Brien and Toms [16] define
engagement as “a quality of user experiences with technology
that is characterized by challenge, aesthetic and sensory appeal,
feedback, novelty, interactivity, perceived control and time,
awareness, motivation, interest, and affect.” The resulting
conceptual model of engagement di stinguishes different phases
of the engagement process:. “Upon a point of engagement, the
user initiates and sustains engagement in atask, he disengages,
and potentially reengages several times with the system” [16].
These phases offer targets for interventions and content to
enhance engagement and provide a useful structure for
organizing and sequencing engagement-enhancing design.

A Conceptual Model of Engagement

A conceptual model guiding the design and selection of
interventions integrated into an eHealth app is needed to
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optimize patient engagement. A report by the Standing
Committee for Psychology and Health and the E-Health
Taskforce of the European Federation of Psychologists
Associations stated, “Utilization of a theoretical design
framework in digital intervention planning cultivates and
maintains user engagement and motivation to adhere to the
intervention throughout its intended duration. Examining the
literature on digital interventions suggests that most digital
programs evaluated are not rooted in specific theoretical
frameworks’ [12]. A coherent, theory-based model drawsupon
established bodies of psychosocial, behavioral, and cognitive
scienceto enhance the process, depth, and consistency of patient
engagement with eHealth apps. This viewpoint describes and
illustratesamodel structured around 3 phases of the engagement
process: initiation, strengthening, and maintenance incorporating
knowledge from psychosocial, behavioral, and cognitive science.

Initiation of Engagement

Three components of initiation can be informed by the
af orementioned science: (1) design of the app’s user experience;
(2) decision and intent to participate; and (3) technical
competence, digital anxiety, and health literacy.

Design

An effective user interface design is essential for both inducing
participation and reducing barriers and friction points that can
impede participation. Through better design, the user experience
is enhanced and engagement is increased. The 5 Principles of
Intentional Design [17], Rogers 5 attributes of product
perception, and Rogers' 5-category model of adopter types and
innovation diffusion [18] are established bodies of psychosocial
knowledge that provide practical guidance for effective app
design.

Decision and I ntent to Participate

Thisisinformed by 3 relevant bodies of work—Prochaskaand
DiClemente's[19] transtheoretical model of Stages of Change,
Motivational Interviewing [20], and Hibbard et al’s[21] Patient
Activation Measure.

Technical Competence, Digital Anxiety, and Health
Literacy

Barbeite and Weiss' [22] model of digital anxiety and technical
self-efficacy directly informstheinitiation of engagement. This
model posits that the ability to competently use a digital app
has 2 aspects: (1) an actual technical competenceto operate the
digital app and its associated device and (2) a subjective sense
of anxiety, usually driven by the fear of making an app-disabling
mistake. From an information-processing perspective, the
negative feelings associated with high anxiety detract cognitive
resourcesfrom task performance. Similarly, health literacy—the
ability to understand the information that the app provides and
respond accurately and completely where required—should be
assessed and improved as needed. A large body of research
supports theimportance of adequate health literacy for effective
user engagement [23].

Strengthening of Engagement

After engagement has been initiated, 2 well-studied processes
can strengthen engagement: (1) the therapeutic aliance [24]
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and (2) behavioral conditioning to convert controlled processes
that reguire conscious thought to automatic processes [25].

A Digital Analog of the Therapeutic Alliance

The therapeutic alliance in psychotherapy is characterized by
arelationship that is collaborative in nature and characterized
by a positive affective bond between the patient and the therapist
[26]. It is further characterized by a relationship in which the
therapist and patient agree on the treatment’s goals and tasks
[27]. Establishing a positive therapeutic allianceis essential for
successful psychotherapy, even apart from the type of
psychotherapy or specific technical competence of the therapist
[28]. Fortunately, much is known about how to establish and
deepen such a therapeutic alliance [29-32]. Attention to these
alliance-forming and deepening factorsin the design and content
of the eHealth experience transforms the affective nature of the
patient’s experience, engages the patient as a collaborator, and
establishes clear agreement on the mutual and respective roles
and tasks of the patient and the eHealth system. Such a
relationship is a powerful motivator for the patient to remain
engaged.

Behavioral Conditioning and Automaticity

Thebasic principles of behavioral conditioning, including both
primary and secondary reinforcement to promote positive
engagement behaviors and to transform consciously directed
study-specific tasks into automatic habits, can be useful to
deepen engagement. Thistransformation relieves the patient of
cognitive burden and eases completion of study tasks. A
converging body of work offers complementary methods to
achieve this transformation, including habit theory [33-35],
dual-process theory, and an understanding of the neurobiology
of thistransformation [25].

M aintenance of Engagement

Some factors can interfere with a patient's continued
engagement with the eHealth app and result in missing tasks,
sporadic participation, or complete attrition. These include
boredom, fatigue, other demands of life, and other intercurrent
events[36]. Psychological and social science provides possible
remedies to help maintain engagement.

Stress Management

It has been demonstrated that intercurrent stress can interfere
with a previously successful level of patient engagement [37].
Basic activitiesfor stress self-management are well established
and can be accessed as needed through the study app [38].

Adherence Management

The literature on health care adherence offers common reasons
for nonadherence and describes interventions built to support
continued adherence [39]. This work is relevant to ways to
prevent attrition and retain engagement. For example, one
successful intervention is a continuous adherence-monitoring
system that identifies|apsesin task completion and notifiesthe
patient and treatment team of such lapses and of the opportunity
for situation-specific intervention [40,41]. Such a system
engages the patient at a point of possible diguncture and can
be readily implemented in an eHealth app.
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Nudge Theory

Nudge theory [42] provides an understanding of human choice
derived from behavioral economics and a demonstration of the
effect of the choice environment on the decisions an individual
makes. In thetechnology sphere, thisisreferred to asthe choice
architecture of the app design and its associated functions to
help guide auser to abeneficial choice. Embodiments of nudge
theory include recommender systems, reminder systems, and
motivational messaging [43].

Assessing the Model

This viewpoint proposes that each implementation of these
knowledge-based strategies be systematically tested to assess
itsindividual contribution toimproving user engagement before
being introduced into the final eHealth app design using a
standardized assessment such as O'Brien et a’s [44] User
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Engagement Scale Short Form questionnaire. For example, in
our own desk research work, we have developed a preliminary
modul e to assess hedlth literacy, and we have devel oped alibrary
of educational materialsthat can be provided as needed to help
the user achieve adequateliteracy to successfully useaparticular
eHealth app. We propose to test this module and each
subsequent module following the strategy described above
before incorporating it into the final app design. We then
propose to test an app with these enhancements against an app
without them.

Conclusion

This conceptual model draws upon an extensive body of
literature on behavioral, cognitive, and psychosocia science
with the aim of improving the extent, quality, and clinical impact
of user engagement with eHealth apps at each of the 3 major
phases of the engagement process.
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Abstract

The COVID-19 pandemic accel erated the use of remote patient monitoring in clinical practice or research for safety and emergency
reasons, justifying the need for innovative digital health solutions to monitor key parameters or symptoms related to COVID-19
or Long COVID. The use of voice-based technologies, and in particular vocal biomarkers, is a promising approach, voice being
arich, easy-to-collect medium with numerous potential applicationsfor health care, from diagnosisto monitoring. In thisviewpoint,
we provide an overview of the potential benefits and limitations of using voice to monitor COVID-19, Long COVID, and related
symptoms. We then describe an optimal pipeline to bring a vocal biomarker candidate from research to clinica practice and

discuss recommendations to achieve such aclinical implementation successfully.

(Interact J Med Res 2022;11(2):e40655) doi:10.2196/40655
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Introduction

Management of COVID-19 and Long COVID

Since February 2020, the COVID-19 pandemic has mobilized
the entire research, medical, and pharmaceutical community
for treatment and vaccine development as well as care and
disease management of patients with COVID-19. Many
countries adopted strategic measuresto fight the pandemic, such
as lockdowns, socia distancing, or contact tracing, to reduce
transmission [1]. In parallel, we observed rapid a devel opment
of digital toolsto support the health care system and an increased
use of telemedicine and teleconsultations. COVID-19 infection
iscaused by the SARS-CoV-2 virus and can take several forms,
from asymptomatic to moderate or severeillness. At the onset
of the illness, common symptoms are fever, cough, dyspnea,
myalgia fatigue, loss of taste or smell, and sometimes
gastrointestinal  symptoms. Complications include acute
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respiratory distress syndrome, anemia, or acute cardiac injury
[2].

After the acute phase, it has been estimated that up to 68% of
patients with COVID-19 will have persisting symptoms after
6 months, and 49% after ayear [3]. Long COVID syndromeis
defined as a set of symptoms persisting and fluctuating beyond
4 weeks after infection, leading to long-term support and care
needs [4]. Long COVID is multiorgan and can affect lungs,
heart, brain, kidney, and blood vessels. Long COVID also affects
cognitive functions and mental health with diverse symptoms
such ashbrainfog [5], confusion, memory deficiencies, and even
posttraumatic stress disorder [6]. The most frequently reported
symptoms are fatigue, abnormalities of smell and taste, anxiety,
sleeplessness, and dyspnea [4]. The severity of the acuteillness
seems not to be directly related to the development of Long
COVID, and many people with Long COVID did not return to
the same level of work and quality of life as before COVID-19
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infection [7]. The absence of treatment and the specificities of
Long COVID in terms of symptom types and fluctuation over
time justifies the need to develop solutions for objective and
qualitative symptom monitoring rapidly. As such, a panel of
experts from the National Ingtitute for Health and Care
Excellence recently recommended developing telemonitoring
and encouraging self-management of acute and Long COVID
symptomsin atailored and accessible way for each patient [8].
In particular, at-home self-monitoring is encouraged [9].

From Traditional to Enhanced Approaches of Patient
Monitoring

The medical care of patients in real-life situations has been
rapidly evolving since the pandemic started. Video or phone
consultations have largely replaced traditional visits to the
family doctor or speciaist and have shown the utility [10] of
these formats to follow up patients who are not able to travel
or are located in geographic regions lacking medical doctors.
In paralel, the use of medical devices for self-monitoring of
physiological parameters such as blood pressure or blood
glucose level has also increased. The next development step
would be to unify and standardize telemedicine solutions with
enhanced teleconsultations, including a real-time assessment
of key physiological parameters. This would optimize the
consultation time and enable a personalized follow-up with
increased communication between the health care professional's
and the patients.

Regarding clinical research, there was aready, before the
pandemic, a global trend toward completely remote,
decentralized clinical trials [11,12]. The pandemic has now
accelerated such digitization. Participant monitoring in clinical
trialsisprogressively moving away from apaper-based approach
(ie, paper informed consent, questionnaires, and medical
records) to fully remote or hybrid setups, where patients' visits
on-site and remote, ‘in-between visits, and follow-up inred-life
are combined. Digitization and decentralization of clinical trials
encompass three axes. digital participant recruitment and
retention, digital datacollection, and digital analytics[13], based
on electronic documents (eg, e-consent and electronic case
report forms), virtual study visits, and physica
self-measurements. Digital data collection facilitates and
standardizes data quality, whereas digital analytics using
artificial intelligence techniqueslike machine and deep learning
methods allow for deep phenotyping of participants.

Digital Technologiesfor the Clinical Management of
Patients With COVID-19

Technologies dready exist to facilitate remote patient
monitoring in clinical practice or research, such as electronic
patient-reported outcomes, sensors or devices to measure
physiological parameters a home (eg, Holter for
electrocardiograms, blood pressure, and heart rate), video-based
methods, or mobile phone—based remote symptom monitoring
systems|[14]. In the context of COVID-19, hundreds of contact
tracing mobile appsand artificia intelligence—based radiol ogical
technologiesto facilitate early detection of COVID-19 emerged
early during the pandemic [15]. In parallel, several digital
technol ogies have been devel oped to respond to different patient
needs, including diagnosis, prevention, treatment, adherence,
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lifestyle, or patient engagement [16]. For example, asmartwatch
application has been developed in Germany to help COVID-19
diagnosis based on a few vital signs [17], and 2 remote
monitoring systems—Telecare-COVID (based on phone calls)
and CareSimple-COVID (a telemonitoring app)—are used in
Canada and are well accepted by the users[18].

Voice assistants have also been identified as an innovative tool
for health care services in the context of a pandemic, as a tool
for health information exchange, for remote monitoring or to
maintain continuous care with teleconsultations [19].

Voiceisan easy-to-collect source of information, requiring less
time than completing a questionnaire, being noninvasive, and
inducing lessburden for patients or study participants. Thefirst
use of voice dates back to 2003 in clinical studies and health
care services with interactive voice response system [20], a
phone-based system mainly used for patient randomization.
Interactive voice response system was also used for symptom
monitoring by calling participants and encouraging them to
answer questions on their health status and in return, patients
could receive specific recommendations to manage their
treatment. However, voiceisin itself arich medium providing
information on health status and emotions, allowing for aricher
characterization of patients through the use of so-called vocal
biomarkers. This opens many perspectives of using voice besides
the practical aspect of using it as a collection tool.

As we are now at aturning point in telemedicine, we believe
that the use of vocal biomarkers is among the most promising
approachesto improve patient monitoring of COVID-19-related
symptoms.

In the following sections, we provide an extensive description
of the potential benefit and limitations as well as
recommendations for the development of a digital health
solution based on vocal biomarkers. Since the pandemic reveaed
specific needs, these recommendations are elaborated in the
COVID-19 context but can be easily generalized to other
diseases or symptoms.

Using Vocal Biomarkers for Remote
Symptom Monitoring in the Future

What isa Vocal Biomarker?

As mentioned before, voiceisarich medium, characterized by
thousands of different features, potentially affected by our health
status. Thus, a vocal biomarker is an extension of a classical
biomarker, a factor objectively measured and evaluated
representing a biological or pathogenic process or a
pharmacological response to a therapeutic intervention [21]. It
can aso be used as a surrogate marker of aclinical end point.
A voca biomarker can therefore be defined as a signature, a
feature, or a combination of features from the audio signal of
the voice associated with a clinical outcome. It must have all
the properties of a traditional biomarker, needing to be
analytically validated and qualified using an evidentiary
assessment. A vocal biomarker can be used to monitor patients,
diagnose a condition, or grade the severity of a disease [21].
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Vocal biomarkers have already been described in pathologies
such as Parkinson disease, depression, and cardiovascular
diseases with the potential of early diagnosis or disease
progression markers [21], but none of them is used in clinical
practice yet. Since voice features can be specifically associated
with these different pathol ogies, one can extrapol ate that similar
voice features could be associated with a COVID-19 infection
or with a consegquence of COVID-19. COVID-19 infection or
complications can affect voice through different mechanisms.
For example, respiratory insufficiency can lead to reduced
airflow, and therefore, changesin voice parameters[22]. Other
studies showed that voice quality was reduced in patients with
COVID-19 due to repeated cough, laryngea or pharyngeal
erythema, or sore throat [22-24].

Potential Benefitsand Limitations of Using Vocal
Biomarkersin the Context of COVID-19

The first developments based on the use of vocal biomarkers
in the context of COV1D-19 were meant to enable the detection
of COVID-19 infection. Vocal biomarkers for COVID-19
detection in cough and voice have been developed and could
one day serve as a screening tool on avery largescaleandin a
short period of time, for example, at airports or border controls,
leading to adirect benefit for the pandemic management [ 25,26].

Another benefit of vocal biomarkers to monitor
COVID-19-related symptomsremotely isareduced burden for
the user by limiting the clinical visits on-site, replacing tedious
guestionnaires and physical examinations, and facilitating the
reporting of symptoms or adverse events [27]. It could also
allow for simultaneous monitoring of several COVID-19—related
symptoms, with early detection of aworsening in the health or
mental condition, or onthe other hand, serve asaproxy to assess
treatment or rehabilitation effectiveness. All of these benefits
combined could in turn lead to reduced risk of hospitalization
and increased quality of life.

From aclinician or aresearcher’s perspective, the use of vocal
biomarkers can facilitate and objectivize patient evaluation, in
particular when the results are transmitted by a visualization
tool that might be easier to interpret than questionnaires. Vocal
biomarkers could also serve as a proxy to assess the benefits of
arehabilitation program for people with Long COVID. Asthe
collection of voicerecordingsisfast, fun, and limits the burden
for patients, it could also reduce attritionin clinica trials. Lastly,
voice collection reduces costs and alows for fast and
high-volume recruitment in trials by helping the inclusion of
patients unable to travel or with mobility issues, improving
participant representativeness, and reducing selection bias.
Participants' engagement should also be increased and limit
attrition in the studies by involving them in the management of
their pathology.

Integrating vocal biomarkers in care would aso facilitate
communication between patients and medical teams thanks to
better follow-up and medical care; particularly in a pandemic,
it would limit contacts and infection risks. Coupling vocal
biomarkers with aert systems could improve patient care and
safety. The inclusion of voice analysis in health calls or
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emergency centerswould enable augmented consultations, more
accurate caller authentication, and real-time analysis of
important health-related features [21].

We believe that increased use of voice in the future will
maximize the benefits for both the investigators and the study
participants, thanks to the combination of the best of both
traditional and digital approaches; it will ultimately increase
the quality of the studies and saves time and costs. Besides,
both for clinical practice and clinical research, there is a need
to avoid the ‘in-between clinical visits black hole’ and to
describe better what is happening to a patient between two
follow-up visits. Telemonitoring solutions based on vocal
biomarker monitoring could allow for amore accurate follow-up
and complement on-site evaluations [28].

However, some researchers have challenged the relevance of a
voca biomarker for COVID-19 detection [29] and raised the
issue of whether it isan actual marker of the disease or a proxy
of the genera health status, or worse, a proxy of the context of
recording of theindividuals.

Other limitations to the use of vocal biomarkers for remote
monitoring of COVID-19—related symptoms include patients
acceptability and readiness of the health care system [19] for
this new technology. The health status could also be alimitation,
in the way that persons experiencing severe symptoms could
betoo affected to bewilling to do the voice recording regularly,
and therefore, affect adherence to the digital solution.

Development of a Digital Health Solution
Based on Vocal Biomarkers to Monitor
COVID-19-Related Symptoms

Identification of the Outcometo Be Monitored

Many previously cited COVID-19-related symptoms could
theoretically be monitored using voice, including fatigue,
dyspnea, loss of taste or smell, disease severity, presence or
absence of symptoms, as well asimpact on mental health (eg,
stress, anxiety, and depression). However, the choice of
monitoring one of these symptoms should be discussed with
health care professionals to ensure its clinical relevance.

Potential clinical applications of vocal biomarkers for these
symptoms are presented in Figure 1. Vocal biomarkers could
be implemented in devices, such as smartphone apps, chatbots,
smart mirrorsor cars, and vocal assistants, to monitor symptom
resolution (with a vocal biomarkers of symptomatic or
asymptomatic status), mental health, and quality of life
degradation (with vocal biomarkers of stress, anxiety,
depression, chronic fatigue, or dyspnea); to propose personalized
follow-up after diagnosis (with vocal biomarkers of disease
severity); to perform a screening and a triage of patients at
hospital (with vocal biomarkers of disease severity, pain, or
loss of taste and smell); and to propose tailored rehabilitation
programsfor patientswithlong COVID (using vocal biomarkers
of loss of taste and smell, pain, dyspnea, and fatigue).
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Figure 1. Different use case of voca biomarkers related to COVID-19. The outside layer represents different vocal biomarkers , the second layer
represents the use cases, and the center shows different devices that could embark vocal biomarkers.
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Data Collection

This step consists of voice data collection coupled with
well-documented clinical data in screening platforms such as
Caolive Voice [30] or large prospective cohort studies [2,31].
The collected data have to be diverse enough and should
represent the target population in terms of languages, accents,
and socioeconomic backgroundsto decreasetherisk of systemic
biases and the risk of increasing a potential preexisting digital
and socioeconomic divide in the population.

Different types of voice records, such as vowel phonation,
reading a predefined text, counting, or semispontaneous voice
tasks, as well as nonverba vocalization (eg, coughing and
breathing) can be collected depending on the future foreseen
clinical application. The environment and conditions of voice
recordings are critical, in particular in COVID-19 settings.
Indeed, background noises and audio features may differ
between COVID-19—positive and control participants due to
the isolation of COVID-19—ositive persons. For this reason,
clear instructions to perform the voice recordings have to be
provided before data collection.

Depending on the final use case, at home or at the hospital,
recordings can be performed under either controlled conditions
with high-quality microphones and standard processes or in
real-life conditions with the patients smartphones. As
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mentioned before, the recording situation may impact audio
quality but can also alow for the training of more relevant
algorithms based on more diverse data sets. Wearing a surgical
mask has been shown to have no impact on vocal parameters,
such asvocal intensity, jitter, shimmer, and harmonics-to-noise
ratio [32]; voice collection can thus be performed safely at the
hospital or during clinical visits. The validity of the data set can
also beaconcern, asthe COVID-19 status may be self-reported
[33] and may induce some mislabeling of the audio.

From Voice Recording Toward Vocal Biomarkers

After several preprocessing steps on the raw audio signals, the
identification of vocal biomarkers candidates is based on
machine and deep learning methods, such as support machine
vectors, random forest, and visual geometry group, among many
others, which can be supervised or unsupervised. When alimited
data set is available, an alternative is to use transfer-learning
methods. The interest of this method is to take advantage of a
pretraining of the algorithm on a large data set from another
domain and to fine-tune it for the defined target. Internal and
external validations arethen required in other settingsand using
other data sets.

At this stage, the vocal biomarker candidate has also to be
clinicaly validated in one or severa clinical studies in
comparison to the gold standard measurement of the outcome
of interest (eg, validated scales to assess fatigue or stress or, if
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available, established physiological parameters such as blood
pressure or glycemia). The design of the studies hasto be chosen
carefully, going from a very standardized double-blind study
to areal-life prospective study.

Recommendations for the 3 steps for the evaluation of vocal
biomarkers (ie, verification of audio quality, analytical
validation, and clinical validation) have been provided by Robin
et a [34].

Embedding the Vocal Biomarker in a Digital Health
Solution

The next step after identification and validation of a promising
vocal biomarker candidate isto design adigital health solution
to embed it. Severa digital devices can be imagined, such as
smartphone apps, chatbots, smart mirrors, or voice assistants.
The future end users of the device, namely the patients and the
health care professionals, should be involved in the co-design
of the final solution [35,36] to ensure it meets their needs and
expectations. This is particularly important for voice-based
technologies to ensure their future acceptability. Finally,
feedback loops should be implemented to improve both the
solution and the algorithm through lessons|earned in popul ation
studies.

Particular caution should be taken when collecting voice; indeed,
voice is considered as identifying and sensitive data, and its
collection falls under different regulations or laws, such as
General Data Protection Regulations [37] in Europe and
Personal Information Protection and Electronic Documents Act
in Canada. Inthe United States, thereisno single dataprotection
law but rather multiple laws enacted at a federal or state level.
These different laws do not protect individual s at the samelevel,
and to minimize future risks for the use of the digital health
solution, it is highly recommended to obtain explicit consent
prior to collection. Measures have to beimplemented by design
and by default to securely process voice without privacy leakage

Fischer et al

(eg, encryption of voice data, splitting data into random
components, or using data representations from which sensitive
identifiable information is removed).

Once the digital health solution is developed, an additional
validation step is mandatory to prove clinical benefit,
effectiveness, and security in clinical trials. Indeed, most digital
health solutions fall under the new Medical Device Regulation
[38]. CE marking or Food and Drug Administration (FDA)
certification will be mandatory to bring the solution to the
market, and requirements for clinical evaluation are diverse,
depending on the final device. The definition of the
‘intend-to-use’ (article 2 of Medical Device Regulation) of the
device should be done early in the devel opment processto define
clinical evaluation requirements. It is highly recommended to
consult guidance documentsfor digital health interventions (eg,
MEDDEYV 2.1[39], FDA's benefit-risk framework for medical
devices [40], and the World Health Organization’s monitoring
and evaluating digital health interventions [41]) and to take
advice from regulatory authorities or a notified body.

Requests for reimbursement of the device or solution can be
made to national health insurance funds after the clinical and
economic interest of the new digital systemis proved.

An overview of the pipeline to develop a digital remote
monitoring solution based on vocal biomarkersis presented in
Figure 2.

Finally, as mentioned above, some vocal biomarkers have been
identified in several pathologies, but none of them are currently
used in clinical or real-life practice; indeed, the field of vocal
biomarkers is recent, and the way is still long until a health
solution based on them can be commercialized. Companies are
currently in the process of requesting FDA authorization or CE
mark but are facing challenges related to data security, ethical
issues, aswell asreliability and reproducibility of the algorithms.

Figure 2. Pipeline from identification to implementation in clinical practice of avoca biomarker. CE: conformite europeenne; FDA: Food and Drug

Administration; HCP: health care provider; I T: information technology.
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Conclusions

This viewpoint presents the need for new digital remote
monitoring technologies in the context of COVID-19 and the
potential benefit of using vocal biomarkers for this purpose.
We also propose a pathway and recommendations for a
successful implementationin clinical practice of adigital health
solution based on vocal biomarkers.

Implementation of vocal biomarkers in a digital solution for

Fischer et al

COVID-19isof highinterest. Itsfull potential can be achieved
inthe short term but still includes challenging steps and hurdles
to overcome before launching reliable solutions in practice.
Vocal biomarker acceptability remainsto be properly evaluated,
as the use of voice is a rather new technique and needs to be
integrated into existing health information technol ogy systems.
Thefuture of digital solutions embedding such vocal biomarkers
will be diverse and will probably evolve toward
multitechnol ogies solutions combining voice, video, and sensors
to offer the most comprehensive view of apatient’s health status.

remote patient monitoring of frequently reported symptoms of
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Abstract

Radiology, being one of the younger disciplines of medicine with a history of just over a century, has witnessed tremendous
technological advancements and has revol utionized the way we practice medicine today. In thelast few decades, medical imaging
modalities have generated seismic amounts of medical data. The development and adoption of artificial intelligence applications
using this data will lead to the next phase of evolution in radiology. It will include automating laborious manual tasks such as
annotations, report generation, etc, along with theinitial radiol ogical assessment of patients and imaging featuresto aid radiol ogists
in their diagnostic and treatment planning workflow. We propose a level-wise classification for the progression of automation in
radiology, explaining artificial intelligence assistance at each level with the corresponding challenges and solutions. We hope
that such discussions can help us address challengesin a structured way and take the necessary stepsto ensure the smooth adoption

of new technologies in radiology.
(Interact J Med Res 2022;11(2):e38655) doi:10.2196/38655
KEYWORDS

artificial intelligence; automation; machine learning; radiology; explainability; model decay; generalizability; fairness and bias;
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Introduction

Advancements in artificial intelligence (Al) and machine
learning have enabled the automation of time-consuming and
manual tasks across different industries [1]. With substantial
developments in the digita acquisition of data and
improvements in  machine learning and computing
infrastructures, Al applications are aso expanding into
disciplines that were previously considered the exclusive
province of human expertise[2]. From automobilesto the health
care sector, theworld is actively adopting Al to transform these
respective industries.

The confluence of information and communication technologies
with automotive technol ogies hasresulted in vehicle autonomy.
This growth is expected to continue in the future due to
increasing consumer demand, reduction in the cost of vehicle
components, and improved reliability [3]. The Society of
Automotive Engineers has classified the progression of driving
automation into 6 levels[4], ranging from No Automation (Level

https://www.i-jmr.org/2022/2/e38655

0) to Full Automation (Level 5). The levels of driving
automation are characterized by the specific roles played by
each of the 3 principal players, that is, the human user (driver),
the driving automation system, and other vehicle components.
As vehicle autonomy increases with each level of automation,
driver intervention is reduced [4].

Similar to the automobile industry, Al is progressively
transforming the landscape of health care and biomedical
research. A simulated deployment of natural language
processing—based classification algorithm has been shown to
enable automated assignment of computed topographic and
magnetic resonance radiology protocols with minimal errors,
resulting in ahigh-quality and efficient radiology workflow [5].
More recently, applications of diagnostic imaging systems have
expanded the capabilities of Al in the previously unexplored
and more complex hedlth care sector [2]. In radiology, Al
applications are being widely adopted for assisted image
acquisition, postprocessing, automated diagnosis, and report
generation. Automation in this field is till in its infancy, and
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severd clinical and ethical challenges must be addressed before
further progress can be made [6].

In this perspective, we attempt to categorize and map the
advancements and challenges of automation in radiology into
6 levels, similar to driving automation, with radiologists, Al
systems, and advanced technol ogies playing important roles at
each level. The subsequent parts of the paper briefly discuss
each level, its technical challenges, plausible solutions, and
enabling factors required for transitioning into the next level.

Ghuwalewalaet al

Levels of Automation in Radiology

The advancement of Al in the health sector has substantially
bridged the gap between computation and radiology, paving
the way for automation in radiology practice. We describe the
6 levels of automation in radiology using a taxonomy similar
to that used in driving automation. We further attempt to provide
afuturistic vision of the challengesthat the radiology field may
encounter as we progress toward the complete automation of
thisfield. Figure 1 illustrates different levels of automation in
radiology, including the challenges at each stage and the factors
that enable the progression between levels.

Figure 1. Flowchart depicting the various levels of automation in radiology practice. At each level, therole of the radiologist and artificia intelligence
(Al) is outlined, along with the enabling factors required to mitigate the potential challenges for progression to the next level. PACS: picture archiving

and communication systems.
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Level O: No Automation

Level 0, also known as No Automation, is the stage where a
radiologist manually performs every task fromimage acquisition
and radiographic film processing to diagnostic analysis without
the assistance of Al. We are well past this stage as the recent
advances in medical imaging modalities have enabled digital
storage and processing of the scans al ong with some automated
assistance to aid in the imaging workflow.

Level 1: Radiologist Assistance

At Level 1 automation, a radiologist performs most tasks
manually with assistance from machines. Recent technol ogical
advancements have digitized medical scans, making it easier
for radiologists to store, maintain, and distribute data.
Furthermore, newer solutions include features such as
contrast-brightness adjustment, assisted stitching of scans,
assisted focus adjustment, etc, which simplify the imaging
workflow and enable detailed radiological analysis. With
everything digitized, these modalities generate enormous
amounts of data, and the biggest challenge at this stage is the
proper maintenance and storage of data [7]. This is where

https://www.i-jmr.org/2022/2/e38655

RenderX

technologies such as picture archiving and communication
systems have provided an economical solution to compressand
store data for easy retrieval and sharing [8]. With the
advancement in automation, the radiology field is currently
experiencing a major paradigm shift in the principles and
practices of many computer-based toolsused in clinical practice

[9].
Level 2: Partial Automation

Partial automation in radiology refers to the use of
computer-assisted  diagnostic modalities to automate
prioritization. However, the automation at level 2 requires
radiologist supervision, and the diagnostic decision is not final
without the radiologist’s approval. With the advancement of
picture archiving and communication systems technology,
radiology practicesfrequently consider upgrades and renovations
to further improve efficiency. For example, radiomics is an
emerging subfield of machine learning that converts
radiographic images into mineable high-dimensional data by
providing additional features to analyze and characterize the
disease. Machine learning algorithms can be used to extract
featuresfrom radiographic imagesthat can help make prognostic
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decisions[10]. Feature extraction includesthetexture, intensity,
shape, and geometry of the region of interest [11]. Besides
feature extraction from images, clinical and molecular profile
data could sometimes be essential to comprehend complex
diseases and ensure the right diagnosis to deliver the best
possibletreatment [12]. The amalgamation of machinelearning,
radiomics, and clinical information hasthe potential to improve
itsapplicationin precision medicine and clinical practices. Since
these technologies are still in their nascent stages of
development, radiologistswill most likely usethem asancillary
toolsin making final decisions.

The progress at this level of automation is slow and can be
attributed to three major factors:

1. Lack of high-quality data: There is a limited amount of
good quality medical data because the annotation and
documented diagnosis by an expert are time-consuming
and expensive processes [13]. This becomes a challenge
when developing an Al system that can generalize well
across unseen data, because the performance of machine
learning models is significantly influenced by the size,
characteristics, and quality of the data used to train them.
The problem of insufficient training data, particularly in
cases of rare diseases, can be addressed through data
augmentation, in which synthetic data are generated to
increase the prevalence of the target category, making the
models more robust for analyzing independent information
on the test sets [14]. Generative adversaria networks are
the most commonly used neural network models for
generating and augmenting synthetic images for rare
diseases, such as rheumatoid arthritis and sickle cell
diseases. Although these techniques allow models to be
trained on sparse data sets and produce promising results,
the adoption of generative adversarial networksin medical
imaging is still inits early stages[15].

2. Stringent data laws: Medical data are often governed by
several data security laws, regulations, and compliances,
making it extremely difficult to share and use this data
outside a clinical setting [6]. Collaborations between
hospitals and tech companies are critical to bypass the
barriers of data-sharing laws and make the best use of rich
medical datato develop advanced solutions for automated
and accurate diagnoses.

3. Cost of technology adoption: Current algorithms for
analyzing radiological scans are computationally resource
intensive, which significantly increasesthe cost of adopting
these technologies in clinical practices. Therefore, it is
important to devel op low-power and cost-effective solutions
that can be easily adopted by medical organizations. Edge
devices can be used as |ow-cost prescreening tools as they
can be deployed remotely and deliver instant results without
consuming much bandwidth [16].

Level 3: Conditional Automation

Unlike partial automation, where the final decision is entirely
dependent on theradiologist, the systemsat Level 3: Conditional
Automation are robust enough to diagnose and make decisions
under a predefined set of conditions (ie, those used to train the
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model) without radiologist supervision. If these conditions are
not met, a radiologist must be available to override the Al
analysis. The efficiency of human-Al collaboration in clinical
radiology is dependent on clinicians properly comprehending
and trusting the Al system [17]. One of the major requirements
to enable such human-Al interfaces in radiological workflows
is an effective and consistent mapping of explainability with
causability [18]. Specialized explainer systems of explainable
Al (widely acknowledged as an important feature of practical
deployment of Al models) aim at explaining Al inferences to
human users[19]. Explainability in radiology can beimproved
by using localization models, which can highlight the region of
suspected abnormality (region of interest) in the scan, instead
of using classification models, which only indicate the presence
or absence of an abnormality [20]. Although an explainable
system does not refer to an explicit human model and only
indicates or highlights the decision-relevant parts of the Al
model (ie, parts that contributed to a specific prediction),
causability refers primarily to a human-understandable model.
Causability isthe degreeto which an explanation of astatement
to a human expert achieves a defined level of causa
understanding while also being effective, efficient, and
satisfactory within the context of use [18].

Radiology scans often suffer from high interreader variability
that arises when 2 or more readers disagree on the results of a
scan. This may lead to uncertainty in the ground truth labels.
The problem of ambiguous ground truth can be mitigated by
using expert adjudication [21] or multiphasic review [22] to
create high-quality labels, which may help yield better models
than other approaches in improving model performance on
origina labels [20]. Additionally, imaging protocols,
manufacturers of imaging modalities, and the process of storing
and processing medical datadiffer between organizations, which
impedes the use of data from different sources for Al
applications [23]. These factorsresult in the development of Al
systems on a limited distribution of data, making them highly
susceptibleto failureif certain conditions, such as demographics,
race, gender, time, etc, are not met. For example, Dou et al [24]
developed a COVID-19 detection model using data sets from
internal hospitals in Hong Kong. The model performed
extremely well inidentifying abnormalitiesin Chinese data sets
but underperformed in German data sets with different
population demographics [24]. Cross-center training of the Al
model for different demographics and distinct cohort features
would help the model learn from multiple sources and mitigate
the problem of generalizahility.

Level 4: High Automation

Advancing from level 3, the Al systems at Level 4: High
Automation would make decisions without the assistance of a
radiologist. Human intervention would only be required in
complex cases where the Al requests it. Such systems would
require extensive clinical validations before they could be
reliably used. As summarized by Kulkarni et a [20], these
systems would need to undergo internal as well as external
validations to evaluate the system’s performance on unseen
data. The Transparent Reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis (TRIPOD)
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statement [ 25] specifies guidelinesfor reporting the devel opment
and validation of such diagnostic or prognostic models. Since
these Al systems must work independently of conditions, they
must generalize across a wide variety of data from different
sources without inducing any bias from the training data. For
example, Obermeyer et a [26] exposed a shortcoming in a
widely used algorithm in the health care system that identified
Black patients as being healthier than equally sick White
patients. The racial bias exhibited by this system led to an
unegual distribution of health care benefits to Black patients.

Elgendi et a [27] observed that adopting simple data
augmentation and image processing techniques such as
normalization, histogram matching, and image reorientation
can aid in standardizing images from different sources. The
standardization of annotation, data processing, and storage
protocols are also vital for this data to be efficiently used for
the development of Al systems. To learn and understand the
differences and nuances of abnormalities in images from
different regions, these Al systemswould need to be devel oped
on radiographic image data from various sources around the
world.

The sharing of medical data has its own logistic and lega
challenges as several government policies and compliancessuch
asthe Health Insurance Portability and Accountability Act [28]
restrict the cross-border sharing of medical data. Thisiswhere
privacy-preserving distributed learning techniques such as
federated learning [29] and split learning [30] could play an
important role in training the Al models at the source without
moving the datato a centralized location. In the current state of
development, the adoption of these distributed learning
techniques is challenging because of the high costsinvolved in
software devel opment and infrastructure maintenance at multiple
locations [31]. Despite these challenges, distributed learning
appears to be a viable and promising approach to develop Al
systems on multiple centralized data sets without the egress of
sensitive medical data[32].

Level 5: Full Automation

Level 5, referred to as Full Automation, is the ultimate stage of
automation in radiology, where an Al application would be
capable of end-to-end analysis of a case, from the initial
diagnosis to automatic report generation. With the
standardization of diagnostic reporting protocol s and the recent
advances in natural language generation models such as
Generative Pre-trained Transformer 3 [33], results can be
automatically reported in a structured format.

With such a high level of automation, it is crucia to maintain
these Al systems at their optimal performance levels; however,
their efficiency often deteriorates over time [34]. This
phenomenon is referred to as model decay. One of the reasons
for model decay is covariate shift [35], where the distribution
of the input data is different from the training data. Another
reason for such a decay could be prior probability shift [36],
where the distribution of the target or the prevalence of an
abnormality in a population changes. The change in the
definition of the relation between the input and target data,
referred to as concept drift [37], could also contribute to model
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decay. These changes may occur gradually over time or
suddenly whenthe Al systemisdeployedin adifferent location
with a different population. Therefore, it is crucial to
continuously monitor these Al systems and fine-tune them as
required to maintain optimal performance [20].

The compl ete automation of radiology in clinical practice will
be challenged by medico-legal concerns about assigning liability
in cases of Al misdiagnosis. A challenging legal question is
whether doctors, radiologists, and health care providers would
still be held accountable to bear ultimate legal responsibilities
when they are no longer liable for the interpretation of
radiological studies or would the data scientists and the
manufacturersinvolved in the development and implementation
of Al systems be held responsible [38]. It isimportant to focus
on ethical questions concerning the implications of full
automation for patient-centered medical care. In any event,
responsibility must be assigned to humansfor their involvement
inthisextremely complex field of Al in medicine[39]. Another
challenge at this stage would be to address the fear among
radiologists of Al systemstaking over their jobs[40]. However,
jobs will not be lost, but rather, roles will be redefined. With
the influx of new data, radiologists would be the information
specialists capable of piloting Al and guiding medical datato
improve patient care [41]. Al will undoubtedly be an integral
part of medicine, particularly radiology, but the final decision
will be made by human radiologists because only a human
expert’s knowledge and subject expertise can enable areliable
diagnosis [42]. We believe that Al systems will become smart
assistantsfor radiologists, capable of automatically performing
mundane tasks, such as preliminary diagnosis, annotations,
report generation, etc, under radiologist supervision. Thiswill
not only reduce the workload of radiol ogistsbut also alow them
to collaborate with clinicians and actively participate in other
aspects of patient care.

Conclusion

The advancement in Al is bringing the field of radiology to a
higher level of automation. We propose a level-wise
classification system for automation in radiology to elucidate
the step-by-step adoption of Al in clinical practice. We also
highlight the concerns and challenges that must be addressed
as radiology advances toward complete automation. This
includes the development of Al models that are transparent,
interpretable, trustworthy, and resilient to adversaria attacks
in medical settings. Developers of Al agorithms must be
cautious of potential risks such as unintended discriminatory
bias, inadvertent fitting of confounders, model decay, the
constraints of generalization to unseen populations, and the
imminent repercussions of new algorithmson clinical outcomes.

There are numerous ethical issues and unanticipated
repercussions associated with the introduction of high-level
automation in health care. To address these issues, regulatory
standards for the development, management, and acquisition
of technology and Al; public-privateinstitutional collaborations;
and ethical and responsible application of Al inthe health care
sector arerequired [43]. Most people envision Al fully replacing
the driver or completely bypassing the doctor when they think
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about complete automation in the automobile or health care
industry, respectively. Although there could be many good
reasons to entirely replace drivers with autonomous vehicles,
this approach could be detrimental in the health care sector. We
must acknowledge the distinct advantages of augmentations
over complete automation in health care practices [44]. In this

Ghuwalewalaet al

between Al scientists, software developers, and expert
radiologists. This substantially improvesthe quality and quantity
of expert clinical feedback and guidance at every stage of
development. As we move closer to the complete automation
of radiological analysis, such collaborations are crucia for
expediting the automation process.

regard, “ expert-in-the-loop” ideology facilitatesthe collaboration
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Abstract

Background: Public health has a pivotal role in strengthening resilience at individual, community, and system levels as well
as building healthy communities. During crises, resilient health systems can effectively adapt in response to evolving situations
and reduce vulnerability across and beyond the systems. To engage national, regional, and international public health entitiesand
experts in a discussion of challenges hindering achievement of health system resilience (HSR) in the Eastern Mediterranean
Region, the Eastern Mediterranean Public Health Network (EMPHNET) held its seventh regional conferencein Amman, Jordan,
between November 15 and 18, 2021, under the theme “ Towards Resilient Health Systemsin the Eastern Mediterranean: Breaking
Barriers” This viewpoint paper portrays the roundtable discussion of experts on the core themes of that conference.

Objective: Our aim was to provide insights on lessons learned from the past and explore new opportunities to attain more
resilient health systemsto break current barriers.

Methods: The roundtable brought together a panel of public health experts representing Field Epidemiology Training Programs
(FETPs), Centersfor Disease Control and Prevention in Atlanta, World Health Organi zation, EMPHNET, universities or academia,
and research institutions at regional and global levels. To set the ground, the session began with four 10-12—-minute presentations
introducing the concept of HSR and itslink to workforce devel opment with an overall reflection on the matter and |essons|earned
through collective experiences. The presentationswere followed by an open question and answer session to allow for aninteractive
debate among panel members and the roundtabl e audience.

Results: The panel discussed challenges faced by health systems and lessons learned in times of the new public health threats
to move toward more resilient health systems, overcome current barriers, and explore new opportunities to enhance the HSR.
They presented field experiencesin building resilient health systems and the role of FETPs with an example from Yemen FETP.
Furthermore, they debated the lessons learned from COVID-19 response and how it can reshape our thinking and strategies for
approaching HSR. Finally, the panel discussed how health systems can effectively adapt and prosper in the face of challenges
and barriers to recover from extreme disruptions while maintaining the core functions of the health systems.

Conclusions: Considering the current situation in the region, there is a need to strengthen both pandemic preparedness and
health systems, through investing in essential public health functions including those required for al-hazards emergency risk
management. | nstitutionalized mechanisms for whole-of-society engagement, strengthening primary health care approaches for
health security and universal health coverage, as well as promoting enabling environments for research, innovation, and learning
should be ensured. Investing in building epidemiological capacity through continuous support to FETPs to work toward
strengthening surveillance systems and participating in regional and global effortsin early response to outbreaksis crucial.
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Introduction

Public health has a pivotal role in strengthening resilience at
individual, community, and system levels as well as building
resilient and healthy communities. During crises, resilient health
systems can effectively adapt in response to evolving situations
and reduce vulnerability across and beyond the systems. Health
system resilience (HSR) is defined asfollows [1,2]:

[T] he ability to prepare for, manage (absorb, adapt,

and transform) and learn from shocks.
Hence, it is a key factor to coping with a crisis such as the
economic crisis and the COVID-19 pandemic [2]. Although
catastrophe risk reduction is based on the concept of resilience,
it is only recently been applied to health systems. It has been
widely characterized asingtitutions and health actors' capacities
to preparefor, recover from, and absorb shocks while sustaining
basic activities and fulfilling the community’s continuing and
acute care needs [3,4].

Even though the 680 million people of Eastern Mediterranean
Region (EMR) make up only 9% of the global population [5],
it is home to 43% of those in need of humanitarian assistance
[6] and is the source of 64% of the world's refugees [7]. The
current resilience of health systems in the EMR varies from
country to country, mostly based on the governmental and
financial situation of the countries[8].

However, for the achievement of HSR, individuas,
communities, and systems must be enabled to address
challenges, such as poverty, inequality, unemployment, and
other factors that endanger heath and well-being. Relative
successfor HSR will depend on how the existing health systems
can benefit from the newly learned lessons[9].

Global Hedth Development (GHD) is a regional initiative
created to support countries in the EMR and strengthen their
health systemsto respond to public health challenges and threats.
GHD was initiated to advance the work of the Eastern
Mediterranean Public Health Network (EMPHNET) by building
coordinating mechanismswith Ministries of Health, international
organizations, and other ingtitutions to improve population
health outcomes. Serving as a collaborative platform,
GHDI|EMPHNET is dedicated to serving the region by
supporting efforts to promote public health policies, strategic
planning, sustainable financing, resource mobilization, public
health programs, and other related services.

GHD|EMPHNET and the EMR’s Field Epidemiology Training
Programs (FETPs) have made significant contributions to
preparing for and responding to the present COVID-19 crisis.
GHD|EMPHNET has the scientific competence to help raise
country alert and preparation inthe EMR and providetechnical
support through health promotion, training and training
materials, guidelines, coordination, and communication. The
FETPsare now involved in surveillance and screening at ports
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of entry, the development of communication materials and
guidelines, aswell asthe dissemination of information to health
professionals and the general public. However, several countries
are still underequipped, have inadequate diagnostic capabilities,
and require more capacity development to respond to public
health issues. It is critical that GHD|IEMPHNET and FETPs
continueto create capacity to respond to COVID-19 and increase
support for public health emergency preparedness and response
[10]. If broadly and efficiently shared, there are crucial lessons
that can help countries improve their preparedness, response,
and strategy to tackle future health issues. Our local, national,
regional, and global capacities face a variety of concerns and
problems in this new era. Our region (ie, the EMR), like the
rest of the world, must prepare for and respond to such threats
by taking necessary measures. HSR, entailing the ability to
adapt and thrive in the face of obstacles and hurdles, is more
important than ever to recover from today’s extreme disruptions
while preserving basic health system operations.

To engage national, regional, and international public health
entities and expertsin a discussion of public health challenges
hindering the achievement of HSR in the EMR countries,
EMPHNET held its seventh regional conference in Amman,
Jordan, between November 15 and 18, 2021, under the theme
“Towards Resilient Health Systems in Eastern Mediterranean:
Breaking Barriers.” A panel of public health experts discussing
the core theme of the conference represented FETPs, Centers
for Disease Control and Prevention in Atlanta, World Health
Organization, EMPHNET, universities or academia, and
research ingtitutions at regional and global levels. Thisviewpoint
aims to portray the “Health System Resilience (HSR)”
roundtable that took place during the conference.

Objectives

The aim of our viewpoint is to provide insights on lessons
learned from the past and explore new opportunities to attain
more resilient health systems to break current barriers.

Roundtable Panel Discussion

The roundtable brought together apanel of public health experts
and to set the ground for the discussion, the session began with
10-12-minute presentations introducing the concept of HSR
and its link to workforce devel opment. The presentations were
followed by an open question and answer session to allow for
an interactive debate among panel members and the roundtable
audience.

The panel of experts discussed challenges faced by health
systems and |essons|earned during the new public health threats
to movetoward moreresilient health systems, overcome current
barriers, and explore new opportunities to enhance the health
systems' resilience. Moreover, they presented the role of
National Public Health Institutesin HSR and reviewed therole
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of the FETPsin strengthening the health systems' resiliencein
the EMR.

The roundtable panel presented a structured approach to the
resilience-building processes of health systems and formulated
implementation of building back better approach; they also
discussed the role of FETPs during the COVID-19 pandemic
and other priority emergenciesinthe EMR. The panel discussion
included oral presentations and an interactive discussion of
guestions and comments from participants, which covered the
following topics: introduction to HSR—transforming challenges
into opportunities, national public health institutes, and health
systems' resilience; the contribution of the health workforce to
health system’ sresilience—empirical and personal experiential
examples; building resilient health systems—the role of the
FETPs and Yemen FETP experience; and overall reflections
about the presented topics and the lessons |earned.

The panelist stressed that HSR is about transforming challenges
into opportunities. An organized approach to resilience-building
will ensure smooth recovery from emergencies and crises such
asthose observed during the COVID-19 pandemic or any other
emergenciesin theregion and beyond. The panel members saw
resilient health systems as a priority for al countries in the
region. Adequate investments in health for socioeconomic
development, investmentsfor emergency preparedness, aswell
asan integrated approach to health security and universal health
coverage are warranted. This should be supplemented by a
robust primary heath care foundation, investments in the
essential public health functions, application of the
whole-of-society approach, and attention to vulnerable and
marginalized groups.

The ability to learn from country responsesto emergencieslike
thelast COVID-19 outbreak depends on theresilience of health
systems. In this context, the panel confirmed earlier findings of
an assessment of COVID-19 responses in 28 countries [11],
which emphasized the activation of comprehensive response
mechanisms, adapting health system capacity with cost-effective
measures such as public-private partnerships, preserving health
system functions and resources, and adopting effective measures
to reduce vulnerability.

On the other hand, strong national public health institutes
(NPHIs) [12] help countries avoid, detect, and respond to public
health hazards more effectively. NPHIs are science-based
organizations that lead and coordinate critical public health
responsibilities. They are often housed in the government’s
ministries of health or are closely associated with them. By
generating, integrating, and interpreting public health data to
make timely recommendations, NPHIs play akey rolein health
policy and decision-making during crises and challenging
settings. NPHIs aid in the integration of public health
decision-making activities by bringing together the required
evidence and by coordinating efforts across sectors.

The contribution of the health workforce to health systems
resilience was another areathat was extensively discussed. The
health workforce is considered the most important element for
a health system to be able to absorb the increased health needs
generated by shocks, adapt to deliver services with often less
resources than usual, and transform themselves according to
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changes in the environment generated by the shock. However
frontline health workers are often the most vulnerable
individuas, such asin the case of epidemics, and often in armed
conflicts when they become primary targets [1,13,14]. During
the discussion, empirical examples were also given on the
contribution of the health workforce to heath systems
resilience, for example, the flexible approach adopted by the
government in Zimbabwe to adapt policies for deployment of
health workers. This alowed for better retention, which in turn
increased the capacity of the health system to continue delivering
services in remote hard-to-reach areas even during the peak of
the socioeconomic crisis [15]. Postconflict Timor-Leste, with
avast mgjority of population living in rural areas, is nowadays
more able to address their public health needs after the
contribution of Cuban government in producing morethan 1000
medical professionals with a public health orientation. It isto
be noted that this intervention greatly contributed to transform
the health system’sfocusfrom a* curative or hospital -centered”
to amore* primary health care-based” system [16]. Within the
EMR, the Lebanese hedth system adopted some workforce
measures to be more able to cope with the increased health
needs caused by the massive influx of Syrian refugees between
2012 and 2014. On the one hand, the Lebanese authorities
increased nurses salaries to increase their attraction and
retention, and on the other, they increased the number of
scholarships available for applicants to nursing studies to
increase production and availability of this key cadre [16].
According to Physicians for Human Rights reports of 2016, the
Syrian health system decision makers decided to relax and adapt
their regulationsto allow physicians engaged in surgery training
to undertake operations to address the increased workload
generated by the conflict in Aleppo. Other examples of health
workforce interventions that increased the resilience of health
systems based on field experience include task-shifting (ie,
allowing lower cadres to assume responsibilities previously
attributed to higher level cadres). This was adopted in Angola
during the armed conflict in 1975-2002 and in Pakistan after
the earthquake of 2005. Other interventions reported include
training of community health workers to assume basic public
health functions. The example of the network of community
health workers deployed in refugee camps during the massive
influx into Tanzaniafollowing the genocide of 1994 in Rwanda
was given. Finaly, another example reported was the
spontaneous initiative adopted by private providersin Syriato
cover gapsin home care of patients with COVID-19 |eft by the
public system in Syriain 2020-2021.

The panel aso discussed how the FETPs are designed to build
resilient public health systems and strengthen those systems
through increasing the number and quality of field
epidemiol ogistsin the public health workforce. Such workforce
is crucial for timely detection, investigation, and response to
public health emergencies. By improving capacity to collect
public health data through improved disease surveillance
systemsand using the collected data effectively, the application
of evidence-based approachesin public health decision-making
and policies can be promoted [17].

It has been shown that today more than 19,000 FETP alumni
are trained worldwide, as the “boots on the ground” to detect
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and respond to public health threats, including infectious disease
outbreaks, chronic and noncommunicable diseases, natural
disasters, and humanitarian crises[18]. Having such workforce
on the ground, responsive as quickly as possible to any
emergency situation worldwide, would not have been possible
without the investment in establishing FETPs[19].

The US Centers for Disease Control and Prevention and the
World Health Organization have reinforced the central role of
the FETPsfor strengthening capacities of the health workforce
in emergency management for greater resilience and health care
response capacity [20].

The emergence and reemergence of infectious and noninfectious
diseases is a major issue of public health concern. Previous
outbreaks (eg, Ebola, Lassafever, and cholera) have highlighted
the need for a multisectoral public health workforce with the
requisite competencies to effectively address these situations
[21-23].

Today, the ongoing COVID-19 pandemic has highlighted the
need for a well-trained public health workforce to save lives
through timely outbreak detection and response [24,25].

Studies from different parts of the world have shown that since
the early phase of COVID-19 epidemic, FETP trainees and
graduates have been mobilized to support preparedness and
response activities in their countries, and they have played a
crucial rolein HSR.

A survey of 65 FETPs around the world indicated that FETP
residents and graduates have engaged in the COVID-19 response
acrossall 6 regions of the World Health Organi zation. Response
efforts focused on country-level coordination (98%),
surveillance, rapid response teams, case investigations (97%),
activitiesat points of entry (92%), aswell asrisk communication
and community engagement (82%). Descriptions of FETP
contributions to COVID-19 preparedness and response are
categorized into the following 7 main themes: conducting
epidemiological activities, managing logistics and coordination,
leading risk communication efforts, providing guidance,
supporting surveillance activities, training and developing the
workforce, and holding leadership positions [26].

In the EMR, where the current COVID-19 situation continues
to be of concern, the FETPs have also actively participated in
surveillance and screening at the ports of entry, devel opment
of communication materials and guidelines, as well as sharing
information with health professionals and the public [10].
Furthermore, The FETP graduates are found to be fully aware
of the epidemiology of COVID-19 and the safety measures
required, and they were well positioned to investigate and
respond to the COVID-19 pandemic [27].

During the panel, the situation in Yemen, a country witnessing
aprotracted conflict limiting the capacity for public health and
outbreak response, was discussed. Despite difficulties, the
Yemen FETP has been instrumental in supporting COVID 19
response through participating in country-level coordination,
planning, and monitoring, in addition to developing guidelines,
standard operating procedures, and strengthening surveillance
capacities. Other contributions of the program included outbreak
investigations, contact tracing, case management, infection
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prevention and control, risk communication, and evidence-based
research [28].

The panel members underlined that the COVID-19 pandemic
and the varied national-level responses havereinforced the need
for countriesto invest in atrained public health workforce. The
countries have learned that epidemiological skills are valuable
assets and that other skills and disciplines such as data science
need to be part of the modern field epidemiology training.
Finally, the available evidence on the key role of the FETPs to
support country response and ensure better HSR should reinforce
the need for countries to invest in a trained public health
workforce. The FETPs not only have the power to improve
health systems during normal times but also can make health
systemsresilient to crises that may emerge over the longer run.
This part of the panel discussion highlighted that a resilient
health system can only be capable of managing the emerging
and reemerging crises when it has an adequate, well-trained,
and willing epidemiologists workforce.

Roundtable Major Themes

The roundtable discussion provided an opportunity to explore
the HSR concept; the importance of adapting to changing
situations, including emergencies and crises; the tenets of a
resilient health system; and the ways vulnerability can be
reduced across and beyond health systems. It focused on how
to create resilient and healthy communities and how to
strengthen such resilience at the individual, community, and
system levels. Finally, the region’s collective experience, the
most important lessons|earned, and how existing health systems
can benefit from these lessons were discussed in particul ar.

The panel members highlighted the importance of enhancing
HSR and provided their recommendations in the following 3
major areas. (1) global involvement, health systems, and
governance; (2) research, innovation, and workforce capacity
development; and (3) addressing inequities and engaging
communities. The activities classified under these major areas
are asfollows:

«  Glabal involvement, health systems, and governance:

- Leverage the current response to strengthen both
pandemic preparedness and health systems.

» Investin EPHFs, including those needed for al-hazards
emergency risk management.

- Strengthen primary health care approaches for health
security and universal health coverage.

- Improve organization and functioning of health systems
for pandemic preparedness.

» Invest in addressing foundational health system gaps
and essential public health functions for emergency
management.

- Provide equa priority for maintaining essential health
services and ensuring emergency preparedness and
response.

» Increase domestic and global investment in health
system foundations and all-hazards emergency risk
management.
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- Ensure good governance and leadership for effective
emergency risk management with multisectoral
coordination.

« Research, innovation, and workforce capacity devel opment:

- Promote enabling environments for research,
innovation, and learning.

» Use technology and new ways of organizing health
services to provide alternative platforms for health
service delivery and epidemic response.

»  Adopt health workforceinterventionsto increase health
systemsresilience, such asincreasing the number and
quality of field epidemiologists in the public health
workforce to ensure an adequate, well-trained, and
willing epidemiologists’ workforce; task-shifting; and
training of community health workers to assume basic
public health functions.

« Addressing inequities and engaging communities:

»  Addresspreexisting inequities and the disproportionate
impact of COVID-19 on marginalized and vulnerable
populations.

» Build and maintain public trust through community
engagement and participation.

 Invest in ingttutionalized mechanisms
whole-of-society engagement.
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Conclusions

In conclusion, the lessons learned from COVID-19 response
can reshape our thinking and strategies for approaching HSR.
Considering the current situation in the EMR, there is a need
to strengthen both pandemic preparedness and health systems,
through investing in the essential public health functions,
including those required for all-hazards emergency risk
management. I nstitutionalized mechani smsfor whole-of-society
engagement strengthening the primary health care approaches
for health security and universal health coverage, and promoting
enabling environments for research, innovation, and learning
should be ensured. Finally, investing in building epidemiological
capacity through workforce devel opment and continuous support
to FETPs to work toward strengthening surveillance systems
and participating in regional and global effortsin early response
to outbreaks is needed.

The experience in the EMR and beyond has clearly shown the
critical role of the health workforce in ensuring resilience.
Capacity building for the public health workforce, in particul ar
the FETP, proved to be instrumental in this respect. The
implications for countries and the global community should
include the devel opment of avision and strategy for enhancing
resilience, streamlining and harmonizing global and
country-level efforts, as well as mobilizing funding and
resources for the effective implementation of the required
interventions.
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Abstract

Background: The underuse or overuse of knowledge products leads to waste in health care, and primary care is no exception.

Objective: Thisstudy aimed to characterize which knowledge products are frequently implemented, theimplementation strategies
used in primary care, and the implementation outcomes that are measured.

Methods: We performed a systematic review (SR) of SRs using the Cochrane systematic approach to include eligible SRs. The
inclusion criteriawere any primary care contexts, health care professionals and patients, any Effective Practice and Organization
of Care implementation strategies of specified knowledge products, any comparators, and any implementation outcomes based
on the Proctor framework. We searched the MEDLINE, EMBASE, CINAHL, Ovid PsycINFO, Web of Science, and Cochrane
Library databases from their inception to October 2019 without any restrictions. We searched the references of theincluded SRs.
Pairs of reviewers independently performed selection, data extraction, and methodological quality assessment by using A
Measurement Tool to Assess Systematic Reviews 2. Data extraction was informed by the Effective Practice and Organization of
Caretaxonomy for implementation strategies and the Proctor framework for implementation outcomes. We performed adescriptive
analysis and summarized the results by using a narrative synthesis.
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Results: Of the 11,101 recordsidentified, 81 (0.73%) SRswere included. Of these 81, atotal of 47 (58%) SRsinvolved health
care professionals alone. Moreover, 15 SRs had a high or moderate methodological quality. Most of them addressed 1 type of
knowledge product (56/81, 69%), common clinical practice guidelines (26/56, 46%) or management, and behaviora or
pharmacological health interventions (24/56, 43%). Mixed strategies were used for implementation (67/81, 83%), predominantly
education-based (meetings in 60/81, 74%; materials distribution in 59/81, 73%; and academic detailing in 45/81, 56%), reminder
(53/81, 36%0), and audit and feedback (40/81, 49%) strategies. Education meetings (P=.13) and academic detailing (P=.11) seemed
to be used more when the popul ation was composed of health care professional s alone. Improvementsin the adoption of knowledge
products were the most commonly measured outcome (72/81, 89%). The evidence level was reported in 12% (10/81) of SRson
62 outcomes (including 48 improvements in adoption), of which 16 (26%) outcomes were of moderate or high level.

Conclusions: Clinical practice guidelines and management and behavioral or pharmacological health interventions are the most
commonly implemented knowledge products and are implemented through the mixed use of educational, reminder, and audit
and feedback strategies. There is a need for a strong methodology for the SR of randomized controlled trials to explore their

effectiveness and the entire cascade of implementation outcomes.

(Interact J Med Res 2022;11(2):€38419) doi:10.2196/38419

KEYWORDS

knowledge trandlation; knowledge product; implementation strategies; review; health care professionals; primary care

Introduction

Background

The effectiveimplementation of knowledge productsis essential
for improving and sustaining the well-being of populationsand
reducing waste in health care. In 2019, health care spending
represented 17.7% of the US gross domestic products [1] and
11.5% of that for Canada[2]. However, the underuse of effective
knowledge products that would be beneficial to the population,
combined with the misuse or overuse of knowledge products
that offer no added value or even provide more harm than
benefits to populations, contribute to this lack of impact and
waste [3,4]. Knowledge productsinclude awide range of health
interventions or policies, programs, practices, or processes of
technological, pharmacological, behavioral, or managerial nature
and guidelines[5,6].

Given this gap between the production of knowledge products
and their application in clinical practices and health policies, a
growing emphasis has been placed on knowledge trandation
(KT) [7,8] and implementation strategies[8-10]. Implementation
strategies can be understood as an actively planned and
deliberately initiated set of processes, methods, techniques,
activities, and resources, with theintention of trandating agiven
knowledge product into practice within a particul ar setting and
context [5,11-13].

In recent years, given the many constraints on resources (human
and financial) faced by most, if not all, health care systems,
which have recently been made even worse by the COVID-19
pandemic [14], there has been a growing urgency in regard to
synthetizing what is known about effective implementation
strategies [9,15-24]. Despite these efforts, gapsin KT remain
inrelation to overviews of variable methodol ogical and reporting
qualities[25], which sometimes|ead to conflicting conclusions
and make it challenging for health care stakeholders to decide
which strategies are effective for the implementation of agiven
knowledge product. This concern has not been explicitly
addressed in the existing literature.

https://www.i-jmr.org/2022/2/€38419

Therefore, we planned a 3-phase project, with the ultimate goal
to identify, for each category of knowledge product, the most
effective implementation strategies for their uptake into health
care professionals’ clinical practice. The first phase was to
critically analyze the existing literature overviewsto determine
their strengths and weaknesses. This allowed us to highlight
many methodological challenges such as the definition of
eligibility criteria and literature search, the way in which data
were synthesi zed, the methodol ogi cal quality assessment of the
literature reviews included, and the assessment of the evidence
level. These points informed the realization of the present
systematic review (SR) of SRs, which is the second phase of
our project.

Objective
We sought to characterize which knowledge products are

frequently implemented, the implementation strategies used in
primary care, and the implementation outcomes measured.

Methods

Project Design and Registration

To optimize the identification of effective implementation
strategies in the area of primary care, we conducted a 3-phase
project using SR methodol ogies. |n phase 1 (completed review),
we conducted acritical analysis of the methodological strengths
and weaknesses of the existing overviews. In phase 2 (current
overview), we conducted an SR of SRsto characterize the most
frequently implemented knowledge products, implementation
strategies used, implementation outcomes measured, and
reported levels of evidence in individuals or stakeholders
participating in the provision of health care (referred to ashealth
careprofessionals) or in health care professionalsand end users
(patients and clients) in the context of primary health care. In
theincluded SRs, primary studies may either be of more robust
experimental designs (randomized controlled trials [RCTS]) or
less robust designs. Therefore, the effectiveness of key
knowledge products and key implementation strategies was
measured in a separate phase 3 (future review) using an SR of
RCTs.
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The protocol of the project was registered on the Open Science
Framework platform on February 7, 2020 [26] and then
published [27]. The review was conducted following the
Cochrane methodology [28] and is reported in accordance with
the PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) guidelines [29].

Eligibility Criteria
We used the popul ation, intervention, comparison and outcomes
format [30] to delineate our inclusion criteria.

Population and Clinical Context

We included any person involved in health care provision, that
is, health care professionals or caregivers and end users
(petients). By caregivers, we mean the parents, guardians,
friends of patients, community health workers, or any other
nonclinician who provides health care. The empirical studies
in the included reviews could concern either health care
professionals or caregivers alone, or health care professionals
or caregivers and patients. They were excluded from cases in
which only the patients were concerned. We did not place
restrictions on age, gender, or health conditions. Reviews had
to cover the primary care setting [31], asit isamajor level of
health service use. Rather than targeting the physical location
of activities, wewereinterested in primary health care services,
such as health promotion and prevention, diagnosis, and
treatment of illnessand injury. By primary health care services,
we refer to family physicians, nurse practitioners, and
pharmacists who ensure the direct provision of health care
services to clients and coordinate to ensure the continuity of
care to upper levels[31].

I ntervention

We focused on implementation strategies that were
predetermined in our protocol [27] and based on the Effective
Practice and Organization of Care (EPOC) [8] to include the
following implementation strategies: audit, feedback, audit and
feedback, clinical incident reporting, monitoring the
performance of the delivery of health care, communities of
practice, continuous quality improvement, educational games,
educational materials, educational meetings, educational
outreach visits or academic detailing, clinical practice guidelines,
interprofessional education, local consensus processes, local
opinion leaders, manageria supervision, patient-mediated
interventions, public release of performance data, reminders,
routine patient-reported outcome measures, and tailored
interventions. A review may have included primary studiesthat
use exclusively 1 type of implementation strategy
(mono-faceted) or exclusively more than 1 type (multifaceted).
Within the same review, some primary studies may have used
exclusively one implementation strategy, whereas others may
have used exclusively more than one implementation strategy
(mixed). We excluded interventions that were used to develop
the knowledge product and the scaling up and sustainability of
interventions (studiesthat were housed under a separate project).
Knowledge products are tools used to share knowledge with
users [32,33]. They include tools such as clinical practice
guidelines, decision support tools, policy briefs or
decision-making tools, one pagers, and health interventions

https://www.i-jmr.org/2022/2/€38419
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(technological, pharmacological, behavioral, or management).
Intheclinical practice guidelines category, weincluded clinical
practice guidelines, disease management protocols, clinical
recommendations, and clinical procedures. For health
interventions, we included knowledge products for which the
implementation aimed to change professional behavior or
attitude (behavioral), professional competencies or processes
or quality of care (management), prescribing or testing
(pharmacol ogical), and the use of technol ogies (technol ogical).
In the shared decision-making and support tools category, we
included clinical decision support systems and tools aimed at
improving clinical decision-making. In a given SR, 1 type of
knowledge product (single) or morethan 1 type (multiple) may
have been implemented. A review was included if the
knowledge product and implementation strategies were
specified.

Comparators

We considered either usual practice (no predetermined
implementation strategies as defined previously) or any of the
predetermined implementation strategies defined earlier.

Outcomes

Our interest was focused on implementation outcomes, including
acceptability, adoption, appropriateness, feasibility, adherence
or fidelity, implementation costs, and penetration or reach of a
knowledge product, as defined in the taxonomies by Proctor et
al [34] and Lewis et a [35]. Detailed definitions are provided
in Multimedia Appendix 1. Several of these outcomes may have
been studied in the same SR.

Design of Included Reviews

We included both Cochrane and non-Cochrane SRs (with or
without meta-analyses) and mixed method reviews that used a
comprehensive and reproduci ble approach and met our inclusion
criteria. The reviews may have included one or more types of
experimental or observational primary study designs. We
excluded reviews of reviews, non-SRs, origina research,
protocols, comments, editorials, conference abstracts, working
groups and colloquium reports, experts' opinions, and pilot
studies.

Information Sources and Search Strategy

We searched MEDLINE (Ovid), EMBASE, CINAHL (EBSCO),
Ovid PsycINFO (Ovid), Web of Science (Web of Science), and
Cochrane Library (Cochrane Library) databases from their
inception to October 18, 2019, without restrictions on language
or geographic settings. We searched the bibliographies of the
included reviews to identify additional relevant ones.

We followed an extensive literature search process to identify
SRsof interventionsthat implement health knowledge products.
In March 2017, an information specialist (NR) designed the
search strategy for each database. The initial search strategy
developed in MEDLINE was reviewed and approved by some
of the team members before its translation into other
bibliographic databases by the information specialist. During
the selection process, gaps wereidentified in the search strategy.
The search strategy was modified and rerun in October 2019.
We used the following main concepts: KT, strategies, reviews,

Interact JMed Res 2022 | vol. 11 | iss. 2 [€38419 | p.53
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

health professionals, and primary care. Multimedia Appendix
2 details the search strategy for each of the aforementioned
databases. The records found were exported to the EndNote
software (Clarivate), and duplicates were removed.

Study Selection

We used Microsoft Excel developed for our review to perform
the study selection in 3 steps. First, our reviewers performed
pilot selection and held discussions regarding any discordance
to ensure a common understanding of the eligibility criteria
before subsequent steps were taken. Second, pairs of reviewers

Uwizeyeet a

independently screened the titles and abstracts. Records coded
as included or unclear were eligible for a full report review
against the inclusion criteria by pairs of reviewers. Third, full
reports were coded on one side as included or unclear and as
excluded on the other side. At each step, consensus discussions
were held to resolve disagreements. A senior reviewer validated
the final list of included SRs. We did not need to contact any
of the review authors. A flow diagram, according to the
PRISMA guidelines [29], was produced to summarize the
process of study selection (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study screening and selection.

[ Previous studies ] [

Identification of new studies via databases and registers ] [

Identification of new studies via other methods ]

Data Extraction

We used the piloted Microsoft Excel format developed for our
review to extract the data. To develop the format, we used the
taxonomies of the EPOC [8] for the categories of
implementation strategies and complemented the information
by specifying whether the implementation strategies were
mono-faceted, multifaceted, or mixed. For the outcome
definitions, we used the Proctor et a [34] and Lewis et al [35]
evaluation frameworks. These frameworks integrate more
dimensions not found in other frameworks, such as acceptability,
appropriateness, feasibility, and implementation costs. They
also provide outcome synonyms found in the literature, thus
facilitating recategorization when needed. For each outcome,
we specified whether the measurement was objective and the
measurement tools used, if reported. Evidence-based
interventions are practices in which health professionals use
available evidence-based information to make decisions for
individual patients or community health [6,36]. It operates by
appraising evidence and formulating recommendations or

https://www.i-jmr.org/2022/2/€38419
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guidelines[6,37,38] and by integrating evidence and community
preferences for policy and practice changes at the public health
level (hedlth interventions) [6,38]. We were unable to find a
formal taxonomy of knowledge products; therefore, we used
theliterature[5,6,32,33] to categorize whether they wereclinical
practice guidelines, hedth interventions, or shared
decision-making and support tools. In cases where they were
health interventions, we specified their technological,
pharmacological, behavioral, or management nature.
Furthermore, we extracted information regarding whether the
type of implemented knowledge product was single (eg, clinical
practice guidelines alone) or multiple (eg, clinical practice
guidelinesand health interventions). The population was defined
as health care professionals only or health care professionals
and patients and their number and characteristics of age and
gender were extracted where available.

To give context to our review, the following additional
information was also extracted: general characteristics of the
included review (such asyear of publication, number and names
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of databases searched, search date ranges considered, any
language restriction, method of synthesizing data, medical area
of concern, settings, designs, and number of primary studies),
whether the authors of the included reviews completed
methodological quality assessment (tools used and overall
result), whether they completed publication bias assessment
(tool used and whether any treatment was done), and whether
they completed the assessment of quality of evidence (tool used
and level of evidence by each reported outcome).

Pairs of reviewers piloted the tool on at least 2 reviews and
independently carried out extractions and validations by
comparing the extracted information. Discussionsfor consensus
were held in case of discrepancies.

Assessment of M ethodological Quality

The methodological quaity of theincluded reviewswas assessed
using A Measurement Tool to Assess Systematic Reviews
(AMSTAR; AMSTAR 2) [39]. In contrast to the first version,
this updated version allows the assessment of SRsthat include
RCTs, nonrandomized studies of health interventions, or both
[39]. We conducted a pilot phase and held discussions on
discordance. Where necessary, the pilot phase was extended
until a common understanding of the assessment criteria was
achieved. Pairs of assessorsindependently scored each of these
16 items. An overall rating was a so provided, which indicated
high (no or one noncritical flaw), moderate (more than one
noncritical flaw), low (one critical flaw with or without
noncritical flaws), or critically low (more than one critical flaw
with or without noncritical flaws) ratings [39]. Critical flaws
included protocol not registered before the beginning of the
review (standard 2), lack of adequacy and comprehensiveness
of the search strategy (standard 4), no provision of the
justification for excluding individua reviews (standard 7), the
use of an unsatisfactory technique to assesstherisk of biasfrom
individual included reviews (standard 9), the inappropriateness
of meta-analytical methods (standard 11), no consideration of
the risk of bias when interpreting the results of the review
(standard 13), and lack of suitability for the assessment of the
presence and the likely impact of publication bias (standard 15)
[39]. Reviewers compared their results and reached a consensus
in cases of disagreement by discussion or by the arbitration of
athird reviewer.

Data Synthesis

For the second phase, reanalysis by meta-analysis was not
performed [27]. Using SAS software (SAS Ingtitute Inc) and
taking theincluded review asthe unit of analysis, we performed
adescriptive analysisthat aimed to summarize the characteristics
of the implemented knowledge products, implementation
strategies used, outcomes measured, and levels of evidence
reported. We summarized the data as numbers and percentages
for categorical variables and as means and SDs or medians and
IQRs for continuous variables. Counts were performed overall
and then stratified according to methodological quality scores
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(high, moderate, low, and very low). We grouped Technol ogical
Health Interventions and Decision Support Tools as
implemented clinical decision support tools were electronic or
computerized decision support systems.

For reviews in which the level of evidence of outcomes was
measured and reported, we summarized what was reported as
the level of evidence for the reported implementation outcome
by the implementation strategy used and by the specific
implemented single knowledge product. We used the number
of outcomes as the unit of analysis.

Results

Search and Selection Process

Our database search identified 11,101 records, of which 6915
(62.29%) titles and abstracts were screened after removing
duplicates. Among these 6915, atotal of 428 (6.19%) full reports
were screened for dligibility, after which 81 (18.9%) admissible
SRsremained [40-120] (Figure 1). Thereasonsfor the exclusion
of each examined full report are provided in Multimedia
Appendix 3.

General Characteristics of the Included Reviews and
Participants

Table 1 showsthe key general characteristics of the 81 included
SRs. They were published between 1989 and 2019, with amean
of 8 (SD 5.8) years since the last bibliographic search in 2019.
The authors of SRs searched an average of 6 databases, whereas
morethan half of thereviews (41/81, 51% of the SRs) restricted
their search to SRs in the English language
[40-43,45,47,49,50,52,55-57,64,66,69-73,79,83-85,88-91,93,96-100,
104,105,107,109,114,118-120]. Individual SRsincluded amean
number of 29 primary studies. Of 81 SRs, with the exception
of 8 (10%) SRs[43,46,54,68,70,78,89,107], al remaining SRs
(n=73, 90%) included primary studies designed as RCTs.
Non-RCTs were included in 42% (34/81) of SRs
[40,42,45,48,50,51,53,55,64,67,69-74,76,79-81,83,84,88,
90-93,96,97,101,108,109,114,115]. The settings covered were
either primary or secondary health care (56/81, 69%) or primary
health care alone in 31% (25/81) of SRs
[43,45,46,48,50,52,57,71,78,81,83,86,88,90,91,95-98,
102,104-106,111,114]. A total of 58% (47/81) of SRsinvolved
health care professionals alone [40,42,44,45,49,50,53-55,
60,62,63,65-68,70,71,73-76,79,81-84,86-88,93-95,99,101,102,
107-110,112-115,117,119,120], whereas the remaining 42%
(34/81) involved hedlth care professionals and patients at the
same time. In 83% (67/81) of SRs, primary studies were
critically appraised for methodological quality [40-42,44,
45,47-53,55-68,70-87,89,91-96,99,100,102,104,106-115,117,119],
and the narrative approach was used to synthesize information
in  80%  (65/81) of SRs  [40-43,45,46,48-56,
60,62-64,66-70,72-76,78-80,83,85-101,103, 105-109,112-120].
A detailed table of the key general characteristics for each
included review isavailablein Multimedia A ppendix 4 [40-120].
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Table 1. Genera characteristics of included reviews overall and by methodological quality scores (reviews: N=81).

Characteristics Overall Methodological quality
High Moderate Low Critically low
Analyzed systematic reviews, n (%) 81 (100) 9(11) 6(7) 17 (21) 49 (61)
Age of reviews (years), n (%) 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
Value, mean (SD) 8.0(5.8) 48(3.1) 9.1(5.9) 6.0 (3.3) 9.1(6.6)
Value, median (IQR) 6.8(3.8-108) 3.8(2868  7.3(5888)  58(387.8)  7.8(3.8128)
Databases searched in included reviews, n (%) 81 (100) 9(11) 6(7) 17 (21) 49 (61)
Value, mean (SD) 6.3(3.8) 10.3 (5.6) 9.7 (4.1) 6.6 (3.3) 5.0(2.8)
Value, median (IQR) 5.0 (3.0) 7.0 (10.0) 9.5(3.0) 6.0 (4.0) 5.0 (4.0)
Search language restriction in included reviews, n (%) 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
Yes 48 (59) 1(11) 2(33) 12 (70) 33(67)
No 19 (24) 5 (56) 4(67) 4.(24) 6(12)
Not reported 14 (17) 3(33) 0(0) 1(6) 10(21)
Languagerestrictions, n (%) 48 (100) 1(2 2(4) 12 (25) 33(69)
English only 41 (85) 1 (100) 2 (100) 11 (92) 27 (82)
English and other languages 7(15) 0(0) 0(0) 1(8) 6 (18)
Primary studiesincluded in included reviews, n (%) 802 (100) 9(11) 6(8) 17 (21) 48 (60)
Value, mean (SD) 29.2 (34.7) 20.3(12.2) 16.8 (13.1) 27.2(20.3) 33.1(42.3)
Value, median (IQR) 195(10.5-345) 19.0(12.0-26.0) 14.0(8.0-19.0) 22.0(11.0-38.0) 19.0(11.0-38.0)
How many reviews included the following designs of 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
primary studiesb, n (%)
Randomized controlled trials 73 (90) 9 (100) 6 (100) 15 (88) 43 (88)
Nonrandomized controlled trials 34 (42) 2(22) 4 (67) 9(53) 19 (39)
Interrupted time series 20 (25) 4 (44) 3(50) 5(29) 8 (16)
Cohorts 11 (17) 1(11) 0(0) 2(12) 8(16)
Before-after 26 (32) 0(0) 2(33) 5(29) 19 (39)
Other 22 (27) 1(11) 0(0) 5(29) 16 (33)
Settings (health domains), n (%) 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
Primary and secondary health care 56 (69) 9 (100) 6 (100) 13 (76) 28 (57)
Primary health care only 25 (31) 0(0) 0(0) 4.(24) 21 (43)
Method of analysisfor included reviews, n (%) 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
Narrative 65 (80) 5 (56) 5(83) 15 (88) 40 (82)
Mixed synthesis 10 (12) 3(33) 1(17) 1(6) 5(10)
Meta-analysis 6 (8) 1(11) 0(0) 1(6) 4(8)
Wereprimary studiescritically appraised for method- 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
ological quality, n (%)
Yes 67 (83) 9 (100) 6 (100) 17 (100) 35 (71)
No 10 (12) 0(0) 0(0) 0(0) 10 (21)
Not reported 4(5) 0(0) 0(0) 0(0) 4(8)
Population of reviews, n (%) 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
Health care professionals only 47 (58) 6 (67) 5(83) 8 (47) 28 (57)
Health care professionals and patients 34 (42) 333 1(17) 9 (53 21 (43)

@0ne study without a number of included studies.
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bCafcegories are not mutually exclusive.

Implementation Strategies, Knowledge Products, and
Outcomes

I mplementation Strategies

In 6% (5/81) of SRs[57,98,102,110,117], all primary studies
in SR used only 1 type of implementation strategy
(mono-faceted). In 11% (9/81) of SRs
[40,58,60,66,86,89,97,111,112], al primary studies in SR
exclusively used more than 1 type of implementation strategy
(multifaceted). In the remaining 83% (67/81) of SRs, some
primary studies used 1 type of implementation strategy, whereas
others used more than 1 type of implementation strategy (mixed;
Table 2). Educational strategieswere the most frequently used,
mainly educational meetings in 74% (60/81) of SRs
[40-42,44-46,49,50,52,53,55,58-66,68-71,73-79,81-89,91,92,94-100,
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103,104,107,109,111-114,118-120], educational materials
distribution in  73% (59/81) of SRs [40-42,
44-46,48-55,58,60-66,69-71,73-77,79-81,83-89,91,92,94-97,100,
103,105,108,110,112-116,118-120] and educationa outreach
in 56% (45/81) of SRs [40-42,44,46,48,50-52,
54,55,60,63-65,69,71,73-77,79,81-83,85-88,92,94,95,97,99,
100,103-105,108,112-115,119] (Table 2). Other freguent
strategies used were reminders in 65% (53/81) of SRs
[41,42,44,47,48,50,51,53-58,60-64,66,67,69-71,73,76,77,79,81,
83,85,86,88,89,91,92,94-97,99-102,105,106,111-116,118,119],
audit and feedback for 49% (40/81) of SRs
[40,42,44,50,51,53-55,60,61,63-65,70,73,74,76,77,79,81-83,85,87,
91-94,97,99,100,104,106,111,113-116,118,119] and the use of
local opinion leaders for 43% (35/81) of SRs
[40,41,44-46,49,51,52,54,60,63,66,69,73-77,79,81,85,86,89,91,92,
94,96,97,99,105,108,109,112,118,119] (Table 2).
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Table 2. Characteristics of included reviews related to knowledge products, implementation strategies, and outcomes by methodological quality

(reviews: N=81).
Characteristics Overdl,n (%) Methodological quality, n (%)
High Moderate  Low Critically low

Analyzed systematic reviews 81 (100) 9(11) 6 (7) 17 (21) 49 (61)

Type of knowledge productsimplemented 81 (100) 9(11) 6(7) 17 (21) 49 (61)
Single 56 (69) 4(44) 4(67) 13(76) 35 (71)
Multiple 25 (31) 5 (56) 2(33) 4(24) 14 (29)

Categories of single knowledge products 56 (100) 4(7) 4(7) 13 (23) 35(63)
Clinical practice guidelines 26 (46) 0(0) 1(25) 9(70) 16 (46)
Management, behavioral, and pharmacological health interventions 24 (43) 3(75) 3(75) 2(15) 16 (46)
Health technology interventions and decision support tools 6 (11) 1(25) 0(0) 2(15) 3(8)

Types of implementation strategies 81 (100) 9(11) 6 (7) 17 (21) 49 (61)
Mixed 67 (83) 7(78) 5(83) 15 (88) 40 (82)
Multifaceted only 9(11) 2(22 1(17) 2(12) 4(8)
Mono-faceted only 5(6) 0(0) 0(0) 0(0) 5 (10)

Implementation strategies categories® 81 (100) 9(11) 6(7) 17(21) 49 (61)
Educational meetings 60 (74) 8(89) 5(83) 12 (71) 35(71)
Educational materials 59 (73) 8(88.9)  6(100) 10 (59) 35 (71)
Reminders 53 (64) 8(89) 2(33) 12 (71) 31 (63)
Educational outreach visits or academic detailing 45 (56) 5 (56) 5(83) 9(53) 26 (53)
Audit and feedback 40 (49) 6 (67) 4(67) 10 (59) 20 (41)
Local opinion leaders 35 (43) 3(33) 4 (67) 7(41) 21 (43)
Feedback 32 (40) 5 (56) 1(17) 5 (29) 21 (43)
Clinical practice guidelines 23 (28) 3(33) 1(17) 4 (24) 15(31)
Local consensus processes 18 (21) 2(22) 2(33) 2(12) 12 (25)
Tailored interventions 15 (17) 3(33) 0(0) 2(12) 10 (20)
Audit 13 (16) 1(11) 0(0) 4(24) 8(16)
Patient-mediated interventions 11 (14) 1(11) 0(0) 1(6) 9(18)
Interprofessional education 9(11) 1(11) 0(0) 3(18) 5(10)
Continuous quality improvement 9(10) 2(22) 0(0) 2(12) 5(10)
Monitoring the performance of the delivery of health care 6(7) 1(11) 0(0) 1(6) 4(8)
Managerial supervision 6(7) 0(0) 0(0) 0(0) 6 (12)
Educational games 5(6) 0(0) 0(0) 1(6) 4(8)
Communities of practice 2(3) 0(0) 0(0) 0(0) 24
Clinical incident reporting 1(1) 0(0) 0(0) 0(0) 1(2
Routine patient-reported outcome measures 1(2) 1(11) 0(0) 0(0) 0(0)
Public release of performance data 0(0) 0(0) 0(0) 0(0) 0(0)

How outcomes wer e measur ed? 81 (100) 9(12) 6(7) 17(21)  49(61)
Not reported 47 (58) 4 (44) 4(67) 7 (41) 32 (65)
Objective 29 (36) 6 (67) 4(67) 8(47) 11 (23)
Both 18(22) 1(12) 1(17) 4(24) 12 (25)
Self-administered 11 (14) 0(0) 2(33) 1(6) 8(16)

| mplementation outcomes™ 81 (100) o1y () 7Y 496D
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Characteristics Overdl,n (%) Methodological quality, n (%)

High Moderate  Low Critically low

Adoption 72(89) 8(89) 6 (100) 14 (82) 44.(90)

Other 28(35) 4.(44) 4(67) 4.(24) 16 (33)
Implementation costs 16 (20) 1(11) 2(33 3(18) 10 (20)
Acceptability 15 (19) 2(22) 2(33) 3(18) 8(16)
Fidelity 9(11) 1(11) 0(0) 1(6) 7 (14)
Penetration 6 (7) 0(0) 0(0) 0(0) 6(12)
Appropriateness 5(6) 0(0) 0(0) 1(5.9) 4(8)
Sustainability 4(5) 0(0) 0(0) 0(0) 4(8)
Feasibility 3(4) 0(0) 0(0) 0(0) 3(6)

Other outcomes? 28 4(14) 4(14) 4(14) 16 (58)
Knowledge 19 (68) 1(25) 4(100) 3(75) 11 (69)
Attitudes 10 (36) 2 (50) 2 (50) 1(25) 5(31)
Performancein atest situation 9(32 1(25) 1(25) 1(25) 6 (38)
Satisfaction 8(29) 2 (50) 2 (50) 1(25) 3(19)

8Categories are not mutually exclusive.
e Proucs D Do, S T IR sSmTT

Of the 81 SRs, 56 (69%) focused on the implementation of
single-type knowledge products, including 26 (46%) for clinical
practice guidelines [41,48,51,54-56,69,70,72-78,81,83,91,
100,101,108,110-112,114,115], 24 (43%) for hedth
interventions of management and behavioral or pharmacol ogical
nature [46,52,57-60,67,71,82,84,86,88,92,94-96,98,102-104,
106,107,113,116], and 6 (11%) for hedth technology
interventions and decision support tools [47,53,65,68,80,93].
In the remaining 31% (25/81) of SRs, multiple knowledge
products were the subjects of implementation (Table 2).

Knowledge Products by | mplementation Strategy

The strategies used varied based on the knowledge product
being implemented; clinical practice guidelineswere commonly
implemented using educational material distribution (21/26,
81%) [41,48,51,54,55,69,70,73-77,81,83,91,100,108,110,112,
114,115], reminders (20/26, 77%) [41,48,51,54-56,69,
70,73,76,77,81,83,91,100,101,111,112,114,115], and academic
detailing (18/26, 69%) [41,48,51,54,55,69,73-77,81,83,
100,108,112,114,115]. The simultaneous use of these 3
strategiesto implement clinical practice guidelineswas reported
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For health interventions of management and behaviora or
pharmacol ogical nature, the implementation strategiesincluded
education meetings (19/24, 79%) [46,52,58-60,71,
82,84,86,88,92,94-96,98,103,104,107,113], educational material
distribution  (15/24, 63%) [46,52,58,60,71,84,86,88,
92,94-96,103,113,116], and reminders (15/24, 63%) [57,58,
60,67,71,86,88,92,94-96,102,106,113,116]. Their simultaneous
use was reported in 42% (10/24) of SRs [58,60,
71,86,88,92,94-96,113].

The same pattern was observed for health technology
interventions and decision support tools implemented using
education meetings (3/6, 50%) [53,65,68], educational material
distribution (3/6, 50%) [53,65,80], and audit and feedback (3/6,
50%) [53,65,93]. The simultaneous use of these strategies has
been reported in 17% (1/6) of SRs[53].

We compared the proportions of implementation strategies used
when the population was health care professionals alone and
when the population was health care professionalsand patients.
Education meetings and academic detailing seem to be used
when the population is composed of health care professionals
alone, without any statistical significance (Table 3).
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Table 3. Implementation strategies used by type of population (reviews: N=81).

Health care professionals and patients (n=34), n (%) P vaue

Implementation strategies?® Health care professionals alone (n=47), n (%)
Education meetings 38(81)
Educational materials 37 (78)
Academic detailing 30 (64)
Reminders 30 (64)
Audit and feedback 26 (55)
Local opinion leaders 21 (45)

22 (65) 13
22 (65) 21
15 (44) a1
23 (68) 81
14 (41) 26
14 (41) 82

8Categories are not mutually exclusive.

Outcomes

The adoption of knowledge products was the commonly
measured implementation outcome in 89% (72/81) of SRs
[40-50,53,54,56-60,62-77,79-84,86-88,90-95,97-113,115-120],
followed by implementation cost in 20% (16/81) of SRs
[42,43,47,50,61,73,78,85,87,90,97,99,106,108,112,114], and
acceptability in 19% (15/81) of SRs
[40,43,47,50,58,61,70,89,96,97,107,108,114,115,118].
Knowledge (19/81, 24%) and attitudes (10/81, 12%) were the
other outcomes reported (Table 2). Further details are provided
in Multimedia Appendix 5 [40-120].

Quality Assessment for the Included Reviews

Of the 81 included SRs, 15 (19%) received scoresthat indicated
high or moderate methodol ogical quality
[40,44,58,60-65,67,84,87,92,94,108]. The remaining 81%
(66/81) received scores that indicated low or very low
methodological quality (Table 1). The quality was lowered by
3 criteria: lack of reporting on the funding sources of the studies
included in the reviews (73/81, 90%), nonprovision of the list
of excluded studies (with reasons for their exclusion;
58/81,72%), and no statement on the existence of the protocol
or methodology before the conduct of the review (49/81, 61%;
Figure 2). Details for each included SR are provided in
Multimedia Appendix 6 [40-120].

Figure 2. Number of included systematic reviews by A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2) methodological quality items
and rating scores. PICO: patient or population, intervention, comparison, and outcomes; RoB: risk of bias.

1. Did the research questions and indusion criteria for the review incude the components of PICO?

2. Did the report of the review contain an explicit statement that the review methods were established

prior to the conduct of the review and did the report justify any significant deviations from the...

3. Did the review authors explain their selection of the study designs for inclusion in the review?

4, Did the review authors use a comprehensive literature search strategy?

5. Did the review authors perform study selection in duplicate?

6. Did the review authors perform data extraction in duplicate?

7. Did the review authors provide a list of excluded studies and justify the exclusions?

8. Did the review authors describe the included studiesin adequate detail?

9. Did the review authors use a satisf; ¥ i for ing the RoBin indivi

were included in the review?

studies that

10. Did the review authors report on the sources of funding for the studies induded in the review?

11. if meta-analysis was performed did the review authors use appropriate methods for statistical
combination of results?

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in
individual studies on the results of the meta-analysis or other evidence synthesis?

13. Did the review authors account for RoB in individual studies when interpreting and discussing the
results of the review?

14. Did the review authors provide a satisfactory expl; ion for, and di
observed in the results of the review?

ion of, any h ity
15. If they performed quantitative synthesis did the review authors camry out an adequate investigation
of publication bias (small study bias) and discuss its likely impact on the results of the review?

16. Did the review authors report any potential sources of conflict of interest, including any funding
they received for conducting the review?

72
36
23 a7 [
61
a7
23
55 16 |10 |
8
11 67 B
56
54
9 67 B
69
H Yes Partial yes No meta-analysis conducted H No ‘
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Reported Effectiveness of Implementation Strategies
and L evel of Evidence of Outcomesin the Included
Reviews

We synthesized the evidence by combining information on the
reported level of evidence for the outcomes measured, among
single knowledge products implemented, and by the
implementation strategy used (Table 4). For SRsinwhich single
knowledge products were implemented (56/81, 69%), the level
of evidence wasreported in 10 SRswith 62 specified outcomes
(Table 4). Of these, 50 outcomes were related to the
implementation of clinical practice guidelines in 6 SRs
[74,77,83,91,110,114], 5 outcomes on management and
behavioral or pharmacologica health interventions in 3 SRs
[60,67,103], and 7 outcomesfor health technology interventions
or decision support toolsin one SR [47] (Table 4).

Regarding clinical practice guidelines (50 outcomes with the
level of evidence reported), the following implementation
strategies were used: educational material distribution for 42%
(21/50) of outcomes|[74,77,83,91,110], 71% (15/21) were about
adoption [74,77,83,91,110], and 27% (4/15) provided a high or
moderate level of evidence [77,91,110]; educational meetings
for 30% (15/50) of outcomes [74,77,83,91], all were about
adoption, 13% (2/15) provided a high or moderate level of
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evidence [74,77]; audit and feedback for 26% (13/50) of
outcomes [74,77,83,91], all were about adoption, 23% (3/13)
of them provided a high or moderate level of evidence
[74,77,91]; and reminders for 24% (12/50) of outcomes
[77,83,91]; al were about adoption, 33% (4/12) provided ahigh
or moderate level of evidence[77,91] (Table 4).

For management and behavioral or pharmacological health
interventions, educational meetingswere evaluated for all 100%
(5/5) of outcomes [60,67,103], all were about adoption, and
20% (1/5) of them provided ahigh or moderate level of evidence
[103]. Feedback was evaluated for 80% (4/5) of outcomes
[60,67,103]; all were about adoption, and 25% (1/4) provided
ahigh or moderate level of evidence [103] (Table 4).

Health technology interventions or decision support tools used
reminders for 100% (7/7) of outcomes [47], 43% (3/7) for
acceptability [47], with 33% (1/3) providing ahigh or moderate
level of evidence [47]; furthermore, there were 29% (2/7) for
implementation costs [47], with 50% (1/2) providing a high or
moderatelevel of evidence[47]. In addition, feedback was used
for 86% (6/7) of outcomes [47], 33% (2/6) for acceptability
[47], with 50% (1/2) providing a high or moderate level of
evidence [47]; furthermore, there were 33% (2/6) for
implementation costs [47], with 50% (1/2) providing a high or
moderate level of evidence [47] (Table 4).
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Table 4. Reported level of evidence for measured outcomes for single knowledge products and by implementation strategies used (outcomes. N=62).

K nowledge products, implementation strategies®, and categories of outcomes>© Level of evidence

Clinical practice guidelines (n=50 outcomes)
Educational meetings (n=15)
Adoption (n=15)

Educational materials (n=21)
Adoption (n=15)

Knowledge (n=3)

High (n=1)
Moderate (n=1)
Low (n=12)
Very low (n=1)

High (n=1)
Moderate (n=3)
Low (n=10)
Very low (n=1)

Moderate (n=2)

« Low(n=1)
Performancein atest situation (n=2) « Low(n=2)
Satisfaction (n=1) « Low(n=1)
Reminders (n=12)
Adoption (n=12) o High(n=1)
e Moderate (n=3)
e Low (n=7)
o Verylow (n=1)
Educational outreach visits or academic detailing (n=6)
Adoption (n=6) « High(n=1)
e Moderate (n=1)
« Low (n=3)
« Verylow (n=1)
Audit and feedback (n=13)
Adoption (n=13) « High(n=1)
«  Moderate (n=2)
« Low(n=9)
o Verylow (n=1)
Local opinion leaders (n=4)
Adoption (n=4) « High(n=1)
« Moderate (n=1)
« Low(n=2)
Feedback (n=12)
Adoption (n=12) « High(n=1)
e  Moderate (n=1)
« Low(n=9)
« Verylow (n=1)
Clinical practice guidelines (n=3)
Adoption (n=3) « High(n=1)
« Low(n=1)
« Verylow (n=1)

L ocal consensus processes (n=3)

Adoption (n=3)

Moderate (n=1)
Low (n=2)

https://www.i-jmr.org/2022/2/€38419

RenderX

Interact JMed Res 2022 | vol. 11 | iss. 2 [e38419 | p.62

(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Uwizeyeet a

K nowledge products, implementation strategies®, and categories of outcomes>©

Level of evidence

Tailored interventions (n=5)

Adoption (n=5)

Audit (n=11)
Adoption (n=11)

I nterprofessional education (n=3)

Adoption (n=3)

Continuous quality improvement (n=10)

Adoption (n=10)

Monitoring the performance of the delivery of health care (n=3)

Adoption (n=3)

Management and behavioral or phar macological health interventions (5 outcomes)
Educational meetings (n=5)
Adoption (n=5)

Educational materials (n=2)
Adoption (n=2)

Reminders (n=2)

Adoption (n=2)

Educational outreach visits, or academic detailing (n=2)

Adoption (n=2)

Audit and feedback (n=1)
Adoption (n=1)

L ocal opinion leaders (n=1)

Adoption (n=1)

Feedback (n=4)
Adoption (n=4)

L ocal consensus processes (n=2)

High (n=1)
Moderate (n=2)
Low (n=1)
Very low (n=1)

High (n=1)
Moderate (n=1)
Low (n=8)
Very low (n=1)

« High(n=1)
« Low(n=1)
« Verylow (n=1)

« High(n=1)
« Low (n=8)
« Verylow (n=1)

« High(n=1)
« Low(n=1)
« Verylow (n=1)

« Moderate (n=1)
« Low (n=3)
« Verylow (n=1)

« Moderate (n=1)
« Verylow (n=1)

e Low(n=1)
« Verylow (n=1)

« Moderate (n=1)
« Verylow (n=1)

« Verylow (n=1)

« Verylow (n=1)

«  Moderate (n=1)
« Low(n=2)
« Verylow (n=1)
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K nowledge products, implementation strategies®, and categories of outcomes>©

Level of evidence

Adoption (n=2)

Patient-mediated interventions (n=1)

Adoption (n=1)

« Moderate (n=1)
« Verylow (n=1)

«  Moderate (n=1)

Health technology interventions and decision support tools (7 outcomes)

Reminders (n=7)

Acceptability (n=3)

Adoption (n=1)

Fidelity (n=1)

Implementation costs (n=2)

Feedback (n=6)

Acceptability (n=2)

Adoption (n=1)

Fidelity (n=1)

Implementation costs (n=2)

Clinical practice guidelines (n=1)

Implementation costs (n=1)

« Moderate (n=1)

« Low(n=2)
« Low(n=1)
« Low(n=1)

« Moderate (n=1)
« Low(n=1)

« Moderate (n=1)

« Low(n=1)
« Low(n=1)
« Low(n=1)

« Moderate (n=1)
« Low(n=1)

« Moderate (n=1)

8Categories are not mutually exclusive.
bpositive outcome (eg, increase in adoption and increase in knowledge).

Cwithin the same review, it may have implemented 1 type of single knowledge product (eg, clinical practice guidelines) but used different specific
practices (eg, genera obstetric care guidelines and emergency obstetric care guidelines). Although these practices may report the same category of
implementation outcome (eg, adoption), if those practices presented and reported different levels of evidence specific for each one (eg, low for general
obstetric care guidelines and moderate for emergency obstetric care guidelines), then their outcomes were extracted separately and analyzed separately.

Discussion

Principal Findings

In this paper, we report the results of an SR of SRs, thus
providing a detailed portrait of (1) the knowledge products or
innovations implemented in primary health care, (2) the
implementation strategies used by health care professionasin
primary care, and (3) implementation outcomes evaluated as
well astheir reported level of evidence in primary care.

The findings of this review will be used to inform future SRs
of RCTs on the effectiveness of implementation strategies for
specific knowledge products.

In thisreview, which summarized atotal of 81 studies, for most
(56/81, 69%) of the included SRs, only 1 type of knowledge
product (single) was implemented, the majority of which were
clinical practice guidelines or health interventions (of
management and behavioral or pharmacological nature).
I mplementation strategies commonly combine education-based

https://www.i-jmr.org/2022/2/€38419
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strategies (material distributions, meetings, and outreach),
reminders, and audits and feedback. Improvement in the
adoption of knowledge products was the most measured
outcome.

Education-based strategies, audits, feedback, and reminders
were mainly used to improve the adoption of clinical practice
guidelines and health interventions related to management,
behavior, or pharmacology. In contrast, reminders and audit
and feedback were used to improve the acceptability and
implementation costs of health technology interventions. The
reported effectiveness of these strategies was of a high or
moderate level of evidence in afew cases and of alow or very
low level of evidence in most cases.

Comparison With Prior Work

Clinical practice guidelines and management, behaviora or
pharmacological health interventions, and health technology
interventions and decision support tools have been devel oped
toimproveclinica practiceand patient health outcomes. Despite
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their comparable effectiveness, the level or degree of
implementation varies widely. For instance, as seen in this
review, health technology interventions and decision support
tools appear to belessimplemented or lessfrequently reported.
This does not mean that they are less developed than other
knowledge products, but they are probably less commonly
addressed in formal research or possibly less known by end
users. Theseinterventions, which are generally in the format of
mobile-based or computerized-based interventions, are created
to accelerate the accessibility and use of KT interventions. A
decade ago, such interventions were considered new in the
health domain, and it was reasonabl e that they were minimally
implemented [65]. Currently, it is unclear why this situation
persists, when health technology interventions and decision
support tools are generally recognized as important aspects of
care and the way of the future. The reasons may be attributed
to the policy-making and funding level (health technologiesare
often short-term projects, ie, no long-term vision, nonexistence,
and unpredictable changesin policies and regul ations, financial
congtraints, eg, affordability, lack of infrastructure [such as
office space, supplies, equipment, etc], human resource
avalability, and digital literacy) [121,122], or the
implementation level (unawareness of the technol ogy, perceived
usefulness, ie, acceptability, etc) [121,122]. Finally, barriers
may differ across settings and cultures [121,122].

The predominance of education-based, reminder, and audit and
feedback implementation strategies suggests that they were
prioritized based on existing barriers and facilitators of the
implementation of the mentioned knowledge products. In fact,
some of the most recent systematic and scoping reviews on the
topic highlighted a lack of both provider awareness and
knowledge of the existence of guidelines, and unfavorable
attitudes about them [123-125], in response to which educational
and audit and feedback strategies were judged to be suitable
[123,125]. In contrast, alack of accessto guidelinesand limited
time available to providers was also mentioned [124,125],
thereby calling for the use of decision support systems or
reminders [125]. However, it is important to know whether
these strategies are effective in implementing knowledge
products. The included SRs demonstrated an all-directions
effect, which was sometimes consistently positive or negative,
or inconsistent, depending on factors such as single versus
combined strategies[41,50,71,100] or type of comparator [110].
For example, in a study by Al Zoubi et a [41], single
educational strategies appeared to have a small effect, whereas
multifaceted strategies that combine educational strategies and
other types of strategies, such asreminders, appeared to be more
effective, although inconsistent. Kovacs et al [81] found the
opposite result, showing that a single intervention is more
effective. Others found that effectiveness may depend on the
format in which education strategies are delivered; for example,
by multimedia and computers [96].

Adoption, which is also referred to as “uptake or utilization,”
is“the intention, initial decision, or action to try or employ an
innovation or evidence-based practice” [34]. This outcome
occurs early or in the middle of the implementation process, is
preceded by acceptability and appropriateness, and occurs at
thesametime asfeasihility, followed by fidelity, implementation
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costs, penetration, and sustainability [34]. All proxima and
distal implementation outcomes areimportant for measurement.
The ongoing focus of the literature on the proximal outcome of
adoption ismore easily understood for recently introduced health
technology interventions and strategies but is more difficult to
explain when traditional strategies, such as education, are
predominantly used.

Regarding the level of evidence of effectiveness, very few SRs
have evaluated the level of evidence, as most reviews are
narrative. The authors were unable to perform meta-analyses
owing to high heterogeneity. In contrast, among thefew reviews
that assessed the level of evidence, most scored a low or very
low grade. This makes it difficult to recognize potentially
effective strategies and calls for more methodologically strong
SRsto abtain reliable conclusions on the topic.

Strengthsand Limitations

One strength of this SR is its broad objective, which included
all EPOC strategies used to implement a variety of health
knowledge products, with consideration given to the different
implementation outcomes. No type of health care provider was
excluded, and even if our target was primary health care, most
included SRs covered both primary and secondary health care
settings. We did not target any health area. We performed an
extensive search and included both Cochrane and non-Cochrane
reviews. It has been estimated that including only Cochrane
reviews may lead to aloss or change in amedian of 31% of the
outcome data [126]. The objective of this phase was to
characterize rather than measure effectiveness. Both types of
SRs offered a large database of 81 reviews for future projects
dealing with individual, unique RCTs. Therefore, we believe
that our conclusions can be applied to many different contexts.

Few of the included reviews were of high or moderate
methodological quality. The criteria lowering the scores may
belinked to the unavailahility of reporting guidelines at thetime
of publication or nonadherence to those guidelines when they
were available. As per many other overviews, we used the
AMSTAR tool and, as suggested, did so in adual independent
team format with a consensus process [25]. It is also possible
to excludereviews based on methodological quality issueswhen
the aim is to produce a detailed picture of atopic [127], asin
our case.

With regard to the quality and completeness of the extracted
information, in many of the included SRs, the categories of
knowledge products, implementation strategies, and outcomes
were not reported as per the standard taxonomies used, thereby
requiring us to recategorize. This may have introduced some
misclassification of information. We addressed this issue and
its potential impact on our conclusion by piloting our data
extraction process and reaching a consensus for all
disagreements (by reviewing the discordant information
together).

Inthefield of overviews, overlapping occurs when one primary
study isincluded in more than one review or when more than
onereview addressesthe sametopic [128]. We cannot guarantee
that our review will be free of overlapping issues. In addition,
we did not evaluate the quality of evidence of outcomesfor the

Interact JMed Res 2022 | vol. 11 | iss. 2 |€38419 | p.65
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

included reviews, as we did not intend to demonstrate the
effectiveness of the interventions. These 2 issues will be
addressed in future projects on the effectiveness of strategies
using the design of SRs of individua RCTs. For the
comprehensiveness of our strategy, we searched 5 key databases
inthefield of intervention studies. In addition, we searched the
referencelistsof all included SRs. However, gray literature was
not searched. For efficiency considerations, it was planned to
update the search strategy in phase 3 of the project to avoid
missing any recently published RCTs on the effectiveness of
implementation strategies. We could look for gray literaturein
this phase.

Conclusions and Future Directions

Through this SR of SRs, we demonstrated that in the field of
implementation, clinical practice guidelines and management,
behavioral, or pharmacol ogica health interventionsare the most
commonly implemented knowledge products, mainly through
educational, reminder, and audit and feedback implementation
strategies. However, the literature still focuses on the proximal
outcomes of improving the adoption of knowledge products,
generally with alimited level of evidence.

This SR aimed to provideinsight into which knowledge products
are frequently implemented, how they are implemented
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(implementation strategies), and the implementation outcomes
measured, rather than providing information on the effectiveness
of the implementation strategies. Therefore, in this step, we do
not suggest changes in practice; rather, this review provides a
good foundation for planning future research on effectiveness.
Only detailed and contextualized information on knowledge
products and implementation strategies will lead to changesin
practice.

We constructed adatabase of SRsthat may be used to strengthen
the methodology for the SR of RCTs to overcome the issue of
the variable effectiveness of commonly used implementation
strategies, such as educational, reminder, and audit and feedback
strategies. Future well-designed SRs of RCTs should fully
describe the implementation strategy attributes of dose and
intensity, format and duration of delivery, geographic location
of interventions, and so on. In addition, qualitative studies and
reviews involving a variety of collaborators from different
domains and levels should be conducted to better understand
the barriers and facilitators that contribute to why health
technology interventions remain poorly implemented. Future
implementation research should explore the entire cascade of
implementation outcomes, including proxima and distal
outcomes.
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Abstract

Background: The challenges presented by the COVID-19 pandemic have led to unprecedented global research activity. The
Eastern Mediterranean Region (EMR) continues to contribute to COVID-19 research driven by the unique challenges of the
region, including the protracted conflicts, already stressed health systems, and serious health and social inequalities.

Objective: This study aimsto provide an overview of the publication activities and trendsin COVID-19 research in the EMR
from the onset of the disease to early 2022 using bibliometric methods.

Methods: A literature search using Scopuswas conducted from December 1, 2019, to January 31, 2022, using keywords relevant
to COVID-19 and the World Health Organization (WHO) EMR country list. Data were exported and analyzed using Microsoft
Excel and the Citation Overview function on Scopus. The quality of journals was determined using SClmago Journal Rank and
CiteScore. VOSviewer software was used to visualize the relationships between authors, countries, and key terms used in the
retrieved documents.

Results: A total of 6880 documents were retrieved, of which 1805 (26.24%) were from the Kingdom of Saudi Arabia (KSA)
and 1782 (25.90%) from Iran, followed by Pakistan, Egypt, and Jordan. Most published documents were affiliated with EMR
universities, primarily the Tehran University of Medical Sciencesin Iran and King Saud University in KSA (396/6880, 5.76%,
and 370/6880, 5.4%, respectively), while only 407 (5.92%) of 6880 documents were associated with universities outside the
EMR. For most of the identified publications (5020/6880, 72.97%), no funding source was reported, while King Saud University
contributed the largest share (282/1860, 15.16%) of funded publications. Retrieved documents were cited 53,516 times, with an
average of 7.78 (SD 34.30). Iran was the EMR country with the most links to other countries (77 links and total link strength of
1279). The 5 authors with the most publications were from KSA, Qatar, and Jordan. There were 290 high-frequency keywords
that occurred =10 times and were linked in 7 different clusters. The cluster with the most linked keywords was related to
epidemiology and mortality. Recent topics included vaccines, vaccination, machine learning, and online learning.

Conclusions: Thisisthe first study to show trends in and project future developments of COVID-19 research activity in the
EMR. Authors and institutions who led research on COVID-19 in the region were from Iran and KSA. There were multiple
regional collaborative efforts; however, international collaboration was limited. Recently, interest has been shifting toward topics
related to vaccination, machine learning, and online learning. Understanding the current state of research isinstrumental to future
research production, and our study will inform regional research initiatives on emerging concepts, as well as opportunities for
collaboration and funding.
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Introduction

The COVID-19 pandemic continues to be a major global
challenge, placing a heavy burden on the economy, socia life,
public health systems, and the delivery of health servicesin all
countries worldwide [1]. Despite the rapid development of
various vaccines to prevent severe illness and treatment
modalities, the world still faces numerous challenges in
controlling COVID-19 and itsimpacts[1]. Disparitiesin global
access to vaccines, increasing vaccine hesitancy, impractical
long-term implementation of preventive public health measures,
and the continuous emergence of new variants are some of these
challenges [1-3]. The Eastern Mediterranean Region (EMR)
remains a high risk of COVID-19 case surges with the
associated short- and long-term consequences primarily dueto
the combination of the aforementioned causes, added to which
are the specific regional environment with protracted conflicts;
high denial attitude toward the pandemic; chronically stressed
health systems; and the presence of health, economic, and social
inequities [4-7].

As of April 1, 2022, there have been 21,576,432 confirmed
casesand 340,628 desths attributable to COVID-19intheEMR
[8]. The EMR has a population of nearly 700 million peoplein
22 countries with high susceptibility to infectious diseases due
to numerous political, economic, social, cultural, and
human-animal interactions [5,9]. Almost 40% of the world's
population in need of humanitarian assistancelivesinthe EMR
and is at high risk of coronavirus transmission and associated
severe consequences due to owverpopulation, suboptimal
sanitation, a high caseload of noncommunicable diseases
(NCDs), and limited resources and health system capacity [5].
Furthermore, a number of EMR countries have limited testing
facilities, weak health system infrastructure and response, and
inadequate vital registration and documentation, all of which
have been associated with the possibility of underreporting or
undertesting or both of COVID-19 cases [4,5,10]. The
introduction of vaccination programsin the EMR continues to
be hampered by logistical, economic, security, and population
hesitancy issues, as well as reaching people living in
hard-to-reach areas [11].

COVID-19 had a strong impact on scientific publications
worldwide, as evidenced by the rapid increase in the volume
and pace of COVID-19 publications, with many journals
dedicating special sections or issuesto COVID-19, even at the
expense of other topics[12,13]. The COVID-19 crisis has aso
stimulated an unprecedented level of multidisciplinary research
involving not only those with a direct interest in COVID-19
research and health, such as virologists, epidemiologists, and
clinicians, but also researchers from diverse fields, such as
artificial intelligence and business [14,15]. The projected
long-term impact of COVID-19 and the fact that it affects
multiple areas of life have led to a burst of studies examining
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theimpact of COVID-19 on many nonmedical and nonclinical
research areas, such as education, business and management,
tourism, and agricultural food supply [16-19]. The global
research funding mechanisms and magnitude have a so changed.
Between the beginning of January 2020 and July 2021, more
than US $21.7 trillion was reportedly committed globally to
different COVID-19 activities according to data analysis on
Devex’sfunding platform [20]. Some governmentswith limited
fiscal space or limited prearranged funding sources had to
reall ocate their existing budgets and all ocate fundsto COVID-19
studies, even at the expense of other disease control programs,
such as for malaria and HIV/AIDS in Africa [21,22]. In the
EMR, COVID-19 research has flourished, with countries and
organizations dedicating specia effort, in addition to technical
and financial support for such research [23,24]. Our aim isto
provide an overview of the published research activities and
trends in COVID-19 research in the EMR by applying
bibliometric methodsto identify research collaborations, trends,
and emerging research themes.

Methods

Search Strategy

We conducted a literature search on January 31, 2022, using
the Scopus database, covering the period from December 1,
2019, to January 31, 2022. Scopus was chosen for its data
mining and bibliometric functions, as well as its compatibility
with Visualization of Similarities Viewer (VOSviewer) software.
Additionally, Scopusisthe largest indexing database, combining
the characteristics of both PubMed and Web of Science, and
thus allowsfor enhanced utility, both for literature research and
academic needs, including citation analysis [25]. As Scopus
does not use subject headings but instead assigns index terms
to papers, our search query included thefield code KEY, which
combines both author keywords and indexed terms [26]. Our
search query included keywords relevant to COVID-19 and the
World Health Organization (WHO) list of countriesintheEMR
(Multimedia Appendix 1) [27]. Keywords for COVID-19
included “severe acute respiratory syndrome coronavirus-2,”
“SARS-CoV-2” “sars-2,” and “2019-nCoV,” as well as the
words*“novel,” “new,” “2019,” “Wuhan,” “Hubei,” and “China”
adjacent to the words “coronavirus’ and “COVID.” We
additionally used wildcards and truncations, as needed, to refine
the search. We limited the search to papers, reviews, chapters,
and books published in English, associated with any of the EMR
countries. We included both published papers and papers in
press (accepted for publication by ajournal but not assigned to
a specific journal issue).

Scientific Literature Bibliometric Indicators

We exported the data from Scopus to Microsoft Excel and
calculated the following bibliometric indicators: number of
documents published by publication stage (in press or
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published), number of open-access documents, number of
documents by type of publication (original paper, review, book
chapter, book), number of documents by year, number of
documents published per country, number of documents
published per author, humber of documents published per
organizational affiliation (publications combined into 5
categories of affiliations: universities in the EMR, universities
outsidethe EMR, ministriesof healthinthe EMR, health centers
inthe EMR, global health agencies), number of documents per
funding source, number of documents per journal, and number
of documents published by subject category as indexed by
Scopus.

Citations and Quality Assessment

The Citation Overview function in Scopus enabled us to
determine the mean, median, and range of citations of all
retrieved documents, as well as identify the topmost cited
documents. Additionally, author details were reviewed on
Scopus to determine the topmost productive authors’ H-index
and citation score.

We assessed the quality of the most productive journals on the
topic of COVID-19inthe EMR using the 2021 SClmago Journal
Rank (SJIR), CiteScore (CS), and the Source-Normalized Impact
Per Paper (SNIP). The SIR is based on centrality concepts and
datafrom Scopus, and it limits self-citations and falsely inflated
quality ranks, whilethe CS gives acomprehensive, transparent,
and current view of ajournal’simpact [28]. SNIPisalso based
on data from Scopus, and it measures impact by weighing
citations based on the total number of citationsin asubject field,
enabling direct comparison of sourcesin different subject fields
[29]. Using the SCimago ranking website, we identified the
subject area of each journal and its corresponding SIR rank
divided into 4 equal quartiles, with Q1 comprising the quarter
of the journals with the highest values, Q2 the second-highest
values, Q3 the third-highest values, and Q4 the lowest values
[30].

Visualization of Similarities

To analyze and visualize rel ationships among authors, countries,
and the key terms used in the retrieved publications, we exported
the citation information, bibliographical information, abstracts
and keywords, and funding details and included references from
Scopus into VOSviewer v.1.6.16 (Centre for Science and
Technology Studies, Leiden University) [31].

In constructing the networks and maps, we used a clustering
resolution of 1 and a minimum cluster size of 12 to eliminate
small clusters, and we illustrated each cluster (eg, group of
linked authors, countries, or keywords) using a different color.
We scaled the maps based on document weights, unless
otherwise specified, so the diameter of each label denotes the
number of occurrences of the author, country, or keyword
specified by the label, in the documents, and the distance
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between 2 labels represents the degree to which they are
associated [32].

Coauthorship network analysiswas performed based on the full
counting method. When we used authors asthe unit of analysis,
we excluded papers authored by >25 authors, and we set both
the minimum number of papers published by an author and the
minimum number of citations of an author at 5 to identify
prominent authors who have published on the topic. When we
used countries as the unit of analysis, we excluded papers
authored by >25 countries and only included countrieswith =5
published papers. We did not place arestriction on the number
of citations during the countries coauthorship analysis. We
identified the number of coauthorship links countries have with
one another and the total strength of the links using the “links’
and the “total links strength” attributes provided by VOSviewer.

To identify trending topics relating to COVID-19 in the EMR,
we used co-occurrence analysis of author keywords occurring
at least 10 times in publications. We excluded the names of
countries and regions from the list of keywords to focus on
scientific themes, and we also excluded al synonyms of
COVID-19, which might obscure the results. We applied
normalization based on the association strength to eliminate
redundancy in similar keywords that define the same concept.
Additionally, we mapped the keyword co-occurrence using
overlay visualization to determine the evolution of themeswith
time.

Results

Volume and Type of Publications

Our search retrieved 6880 documents. Most were published
documents, and only 586 (8.52%) were still in press. Almost
5439 (79.05%) of 6880 documentswere open-access documents,
and about 6182 (89.85%) were origina papers. Reviews and
book chapters constituted only 9.29% (639/6880) and 0.86%
(59/6880), respectively. The mgjority of documents (4630/6880,
67.30%) were published in 2021, whereas 1851 (26.90%) and
39 (0.57%) were published in 2020 and 2019, respectively.
Since the beginning of 2022 and until January 31, 2022, 360
(5.23%) documents have been published.

Publication Distribution by Country

Most publications on COVID-19 in the EMR were from the
Kingdom of Saudi Arabia(KSA) and Iran (1805/6880, 26.24%,
and 1782/6880, 25.90%, respectively). This was followed by
Pakistan (1043/6880, 15.6%), Egypt (805/6880, 11.70%), and
Jordan (552/6880, 8.02%). Eight other EMR countries produced
>100 publications each: the United Arab Emirates (UAE), Qatar,
Irag, Morocco, Oman, Kuwait, Tunisia, and Palestine. However,
5 EMR countries produced <55 publications (ie, Afghanistan,
Djibouti, Somalia, Libya, and Syria), where each contributed
to <1% (n=3-51) of the overall publication output (Figure 1).
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Figure 1. Number of published documents on COVID-19 by country in the EMR. EMR: Eastern Mediterranean Region.
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Publication Distribution by Affiliation

Each publication had 1 or more institutional affiliations. Most
of the published documents were associated with 117
universities in the EMR, with 396 (5.76%) and 370 (5.4%) of
6880 documents being associated with the Tehran University
of Medical Sciencesin Iran and King Saud University in KSA,
respectively (Table 1). Of the 6880 identified publications, only
407 (5.92%) were associated with other universities outside the
EMR (n=12), most notably the Universiti Sains Malaysia and
Johns Hopkins School of Medicine, each associated with 38
(0.55%) of the 6680 documents.

With regard to affiliations with health centers, 10 health centers
from the region were associated with publications on COVID-19
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in the EMR, half of which were located in KSA (5/10, 50%),
namely King Faisal Specialist Hospital and Research Centre,
King Abdulaziz Medical City Riyadh, King Fahad Medical
City, Johns Hopkins Aramco Healthcare, and King Saud
Hospital Riyadh. These 5 health centers, in addition to the Imam
Khomeini Hospital in Iran, were each involved with more than
50 publications on the topic.

Ministries of health, including those of KSA, Oman, Kuwait,
and Iran, were associated with around 392 (5.69%) of the
published 6880 documents, with the Saudi Ministry of Health
being the major contributor of 276 (70.41%) of 392 documents.
The only international health agency that was associated with
COVID-19~¢elated research in the EMR was WHO, being a
contributor to 62 (0.90%) of 6880 documents.
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Table 1. EMR? universities associated with more than 150 published documents on COVID-19 in the EMR.
University Country Documents(N=6880), Total citations, Total citations, excluding self- H- index
n (%) N citations, n (%)
Tehran University of Medical Sciences Iran 396 (5.76) 3875 3322 (85.7) 35
King Saud University KSAD 370 (5.38) 2953 2552 (86.4) 26
Shahid Beheshti University of Medical Sciences  Iran 316 (4.59) 2959 2645 (89.4) 27
King Abdulaziz University KSA 272 (3.95) 2012 1734 (86.2) 23
Iran University of Medical Sciences Iran 229 (3.33) 2644 2288 (86.5) 25
Cairo University Egypt 190 (2.76) 2219 2115 (95.3) 14
Jordan University of Science and Technology ~ Jordan 183 (2.66) 1331 1180 (88.7) 19
Shiraz University of Medical Sciences Iran 181 (2.63) 2069 1907 (92.2) 23
University of Jordan Jordan 163 (2.37) 2567 2300 (89.6) 21
Imam Abdulrahman Bin Faisal university KSA 161 (2.34) 660 582 (88.2) 13
King Saud bin Abdulaziz University for Health KSA 157 (2.28) 1169 1046 (89.5) 18

Sciences

3EMR: Eastern Mediterranean Region.
bk SA: Kingdom of Saudi Arabia.

Source of Funding

Most of the identified publications did not report a source of
funding (5020/6880, 72.97%). However, of those that did, most
werefunded by King Saud University (282/1860, 15.16%). The
majority of those funded by King Saud University were
published in 2022 (183/282, 64.89%). Additionally, Shahid
Beheshti University of Medical Sciencesin Iran, King Abdulaziz
City for Science and Technology in KSA, and King Abdulaziz
University in KSA each funded more than 50 publications on
the topic (55/1860, 3.00%; 51/1860, 2.74%,; and 51/1860, 2.74%,
respectively), and most of these funded papers were published
in 2022 (98/157, 62.42%).

The US National Institutes of Health (NIH) and the National
Natural Science Foundation of China each funded 37 (2%) of
1860 publications. WHO funded 31 (1.67%) of 1860
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publications, of which 12 (38.71%) were published in 2020 and
13 (41.94%) in 2021.

Most Productive Citing Journals

Of the 6821 papers published in journals, 3279 (48.07%) were
published in 169 distinct scientific journals, whereas the source
of the rest was not defined. The top 15 most productive journals
on thetopic of COVID-19in the EMR published 1023 (31.20%)
of the 3279 papers (Table 2). Their median 2021 CS and 2021
SIR were 4.5 (range 1.0-18.8) and 0.986 (range 0.283- 2.656),
respectively. Of these journals, the International Journal of
Environmental Research and Public Health (CS=4.5,
SJR=0.814) published the maximum papers on COVID-19 in
the EMR (155/1023, 15.15%). Most of the top publishing
journals were categorized as medical journals or health-related
journals, except for 1 journal, Sustainability Switzerland, which
focuses on energy, environmental science, and social sciences.
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Table2. The2021 CS?, S]Rb, SNIP®, H-index, subject areaand category, and Scimajo 2020 quarter of the 15 most productive journals on COVID-19

inthe EMRC.
Journal Papers (N=3279), CS SIR SNIP H-index Subject area: category; 2021 quarter®
n (%) 2021 2021 2021
International Journal of Envi- 155 (4.72) 45 0814 144 138 . Environmental science: health, toxicology and mu-
ronmental Research and tagenesis, pollution; Q2
Public Health «  Environmental science: health, toxicology, and mu-
tagenesis, Q1
«  Maedicine: public health, environmental and occupa-
tional health; Q2
PLoSONE 126 (3.84) 5.6 0.852 1.368 367 «  Multidisciplinary; Q1
Frontiersin Public Health 100 (3.05) 4.0 1.298 1.949 64 «  Maedicine: public health, environmental and occupa-
tional health; Q1
Journal of Infection and Pub- 85 (2.59) 8.0 1277 2018 46 « Maedicine: infectious diseases, Q1
lic Health «  Maedicine: miscellaneous, public health, environmen-
tal and occupational health; Q1
Annals of Medicine and 63 (1.92) 14 0.373 0.965 30 . Maedicine: miscellaneous, surgery; Q3
Surgery
Vaccines 58 (1.77) 45 1.004 1.167 50 «  Immunology and microbiology: immunology; Q2
«  Maedicine: pharmacology; Q1
« Maedicine: infectious diseases; Q2
»  Pharmacology, toxicology, and pharmaceutics: drug
discovery, pharmacology; Q1
International Journal of Infec- 56 (1.71) 10.8 1433 2494 104 «  Maedicine: infectious diseases, miscellaneous, micro-
tious Diseases biology; Q1
Disaster Medicineand Public 54 (1.65) 38 0723 1.011 47 «  Maedicine: public health, environmental and occupa-
Health Preparedness tional health; Q2
Environmental Scienceand 49 (1.49) 6.6 0831 1154 132 «  Environmenta science: environmental chemistry
Pollution Research and pollution; Q2
«  Environmental science: health, toxicology, and mu-
tagenesis; Q1
«  Medicine: miscellaneous; Q2
Pan African Medical Journal 48 (1.45) 1.0 0.283 0.509 36 «  Maedicine: miscellaneous; Q3
BMC Public Health 47 (1.43) 4.9 1.156 1.703 159 «  Maedicine: public health, environmental and occupa-
tional health; Q1
Risk Management and 46 (1.40) 21 0.556 1.007 29 «  Maedicine: hedth policy, public hedlth, environmenta
Healthcare Policy and occupationa health; Q2
Sustainability Switzerland 46 (1.40) 5.0 0664 131 109 «  Energy: energy engineering and power technology,
renewable energy, sustainability, and the environ-
ment; Q2
«  Environmental science: miscellaneous, management,
monitoring, policy and law; Q2
«  Socia sciences: geography, planning and devel op-
ment; Q1
Frontiersin Psychology 45 (1.37) 4.0 0.873 1.605 133 «  Psychology: miscellaneous; Q1
Journal of Medical Virology 45 (1.37) 18.8 2656 2.756 137 «  Immunology and microbiology: virology; Q1

« Maedicine infectious diseases; Q1

&Cs: CiteScore.
bSIR: SCI mago Journal Rank.

®SNIP: Source-Normalized Impact per Paper.
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9EMR: Eastern Mediterranean Region.

®The 2021 quarter corresponds to the SIR quartile rank per subject area, divided into 4 equal quartiles, with Q1 comprising the quarter of the journals
with the highest values, Q2 the second-highest values, Q3 the third-highest values, and Q4 the lowest values.

o . Of the 4211 documents categorized under medicine, 131
Publications by Subject Category (3.11%) to 232 (5.51%) were labeled with index terms related
Each published document was categorized under 1 or more to disease prevention, 120 (2.85%) to 262 (6.22%) with terms
subject category in Scopus. Most of the retrieved documents  related to vaccination, 119 (2.83%) to 263 (6.25%) with terms
(4211/6880, 61.21%) were categorized under medicine. related to treatment, 117 (2.78%) to 329 (7.81%) with mental
Approximately 915 (13.30%) were categorized under social  health—related issues, 149 (3.34%) to 443 (10.52%) with disease
sciences and 627 (9.11%) under immunology and microbiology.  severity terms, and 255 (6.56%) to 443 (10.52%) with mortality

index terms (Table 3).
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Table 3. Number of documents categorized under medicine and indexed with the index terms related to disease prevention, vaccination, treatment,

mental health, disease severity, and mortality.

Index terms

Documents (N=4211), n (%)

Disease prevention
Quarantine
Prevention and control
Infection prevention
Lockdown
Socia distancing
Handwashing

Vaccination
Vaccination
SARS-CoV-2 vaccine
Vaccine

Treatment
Hydroxychloroquine
Lopinavir
Azithromycin
Treatment outcome
Antivirus agent

Mental health
Anxiety
Psychology
Depression
Mental health
Mental stress
Stress

Disease severity
Disease severity
Hospitalization
Intensive care unit
Hospital admission
Length of stay

Mortality
Mortality
Mortality rate

232 (5.51)
229 (5.44)
172 (4.08)
167 (3.97)
149 (3.54)
131 (3.12)

262 (6.22)
156 (3.70)
120 (2.85)

263 (6.25)
160 (3.80)
146 (3.47)
122 (2.90)
119 (2.83)

329 (7.81)
272 (6.46)
266 (6.32)
259 (6.15)
121 (2.87)
117 (2.78)

443 (10.52)
383(9.10)
327 (7.77)
249 (5.91)
149 (3.54)

443 (10.52)
255 (6.56)

Citation Metrics

The retrieved documents received a total of 53,516 citations,
with an average of 7.78 (SD 34.30) citations per document
(median 1, range 0-1462). The number of documents receiving
=10, =50, 2100, or =500 citations was 1112, 186, 78, and 5,
respectively. Around 2758 (40.09%) of the 6880 publications
had O citations.

The 3 most cited documents were all open-access multicountry
collaborations, with the citation frequency equivalent to the

https://www.i-jmr.org/2022/2/e38935

99th citation benchmarking percentile. The most cited document
was “Physical Distancing, Face Masks, and Eye Protection to
Prevent Person-to-Person Transmission of SARS-CoV-2 and
COVID-19: A Systematic Review and Meta-Analysis,” which
was a collaborative work between the American University of
Beirut in Lebanon and researchersfrom Ontario, Canada, funded
by WHO and published inthe Lancet in 2020. It received atotal
of 1462 citations (n=1459, 99.8%, excluding author
self-citations).
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The second-most cited article was “The Fear of COVID-19
Scale: Development and Initial Validation,” which was
published in 2020 in the International Journal of Mental Health
and Addiction and was a collaboration between 3 universities
in Iran (Tabriz University of Medical Sciences, Qazvin
University of Medical Sciences, and Bagiyatallah University
of Medical Sciences) and Nottingham Trent University in the
United Kingdom, Jonkoping University in Sweden, and the
Hong Kong Polytechnic University. It received atotal of 1174
citations (n=1092, 93.01%, excluding self-citation by authors).

The third-most cited publication was “The SARS, MERS and
Novel Coronavirus (COVID-19) Epidemics, the Newest and
Biggest Global Health Threats: What Lessons Have We
Learned?,” which was published in the International Journal
of Epidemiology. From the EMR, the National University of
Medical Sciences in Pakistan and the Ofogh Kourosh Chain
Stores in Iran collaborated with several other countries. This
publication was funded by the National Key Research and
Development Program of China. This study received atotal of
664 citations (n=661, 99.54%, excluding self-citation by authors)
and was published in 2021.

The top 5 most published authors, each publishing more than
25 documents on the topic (range 25-37), were from KSA (2
authors), Qatar (2 authors), and Jordan (1 author). Two of the
authors, onefrom KSA and another from Qatar, were associated
with their respective Ministry of Health, while the rest were
associated with universities or medical centers in the region.
Their average H-index on Scopus was 60 (SD 34; median 49,

Figure 2. VOSviewer network of author coauthorship map representing

Saad et d

range 12-96), and their median citation frequency reported on
Scopus was 10,094 (range 421-93,585).

Visualization of Similarities and Associations

Coauthorship

A total of 26,798 authors were identified to have worked on
publications with <25 authors. Of those, 796 (2.97%) met the
threshold of having published =5 papers on the topic and being
cited =5 times. Of the 796, 719 (90.33%) authorswere connected
in a total of 16 different clusters (Figure 2). Similarly, 285
countrieswere identified to have coauthored publications (with
<25 countries per publication). Of those, 82 (28.77%) countries
had =5 papers published on the topic and were connected in 4
clusters (Figure 3). In both figures, the size of the circles
represents the number of documents published by the author or
country, and the thickness of the lines depicts the size of the
collaboration between the authors or countries (Figures 2 and
3, respectively).

With regard to connections and collaborations, the EMR country
with the most connections to other countries was Iran, with 77
links and a total link strength of 1279. KSA and Egypt came
second, with 76 links each and atotal link strength of 1759 and
1251, respectively. Pakistan had 75 links and atotal link strength
of 1247, the UAE had 68 linkswith atotal link strength of 833,
and Jordan had 66 links with a total link strength of 815. The
United States and the United Kingdom had the most
collaboration links (81 and 78, respectively), with alink strength
of 1776 and 1361, respectively (Figure 4).

16 clusters of collaborations on COVID-19 research in the EMR. Included

authors (N=719) were those with at least 5 publications, with up to 25 authors per publication, and who had been cited at least 5 times. EMR: Eastern

Mediterranean Region; VOSviewer: Visualization of Similarities Viewer.
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Figure 3. VOSviewer network of country coauthorship map weighed by the number of documents and representing 4 clusters of collaborations on
COVID-19 research in the EMR. Included authors (N=82) were those with at least 5 publications, with up to 25 countries collaborating per publication.
EMR: Eastern Mediterranean Region; VOSviewer: Visuaization of Similarities Viewer.
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Figure4. VOSviewer network of country coauthorship map, weighted by the total link strength, representing 4 clusters of collaborationson COVID-19
research in the EMR. Included countries (N=82) were those with at least 5 publications, with up to 25 countries collaborating per publication. EMR:
Eastern Mediterranean Region; VOSviewer: Visuaization of Similarities Viewer.
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Co-occurrence mortality. The second cluster included anxiety and depression,

which were the two most occurring keywords, occurring 260
Therewere 290 high-frequency keywords, occurring210times,  and 198 times, respectively (Table 4). The most recent themes
linked in 7 distinct clusters (Figure 5). The cluster containing  included vaccines, vaccination, machine learning, and online
the most connected keywords was related to epidemiology and  |egrni ng (Figure 6).
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Figure5. VOSviewer network of author keyword co-occurrence map weighted by occurrence, representing 7 clusters of keywordsrelating to COVID-19
researchinthe EMR. Included keywords (N=290) were those occurring at least 10 times. EMR: Eastern Mediterranean Region; VOSviewer: Visualization
of Similarities Viewer.
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Table 4. The 15 most occurring author keywords, with their frequency of occurrence, total link strength, and cluster number to which they belong.

Author keyword Frequency of occurrence Total link strength Cluster number
Anxiety 260 573 1
Depression 198 454 1
Knowledge 178 406 2
Mental health 160 288 5
Mortality 153 186 3
Stress 147 346 6
Public health 135 163 4
Epidemiology 115 140 3
Attitude 111 246 2
Lockdown 107 126 4
Vaccine 98 128 6
Health care workers 95 151 1
Children 84 76 3
Online learning 80 73 7
Quarantine 78 120 4
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Figure 6. VOSviewer overlay visualization of author keyword relating to COVID-10 research in the EMR, weighted by occurrence and scored by the
average publications per year. Included keywords (N=290) were those occurring at least 10 times. EMR: Eastern Mediterranean Region; VOSviewer:

Visualization of Similarities Viewer.
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Discussion

Principal Findings

The COVID-19 pandemic has led to unprecedented global
research activity. To the best of our knowledge, our bibliometric
analysis is the first to quantify the published literature on
COVID-19 research that has been conducted by countries in
the EMR up until early 2022. We provided a descriptive
evidence-based analysis of the published research, identifying
leading countries and organizational affiliations, with
visualizations of collaborations and evolution of COVID-19
research output. Research on COVID-19in the region has been
led by authors and ingtitutions from Iran and KSA. There were
multiple regional collaborative efforts, however, international
collaboration is limited. Output focuses on COVID-19
epidemiology, mortality, and anxiety and depression. Recently,
interest has been shifting more toward topics related to
vaccination, machine learning, and online learning.

Our results show that KSA and Iran are leading COVID-19
research in the EMR in terms of the number of publications.
These results are not surprising, as KSA aso leads the
COVID-19 publicationsin the Arab world, with a35.65% share
of research production [33], and Iran has been the largest
contributor to biomedical and health research in the EMR, with
a 39% share during 2004-2013 [34].

The high number of COVID-19 research publications in both
countries, especialy by their leading universities (Tehran
University of Medica Sciencesin Iran and King Saud University
in KSA), is due to many factors. First, both countries have
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relatively large populations, 35 million and 84 million in 2020,
respectively [35], and both were among the countries most
affected by the pandemic in theregion, especialy Iran [8]. Since
the beginning of the pandemic and until April 1, 2022, more
than 7 million confirmed COVID-19 cases were reported in
Iran [8], which is the highest number in the region. The rapid
spread of the disease in Iran in several waves was associated
with many unique political, social, cultural, economic, and
religious dimensions[36], providing astimulating environment
for research activities. For example, religious tourism in Qom,
apilgrimage sitein Iran, which continued during the pandemic,
was amajor source of spread to other Iranian cities, Pakistan,
and KSA in the early stages of the pandemic [37-39]. In KSA,
mass gathering events, such as Umrah and Hajj, which were
put on hold during the pandemic, may have also contributed to
the high number of publications, not because of the high risk
of transmission, but because of the successful measures that
K SA took to prevent the progression of the COVID-19 pandemic
locally and globally [39-41].

Second, both countries have invested extensively in the needed
resources for medical and scientific research along the years.
Iran has built alarge human resource capacity with its unique
Iranian Ministry of Health and Medical Education and its
mandatory and credit-based continuing education programsfor
physiciansfor relicensing, along with the increasing number of
Iranian journalsindexed ininternational databases[42-44]. KSA
has also rapidly become amajor player in scientific researchin
the EMR, as research and devel opment (R& D) is 1 of themain
pillars of the Saudi Vision 2030, with the specific goal of having
at least 5 Saudi universities among the top 200 in the world by
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2030 [45,46]. These reasons may also explain why countries
with fragile health systems, war torn, or with limited resources,
such as Afghanistan, Djibouti, Somalia, Libya, and Syria, were
less research-productive, although the number of casesin these
countries may be higher than that officialy reported and
mandates further investigations.

Nevertheless, neither Iran nor KSA was reported to be at the
top of the global COVID-19 literature in a recent global
bibliometric analysis [47]. This adds to previous findings
showing that the EMR share in global health research
publications is low [34]. It is worth noting that Iran and KSA,
like many other countries, faced various economic challenges
during the pandemic that may have affected their research
capacities. KSA was severely affected economically dueto the
radical declinein the global demand for oil, in parallel with the
global economic recession, which was reflected in the sharp
decline in ail prices during the first and second waves of the
pandemic [48]. COVID-19 has also severely affected the lranian
economy, exacerbated by the concomitant international sanctions
[49]. Generally, evidence shows that more support is needed
for biomedical and hedth research in many of the EMR
countries and institutions, especially those identified in our
analysis as |east productive.

International collaboration in COVID-19 research appears to
be low in the EMR, as only 5.92% of the publications were
associated with universities outside the EMR. The pandemic
has shown that gapsin global cooperation, whether in research
and information sharing, vaccine devel opment and deployment,
or travel policy, have affected the speed and equity of the global
recovery [50]. In our study, the United States and the United
Kingdom were at the center of collaboration and had the most
extensive collaboration with EMR countries in COVID-19
research, similar totheir rolein COVID-19 research in the Arab
world [33]. This could be due to the fact that both countries are
among the top countries in scientific research [51] and
specifically ingloba COVID-19 research [47]. The cross-border
international flow of knowledge in the form cross-affiliation
among researchers in the EMR with different international
entities can be explained in severa ways. First, the United States
and the United Kingdom were by far the largest health donors
to global health in 2019, with US $8.1 hillion and US $2.9
billion, respectively [52], and when it comes to a donor-funded
research project, most research funders require publication as
acondition of agrant [53], triggering a cascade of cross-border
research publications. Second, the United Kingdom and the
United States have a network of research-intensive universities
and scholarships, and both countries are hubs for international
students, including those from the EM R, which could encourage
cross-border collaboration. For example, the number of KSA
students in the United Kingdom ranked eighth among
international students from non—European Union countries,
according to Higher Education Statistics Agency statistics for
2020/2021 [54]. In the United States, the number of KSA
students ranked fourth among international students for the
2019-2020 academic year [55].

Most of the identified publications did not report a funding
source, which could be due to limited funding opportunities or
simply the likely dominance of cross-sectional studies and

https://www.i-jmr.org/2022/2/e38935

Saad et d

reviews, which are relatively less expensive, take less time to
conduct, and require less infrastructure than, for example,
clinical trials or prospective cohort studies [56]. The limited
funding opportunitiesin the EMR may berelated to the chronic
underinvestment in research and development systems in the
region, both financially and politically [57], exacerbated by the
economic damage caused by the COVID-19 pandemic and the
overreliance of some regional countries on external funding
[58], although some major donors, such asthe United Kingdom,
have recently reduced their external funding [59]. Studies have
also shown that research in the health care sector is not a top
funding priority for governments, the private sector, or
organizations in the EMR [57] and that R&D spending as a
percentage of the gross domestic product (GDP) in the region
isamong thelowest in theworld, despite significant differences
in the GDP among member countries [58,60,61]. In EMR
countries, R& D spending as a percentage of the GDP ranged
from as low as 0.02% in Syria and Sudan in 2015 and 2019,
respectively, to 1.3% in the UAE in 2018 compared to the global
average of 2.27% in 2018 [58,61].

In our analysis of institutions funding COVID-19 research in
the EMR, we found that 3 of the top 4 funders are from KSA,
which is not surprising, given that KSA’'s spending on R&D as
a percentage of the GDP was 0.82 in 2013 [61] and islikely to
increase, given that KSA's GDP is till high [60], and the 2030
vision for R&D to increase universities competitiveness and
ranking will continue to create a more favorable environment
for research [45].

Network analysis of coauthorship showed that the COVID-19
flow of information between EMR authors comes from alarge
and highly interconnected network with few isolated and small
clusters. This indicates a high level of regional collaboration,
either because of prepandemic collaboration and networking or
because of governments and organizations' role in fostering
collaboration since the onset of the pandemic. Regarding
linkages, Iran had the most connections, consistent with another
study showing that Iranian researchers have well-established
international collaborationswith leading countriesin COVID-19
research [49].

Cultura differences could possibly have shaped COVID-19
research collaborationin EMR countries, which can be explained
by Hofstede'stheory of cultural dimensions[62]. A recent study
analyzing research collaboration in the area of business and
economicsby 11 countries, including Iran from the EMR, before
and after the onset of the pandemic, showed that Hofstede's
uncertainty avoidance domain significantly influences the
characteristics of research collaboration networks [63].
Uncertainty avoidance explains how cultures adjust to change
and cope with uncertainty [62], and the pandemic has caused
major changes and uncertainties at all levels of society
worldwide [64]. However, using cross-national data from
different EMR countries and interpreting them in the context
of Hofstede's model of cultural dimensions will provide more
accurate results and explore more detail s of theimpact of culture
on COVID-19 research collaboration in the EMR.

Evaluation of the co-occurrence network for keywords showed
that the EMR COVID-19 research covers a wide range of
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COVID-19—elated areas. The most prevalent keywords were
anxiety and depression, which may be related to the global
increase in both conditions during the pandemic [65,66],
especialy inthe EMR, given the limited mental health services
and widespread stigma [67]. In addition, the EMR is fertile
ground for high exposure to misleading and unknown
information, which may exacerbate the status of mental disorders
[68]. Recently developing topicsin EMR COVID-19 research
include vaccines, immunization, machine learning, and online
learning. However, future research needs to address other
underresearched topics, such as ethics, infodemiology, and the
human-animal interface, in line with EM R-specific challenges
and the recent recommendation of the WHO Research and
Innovation Report for COVID-19 [69-71].

Limitations

Our study was limited by factors that are inherent to its
bibliometric nature, including the lack of ability to assess the
quality of published documents; the fact that the number of
citations may be mideading; and authors, countries, or
institutions publishing early in 2020 are more likely to be cited
than authors, countries, or institutions publishing in 2022.
Additionally, within the EMR, a number of documents are
published in Arabic, or other local languages, and in local
journals and thus might not beindexed by Scopus and so would

Saad et d

have been missed by this analysis. As is the case with other
bibliometric studies, the results are dependent on the indexing
of the databases, and even though Scopus was used for this
bibliometric study, it should not be considered acomprehensive
source of al published literature.

Conclusion

The magjority of available research on COVID-19 in the EMR
is published by authors and institutions from Iran and KSA,
with a paucity of publications from other EMR countries.
Studies from these other countries are crucial to identify
context-specific public health challenges and determine
culturally and socially appropriate interventions and best buys.
There were multiple regional collaborative efforts; however,
international collaboration waslimited, even though apandemic
isan opportunetimefor international communitiesto joinforces.
Recently, and in line with global interest, regional interest has
been shifting more toward topicsrelated to vaccination, machine
learning, and online learning. This gradual shift to relatively
new concepts can be considered a major step in the forward
move of the state of knowledge of the EMR. Understanding the
current state of research is instrumental to future research
production, and our study will inform regional research
initiatives on emerging concepts, as well as opportunities for
collaboration and funding.
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Abstract

Background: COVID-19 spreads via aerosol droplets. The dental profession is at high risk of contracting the virus since their
work includes treatment procedures that produce aerosols. Teledentistry offers an opportunity to mitigate the risk to dental
personnel by allowing dentists to provide care without direct patient contact.

Objective: The purpose of this scoping review was to examine the implementation, challenges, strategies, and innovations
related to teledentistry during the COVID-19 pandemic lockdown.

Methods: This scoping review evaluated teledentistry use during the pandemic by searching for articlesin PubMed and Google
Scholar using the search termstel edentistry, tele-dentistry, covid-19, coronavirus, teleheal th, telemedicine, and dentistry. Inclusion
criteria consisted of articles published in English from March 1, 2020, to April 1, 2022, that were relevant to dentistry and its
speciaties, and that included some discussion of teledentistry and COVID-19. Specifically, the review sought to explore teledentistry
implementation, challenges, strategiesto overcome challenges, and innovative ideas that emerged during the pandemic. It followed
the 2020 Preferred Reporting Items for Systematic reviews and Meta-Analyses for Scoping Reviews (PRISMA-ScR). This
approach is organized into 5 distinct steps: formulating a defined question, using the question to develop inclusion criteria to
identify relevant studies, an approach to appraise the studies, summarizing the evidence using an explicit methodology, and
interpreting the findings of the review.

Results: A total of 32 articleswasincluded in this scoping review and summarized by article type, methodol ogy and population,
and key points about the aims; 9 articleswere narrative review articles, 10 were opinion pieces, 4 were descriptive studies, 3 were
surveys, 2 were integrative literature reviews, and there was 1 each of the following: observational study, systematic review, case
report, and practice brief. Tel edentistry was used both synchronously and asynchronoudly for virtual consultations, often employing
commercial applications such asWhatsApp, Skype, and Zoom. Dental professionals most commonly used tel edentistry for triage,
to reduce in-person visits, and for scheduling and providing consultations remotely. Identified challenges included patient and
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clinician acceptance of teledentistry, having adequate infrastructure, reimbursement, and security concerns. Strategies to address
these concernsincluded clinician and patient training and utilizing Health Insurance Portability and Accountability Act-compliant
applications. Benefits from teledentistry included providing care for patients during the pandemic and extending care to areas

lacking access to dental care.

Conclusions: Pandemic lockdowns led to new teledentistry implementations, most commonly for triage but also for follow-up
and nonprocedural care. Teledentistry reduced in-person visitsand improved accessto remote areas. Challenges such astechnol ogy
infrastructure, provider skill level, billing issues, and privacy concerns remain.

(Interact J Med Res 2022;11(2):€39955) doi:10.2196/39955
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Introduction

COVID-19 started in Wuhan, China in December 2019 and
quickly spread worldwide [1]. Though genetically similar to
SARS coronavirus 2, COVID-19 developed different
characteristics, namely rapid upper respiratory tract replication
and asymptomatic transmission [2]. Transmission occurs by
droplets spread from infected individual s coughing and sneezing
[3,4]. Individuals then contract the infection from droplet
inhalation or by direct contact of the virus with mucous
membranes (eg, oral cavity, nose, and eye) [1,3,4]. Many
countries employed lockdowns to mitigate viral spread,
including the United Statesin March 2020 [5].

Transmission through respiratory dropletsisaconcern for dental
professiona sand their staff since dental procedures can produce
aerosols, which increase the risk of spreading COVID-19 [6].
During the pandemic lockdown, it was important for dental
clinics to remain operational to meet community needs. Most
dental clinics provided urgent care but deferred elective
procedures to reduce disease spread. One option, teledentistry,
or the provision of dental care through distance technology,
became a significant tool for triaging patients and providing
dental care in a safe environment [7].

Telemedicine is defined as the practice of using
videoconferencing technol ogiesto diagnose and provide advice
about treatment over a distance [8]. In the late 1980s,
teledentistry was first introduced as a subcategory of
telemedicine [8]. Since its introduction, improved technology
has made it possible for more dental patients to be managed
without an in-person visit. Jampani et al [8] recognized
teledentistry as a way to increase consultation capabilities
through the sharing of photos, radiographs, and clinical
information; improving communication between dental
professionals, and extending care for patients living in rura
areas where specialists may not be readily accessible.
Prepandemic, teledentistry emerged as a method for triaging
patients and providing long-distance care [7]. However,
compared with other health care disciplines, dentistry has been
dower to utilize telemedicine and adopt teledentistry as a
mainstream tool [9].

The COVID-19 pandemic and lockdowns generated unparalleled
economic and social disruption, creating an opportunity for
expanding telemedicine[10]. In oral hedth, teledentistry became
one strategy to mitigate the pandemic's impact by reducing
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face-to-face visits while supplementing patient care [11]. The
wider use of teledentistry during the pandemic makes it
important to understand issues related to its enhanced use.

The purpose of this scoping review wasto eval uate teledentistry
use during the pandemic. Specifically, the review sought to
answer the following 4 questions:;

1. How wasteledentistry implemented during the COVID-19
pandemic?

2. What challenges occurred when implementing teledentistry
during the COVID-19 pandemic?

3. What strategies were used to overcome these challenges?

4. Were there innovative ideas resulting from the
implementation of teledentistry?

Methods

Scoping reviews map the available evidence of a content area.
They are useful for identifying knowledge gaps, generating new
research questions, guiding practice, and informing policy
makers about an emerging area [12]. This scoping review
explored the implementation and expansion of teledentistry
during the COVID-19 pandemic.

The review followed the 2020 Preferred Reporting Items for
Systematic reviews and Meta-Analyses for Scoping Review
(PRISMA-SCR; Multimedia Appendix 1) [13]. This approach
is organized into 5 distinct elements or steps. formulating a
defined question, using the question to develop inclusion criteria
toidentify relevant studies, an approach to appraise the studies,
summarizing the evidence using an explicit methodology, and
interpreting the findings of the review.

To identify relevant articles, 2 authors (MN and TNP)
systematically searched PubMed and Google Scholar to identify
potentially relevant literature. Google Scholar was included
since the growing literature supports the val ue of incorporating
Google Scholar in relationship to other indexing databases such
as PubMed [14,15]. For theinitial step, we used the following
article search terms. ((teledentistry) OR (tele-dentistry) OR
(telehealth) OR (telemedicine)) AND ((covid-19[MeSH Terms])
OR (coronavirus)) AND (dentistry)) AND ((*2020/03/01" [Date
- Publication]: “2022/04/01" [ Date - Publication])). To broaden
the search and capture other articles meeting the inclusion
criteria, 2 authors (MN and TNP) reviewed the bibliographies
of articles obtained from theinitial search for additional papers
that might be relevant to the review.
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Inclusion criteriaconsisted of (1) articles published from March
2020 (the start of the pandemic lockdown in the United States)
to April 2022 that evaluated the implementation or the
discussion of teledentistry, (2) articles published in English, (3)
articles relevant to dentistry or its specialties, (4) publications
in a peer-reviewed journal, and (5) content related to the
COVID-19 pandemic. Articles with little or no mention of
teledentistry or articles that did not link to any of the research
questions (ie, the implementation of teledentistry, challenges
with implementation, strategies to address challenges, and
innovative models of teledentistry) were excluded. Earlier
teledentistry reviews noted a paucity of published research and
that a substantial portion of publications was descriptive [9].
Therefore, to capture al the peer-reviewed teledentistry
literature that addressed the study aims, this review included
descriptive studies and review articles in addition to
hypothesis-driven research. To explorethe views of teledentistry
thought leaders, the search also included opinion pieces such
as essays, editorials, and lettersto the editor.

After obtaining abstracts for the identified articles, 2 authors
(MN and TNP) reviewed them for possible inclusion. Full-text
articles of these abstracts were retrieved and reviewed by 2
authors (MN and TNP) to determine if an article met the
inclusion criteria. If the authors MN and TNP differed about
including an article, they discussed and resolved these
differences. If authors encountered difficulties with classifying
specific articles or research methodol ogy, authors MH and M SL
were consulted for guidance. After al the articles were
identified, authors MN and TNP separately read each articleto
identify key points that addressed the study questions. After
identifying key points, authors MN, TNP, and MSL reviewed
the key points and resolved any differences. MH reviewed the
final table for consistency and quality.

https://www.i-jmr.org/2022/2/e39955
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Results

Search Strategy

The flow chart in Figure 1 outlines the search strategy and
reasons for excluding articles. Three reviewers (MN, TNP, and
MSL) systematically appraised each article using a
comprehensive form that included the full article citation,
country, thetype of article, asummary of key points, and, when
applicable, the study population and research methodology. In
addition, the authors used a checklist to ensure that each article
contained key points related to one or more of the scoping
review questions identified in the study aims. Following their
independent review, the reviewers discussed any disagreements
and achieved consensus. As part of this discussion, the authors
noted that recurring key points emerged and noted the key points
for each research question. For example, 3 recurring key points
emerged for the question “How was teledentistry implemented
during the COVID-19 pandemic?’: (1) modalities of
teledentistry, (2) the applications and programs used to
implement teledentistry, and (3) the reasons for using
teledentistry. Articles addressing multiple study aims were
reported for each aim they addressed.

Multimedia Appendix 2 details the 32 articles that met the
selection criteria. Of the 32 articles, 10 were opinion pieces, 9
were narrative review articles, 4 were descriptive studies, 3
were surveys, 2 were integrative literature reviews, and there
was 1 each of the following: observationa study, systematic
review, case report, and practice brief. The papers represented
severa countriesincluding 8 from the United States, 5 from the
United Kingdom, 4 from Italy and India, and 2 each from Brazil,
the Kingdom of Saudi Arabia, and Canada. The remaining
articles came from Pakistan, Iran, Hong Kong, Romania, and
Malaysia.
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Figurel. PRISMA flowchart for article selection. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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How Was Teledentistry Implemented During the
COVID-19 Pandemic?

Many dental offices and institutions temporarily halted elective
treatment to reduce COV1D-19 spread and to preserve the supply
of personal protective equipment. From the review, 3 groups
of recurring items for teledentistry implementation emerged:
(1) modalities such as synchronous and asynchronous, (2) the
applications and programs used to implement tel edentistry, and
(3) the reasons for using teledentistry.

Live consultations (synchronous) or store-and-forward
(asynchronous) use were discussed by 15 articles. Live
consultations provided patients with the opportunity to interact
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with clinicians in real time, while in the store-and-forward
option, patients provided photos, videos, texts, or voice
messages that allowed cliniciansto evaluate apatient’s concern
at a convenient time and the ability to share images or
radiographs with colleagues [5,16-25]. Radiographs used for
teledentistry visits were prepandemic radiographs, and the
inability to obtain new or additiona images via virtual
appointments was noted as a barrier to teledentistry [17,26]. If
new or additional radiographswere required, patients scheduled
an in-person visit for radiographic imaging [20,23].

The second recurrent item category was the type of applications
and programs used to implement teledentistry. The most
mentioned applications were WhatsApp, Skype, Zoom, and
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Google-related services [16,17,19,24,26-35]. Less common
were Mobile Mouth Screening Anywhere, aprogram specifically
designed to detect oral cancer via photos uploaded by patients;
avideo platform called Video 4 Health used in conjunction with
ateletrailer program, Telegram; Attend Anywhere; Facetime;
and Hedth Insurance Portability and Accountability Act
(HIPAA)—compliant programs such as Mailgate SC, Doxy.me,
WebEx, Virtru, MD Office Mail, and LuxSci [5,27,36,37].
Teledentistry for orthodontics used programs that tracked the
progress of orthodontic treatment. Dental Monitoring, which
applies artificial intelligence to monitor patients progress
remotely, was used in Italy and the United States[22,29]. Other
telecommunication  platforms included GoToMeeting,
BlueJeans, Microsoft Teams, and ReadyTalk [22]; Dentulu and
Toothpick were used for scheduling orthodontic consultations
[22]. Other applications mentioned included Smile Virtual,
Review Tool, Smile Snap, and Rhinogram, all of which provide
different features while allowing the cliniciansto recruit patients
asynchronously [22]. Teledentistry applications for patient
management included TeleDent, Teledentix, and Carstack
programs[22]. Features among these applications ranged from
allowing clinicians to upload hygiene and health instructions,
uploading documents for signatures, sending messages to
patients, allowing patients to schedule appointments, and
facilitating both synchronous and asynchronous consultations
[22].

Thethird recurring item category was reasons for implementing
teledentistry and included treatment, maintaining dental services,
and triage. Two articles specifically focused on treating patients.
In a pilot study based in Italy, Giudice et al [16] followed 2
groups of patients, one with urgent needs and a posttreatment
group following ahead and neck procedure, using tel edentistry
for initial consultations and WhatsApp to view pre- and
postoperative radiographs and photographs. In Italy, Barca et
al [31] used teledentistry for postoperative follow-up of
precancerous lesions and for those with suspected oncological
pathology or urgent head and neck concerns. These authors
utilized WhatsApp or Telegram for text messaging and for
transmitting imagesto assist in diagnosing, devel oping treatment
plans, monitoring postoperative sites, and foll owing suspicious
lesions [31].

Other authors highlighted the integration of teledentistry into
their existing systems to help maintain dental services during
the COVID-19 pandemic. In the United Kingdom, Crawford
and Taylor [5] described Attend Anywhere, a hospital-based
teledentistry program, as a “virtual clinical system” supported
by the National Health Service with YouTube tutorialsto assist
users. They provided video consultationsfor emergency clinics,
new patient clinics, and multidisciplinary team clinics [5].
During a consultation, the dental professionals verified the
patient’s identity, took a history, and, when needed, asked
patients to email pictures to a secure account [5]. The dental
professional s either managed the patient virtually or triaged the
patient for an in-person appointment with an appropriate
provider [5]. Gleeson and Kals [37] discussed Attend
Anywhere's ability to provide remote clinical consultation for
patientswith complex restorative needsf and patient satisfaction.
In Brazil, physicians used telemedicine networks to provide
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coverage for all State municipalities. One network was
Tele(oral)medicine [23], which had a goal of collecting data
and communicating with dental professionals, who could make
care recommendations and, for urgent issues, expeditereferrals
[23].

In India, the Armed Forces utilized teledentistry to triage
patients [17], provide advice, and prescribe analgesics and
antibiotics [17]. Patients contacted dental professionals using
either the WhatsA pp messenger application or email [17]. Dental
professionals evaluated the patient’s concern and triaged the
patient into either “ Emergency Dental Treatment,” “ Dependent
Denta Centre,” or “Advice & Self Help” [17]. For example, if
a patient reported difficulty swallowing or uncontrolled
bleeding, the patient was referred for “Emergency Dental
Treatment” [17], while those with less severe pain or dental
traumacould bereferred to a* Dependent Dental Centre.” Milder
symptoms might be managed virtualy through advice and
self-help [17]. At the University of California San Francisco, a
retrospective chart review found Tele(oral)medicine via Zoom
helpful for pain management after aninitial visit[26]. A United
States study discussed integrating teledentistry into everyday
private practice to mitigate pandemic-imposed restrictionsusing
teledentistry both synchronously and asynchronously. The
integration of teledentistry into the practice provided triage,
some limited care, and hygiene assessments, as well as
facilitating consultations with specialists[20]. Another pediatric
and orthodontic practice separated dental professionals and staff
members into 3 rotating teams [33] to answer calls and emails
from patients. Patients could send photos and be followed up
by phone, email, or video consultation using Zoom or FaceTime
[33]. Researchers from Malaysia implemented Mobile Mouth
Screening Anywhere, aweb-based application that hel ps assess
oral lesions. The app allows patients to upload photos of oral
lesions and ask clinical questions; dental professionals review
the data and provide recommendations [36].

Pediatric teledentistry applications and implementation were
discussed by 3 articles[19,21,38]. Nuvvulaand Mallineni [19]
proposed using applications such as Facebook Messenger,
Instagram, Skype, and WhatsApp to assess urgency and the
appropriate response. One author in the United Kingdom used
teledentistry to determine whether a patient required urgent or
routine in-person care and if the case merited referral to other
departments[21]. Parents could schedul e appointmentsfor their
children, provide information regarding the child (pre- and
postappointment), send images to a designated email address,
and, if necessary, access BigWorld for interpretive services
[21]. Kumar Mallineni et a [38] coined the term “telepediatric
dentistry” for preventive services that gave parents advice and
oral hygieneinstructionsto help maintain a child’s oral health.

Academic institutions, such as Oregon Health and Science
University (OHSU), University of Washington (UW), and New
York University (NYU) implemented teledentistry systems
during the COVID-19 pandemic. OHSU and UW used
HIPAA-compliant messaging and virtual consultation platforms
and noted the importance of having appropriate audiovisual
technology [35]. Staff membersfirst triaged teledental patients,
including COVID-19 screening for current symptoms, travel
history, and recent exposures to those who tested positive [35].
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Staff members followed an onboarding protocol using a
HIPAA-compliant temporary account [35] and scheduled
appointments during which patients logged in and received a
teledental examination [35]. Dentdl professionalsused adecision
tree to guide next steps and follow-ups [35]. At NY U, patients
could make an appointment for either a telephone or video
consultation [39]. Teledentistry service agents triaged calls to

Hung et al

the appropriate dental professionalsor other specialist [39] who
contacted patients either by phone or video call to discusstheir
concerns [39]. After hours or during weekends, patients |eft
voicemails, and clinic personnel returned callson thefollowing
day [39]. Findings for implementing teledentistry are
summarized in Table 1.

Table 1. Article summary for scoping review research question 1 (implementation).

Key points

Article sources

Synchronous and asynchronous tel edentistry implementation

Applications and programs used to implement teledentistry

Reasons for implementing teledentistry

Alsafwani et al (2022) [26]
Chopra and Sahoo (2020) [17]
Crawford and Taylor (2020) [5]
Deshpande et a (2021) [18]
Giudice et a (2020) [16]
Meurer et a (2022) [23]
Nuvvulaand Mallineni (2021) [19]
Park et al (2021) [22]

Patel and Wong (2020) [24]

10. Suter (2020) [20]

11. Tonkaboni et a (2021) [25]

12. Wallace et al (2021) [21]

©oOoNOOA~WNE

1. Abbaset a (2020) [28]

2. Alsafwani et al (2022) [26]

3. Barcaet al (2020) [31]

4. Brecher et a (2021) [33]

5. Caprioglio et a (2020) [32]

6. Chopraand Sahoo (2020) [17]
7. Chung et el (2022) [35]

8. Crawford and Taylor (2020) [5]
9. daSilvaeta (2021) [30]

10. Ghai (2020) [27]

11. Giudiceet d (2020) [16]

12. Gleeson and Kalsi (2022) [37]
13. Goriuc et a (2022) [34]

14. Kumar Mallineni et a (2021) [38]
15. Maspero et a (2020) [29]

16. Nuvvulaand Madlineni (2021) [19]
17. Park et a (2021) [22]

18. Patel and Wong (2020) [24]

19. Rajendran et al (2022) [36]

20. Torosyan et a (2021) [39]

21. Wallaceet a (2021) [21]

1. Alsafwani et a (2022) [26]

2. Barcaeta (2020) [31]

3. Brecher et a (2021) [33]

4. Chopraand Sahoo (2020) [17]
5. Crawford and Taylor (2020) [5]
6. Giudiceet a (2020) [16]

7. Gleeson and Kalsi (2022) [37]
8. Meurer et al (2022) [23]

9. Rajendran et al (2022) [36]

10. Suter (2020) [20]

What Challenges Occurred When Implementing
Teledentistry During the COVID-19 Pandemic?

There were 4 major types of challenges: acceptance by dental
professionals or staff, acceptance by patients, confidentiality,
and reimbursement. The lack of acceptance of teledentistry by
dental professionals or staff members was addressed by 8
articles. A common reason for not embracing tel edentistry was
aperceived difficulty in providing an accurate diagnosis based
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on videos or static images without being able to perform
important diagnostic maneuvers such as percussion and
palpation [18,19,24,27,30,31,40,41]. Additionally, images or
videos may fail to fully visualize lesions and lesion borders or
fail to capture 3-dimensionality and other pertinent information
that might limit dental professionals’ ability to establish the
correct diagnosis [16,18,24,30,34,36,41]. As a result, dental
professionals were apprehensive about the potential for
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misdiagnosis, mismanagement, and litigation due to unfavorable
treatment outcomes [21,24,29].

Other challenges included a lack of patient acceptance of
teledentistry. Some patients may be unreceptive to video
consultations due to an unfamiliarity with devices, and those
with difficulty communicating, either because of language
barriers or disabilities, may find it challenging to adapt to
teledentistry [17,21,25,27,30,42,43]. Parents may be hesitant
to use online consultations for their children because of
unfamiliarity with teledentistry [19]. Teledentistry may also
trigger anxiety and apprehension for proposed treatments and
erode prepandemic patient-clinician relationships[19,21,24,30].

Protecting patient information such as photos, videos, or an
electronic health history, was a common concern
[5,6,18,24,25,29,30,42]. Many dental professionals utilized
WhatsA pp because of its end-to-end encryption. Park et a [22]
noted WhatsApp, Apple FaceTime, and Facebook Messenger
video chat are not HIPAA-compliant and may compromise
patient information, while Zoom, Skype, and Google M eet offer
HIPAA-compliant versions for dental professionals [22].
Moreover, for utilization of software that stores patient
information, there should be a Business Associate Agreement
(BAA) between the company providing the service and the
dental professionals[22].
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Several studies mentioned payment concerns and the need to
discuss with insurance companies how to properly code virtual
visits to ensure payment [5,18,27,41,42,44]. Most articles did
not address how payment was made (whether it was by the
patient or insurance companies) or how much the payment was
but instead focused on the challenge of properly coding and
billing for virtual visits. One article noted that tel edentistry was
often billed by using the code for the service provided such as
D0140 (limited exam code) [ 7] and not teledentistry. However,
this varied among different insurance carriers or states, and the
authors advocated for more clarity regarding teledental visit
reimbursement [7]. Additionally, many noted the cost of
investing in the necessary technology infrastructure and the
importance of having sufficient internet bandwidth to
accommodate teledentistry transmission
[5,6,17,19,21,24,27,30,34,35,41] since an inadequate internet
connection may result in dropped service and a bresk in
continuous treatment [5,6,17,28,30,31,34,41,44]. Lapses with
the Attend Anywhere, which occurred during times of peak
internet demand, was an example of dropped service [5]. Few
guidelinesfor dispensing medications[17], alack of appropriate
scheduling software, and an insufficient number of trained staff
were also identified as challenges [20,22]. Table 2 summarizes
the challenges encountered in teledentistry.
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Table 2. Article summary for scoping review research question 2 (challenges).

Key points

Article sources

Difficulties with acceptance by dental professiona or staff

Difficulties with acceptance by patients

Confidentiality

Reimbursement

Barcaet a (2020) [31]
daSilvaet a (2021) [30]
Deshpande et a (2021) [18]
Ghai (2020) [27]

Giudice et d (2020) [16]
Goriuc et a (2022) [34]
Jajeh et a (2022) [40]
Kumar et a (2022) [41]
Maspero et a (2020) [29]
10. Nuvvulaand Mallineni (2021) [19]
11. Patel and Wong (2020) [24]
12. Rajendran et al (2022) [36]
13. Wallaceet a (2021) [21]

OCONOUORWNPE

Chopraand Sahoo (2020) [17]

daSilvaet a (2021) [30]

Ghai (2020) [27]

Nuvvulaand Mallineni (2021) [19]

Patel and Wong (2020) [24]
Samaranayake and Fakhruddin (2021) [43]
Tallaet a (2020) [42]

Tonkaboni et a (2021) [25]

Wallace et a (2021) [21]

©CONOOR_WDNE

Crawford and Taylor (2020) [5]
daSilvaet a (2021) [30]
Deshpande et a (2021) [18]
Farooq et a (2020) [6]
Maspero et a (2020) [29]

Park et a (2021) [22]

Patel and Wong (2020) [24]
Tallaet a (2020) [42]
Tonkaboni et a (2021) [25]

©CONOURWNPE

Abbas et a (2020) [28]
Barcaet a (2020) [31]
Chopraand Sahoo (2020) [17]
Chung et a (2022) [35]
Crawford and Taylor (2020) [5]
daSilvaet a (2021) [30]
Deshpande et a (2021) [18]
Farooq et a (2020) [6]

Ghai (2020) [27]

10. Goriuc et a (2022) [34]

11. Kumar et a (2022) [41]

12. Nuvvulaand Mallineni (2021) [19]
13. Park et a (2021) [22]

14. Patel and Wong (2020) [24]

15. Singhal et a (2021) [44]

16. Suter (2020) [20]

17. Tdlaet a (2020) [42]

18. Wallace et al (2021) [21]

19. Wuetd (2020) [7]

©CONOOR_WNE

What Strategies Were Used to Overcome These
Challenges?

Table 3 summarizes the 20 articles that discussed strategies to
address challenges. These strategies included educating dental
professionals, orienting patients, providing proper compensation,
and updating technologies. To improve tel edentistry acceptance,
researchers suggested more education and dental professional
training about teledentistry [27,36,42]. Kumar et a [41]

https://www.i-jmr.org/2022/2/e39955

RenderX

proposed webinars and continuing education provided by the
American Dental Association to improve dental professionals
comfort with using newer technologies. Rajendran et al [36]
required that dental professionalsusing Mobile Mouth Screening
Anywhere review a refresher video about teleconsultation
etiquette and regulatory regquirements. Equally important may
be training and education for patients and parents about how to
transmit useful images and participate in video consultations
[19]. To promote teledentistry, dental professionals and other
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specialists can spread awareness among patients about this
option [36]. To aleviate apprehension, some suggested an
introductory call or video tour to introduce the patient to the
dental professionals and the environment or to allow patients
more time to prepare for a consultation or a procedure
[21,24,42]. For patients who speak a foreign language,
trangl ation services can create a more welcoming environment
for patients[21,42]. To ensure dental professionalsare properly
compensated, authorsfrom the United States and Canada shared
specific codes that successfully resulted in compensation
[33,41,44]. To prevent litigation, several authors emphasized
the need to obtain informed consent that details the potential
risks associated with online consultations[18,29,31,42]. Articles
from the United States and Canada highlighted the importance
of having asystem in place to verify patient identity at the time
of serviceto prevent disclosing sensitiveinformation to someone
other than the patient [35,41,42]. In aliterature review, da Silva

Hung et al

et a [30] recommended using Zoom accounts that require
passwords to enter meetings and the ability to lock meetings
once all parties are present. Several authors suggested using
end-to-end encryption applications or devices, confirming that
an application is HIPAA-compliant, and executing a BAA to
maintain proper use of patient health information [16,22,29-31].
To improve diagnostic abilities, one author recommended that
an iPhone 4S or later model is needed to make an adequate
assessment [5]. However, dental professionals should be mindful
that up-to-date technology incurs afinancial burden on patients
who may already be financially challenged by the pandemic
[5]. Lapses in connection can occur, and a UK-based study
found that they needed a more advanced server to manage virtual
dental visits [5]. To address the lack of scheduling software,
Suter et al [20] turned to project management software outside
of dentistry. Strategies used to overcome challenges are
summarized in Table 3.

Table 3. Article summary for scoping review research question 3 (strategies to overcome challenges).

Key points

Article sources

Educating dental professionals

Orienting patients

Providing proper compensation

Updating technologies

Barcaet al (2020) [31]
Chung et a (2022) [35]
Deshpande et a (2021) [18]
Ghai (2020) [27]

Kumar et a (2022) [41]
Maspero et a (2020) [29]
Rajendran et al (2022) [36]
Tallaet a (2020) [42]

NGO A~A®WDNDE

1. Nuvvulaand Mallineni (2021) [19]
2. Patel and Wong (2020) [24]

3. Rgendran et a (2022) [36]

4. Tdlaetal (2020) [42]

5. Walaceet a (2021) [21]

1. Brecher etd (2021) [33]

2. Kumar et a (2022) [41]

3. Singhal et a (2021) [44]

Barcaet al (2020) [31]
Crawford and Taylor (2020) [5]
daSilvaet a (2021) [30]
Giudice et a (2020) [16]
Maspero et a (2020) [29]

Park et a (2021) [22]

Suter (2020) [20]

Nogk~wNE

WereTherelnnovative ldeas That Resulted From the
Implementation of Teledentistry?

A major innovation was adapting commonly available programs
and applications to tel edentistry services. Applications such as
WhatsApp or communication services such as Zoom were
mentioned in several articles [16,17,19,24,27-32,35]. Other
platforms mentioned included Telegram, Microsoft Network,
Skype, and FaceTime[24,29,31,33]. These applications hel ped
establish communication and played arole in reducing travel,
especialy in regions with travel restrictions or those that were
difficult to access. With certain orthodontic emergencies,
teledentistry provided a platform to advise patients about home
remedies such asusing apencil eraser to push on metal ligatures

https://www.i-jmr.org/2022/2/e39955

causing soft tissue trauma or using sterilized nail clippers to
remove protruding archwire [32]. As an ancillary benefit,
telemedicineled to shorter wait timesfor pre- and postoperative
evaluations and specialty consultations
[16,18,19,28,29,31,33,37] and mitigated COVID-19 spread by
reducing clinic overcrowding [17]. A Saudi Arabian clinic
successfully used a questionnaire to triage patients and
determine whether a pediatric patient needed in-person treatment
[38]. They aso provided previsit videos about COVID-19
protocols to protect all parties present in the dental office[38].
The implementation of virtual waiting areas was another
teledentistry innovation [35,37,38]. For patients with concerns
about oral pathology and who are uncomfortable with
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teledentistry, Goriuc et a [34] suggested home salivatesting to
assess oncol ogic pathol ogy.

Education is an important tool for maintaining oral health, and
several authors suggested that tel edentistry offers opportunities
for education and community outreach to schools, nursing
homes, rural residents, and those who are housebound asaresult
of agerelated frailty or physical or mental disabilities
[20,21,24]. Using teledentistry before a domiciliary visit can
determine what materials dental professionals may need before
making the visit [24]. Additionally, the synchronous and
asynchronous capabilities of teledentistry helped dental
ingtitutions minimize pandemic-related lapses in dental
education [6] and use virtual patients for dental students
education [6]. Project management software outside the field
of dentistry represented a possible solution to fill the gap in
dental scheduling software [20]. The same article described
virtual operatories and hybrid clinics that integrate in-person,
synchronous, and asynchronous patient visits [20].
Teleorthodontic innovations included programs such as Dental
Monitoring to scan a patient's oral cavity and artificial
intelligence to monitor treatment [22,29]. Others created their
own programs. For example, Fazio et a [45] developed

https://www.i-jmr.org/2022/2/e39955
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LinguAPP, which incorporated a patient questionnaire and the
ability to upload photos to determine appropriate treatment.

Teledentistry was divided into subcategories such as
teleconsultation, telediagnosis, teletriage, and telemonitoring
services by 8 articles [17,19,21,22,27,28,30,43,44]. Through
teleconsultation, dental professionals can address nonurgent
concerns and usetel etriage to prioritize patients needing urgent
or emergency care so that they can be seen promptly
[19,27,28,30,36]. Telediagnosis uses specific applications, such
as Mobile Mouth Screening Anywhere, to help diagnose and
share patient information, photos, videos, or radiographs with
colleagues[19,27-29]. Telemonitoring can be utilized to follow
patients who received advice or for follow-up of treatment
[5,19,27,28,31]. However, the main role of teledentistry during
the COVID-19 pandemic wasto help bridge gapsin care, assure
essential care for both new and existing patients, and broaden
its scope to include dental speciaties [17-20,28,30].
Teledentistry also expanded its use to include prescribing
medications, such asantibiotics, pain medications, high-strength
fluoride, and anti-inflammatory mouth rinses, which could
temporarily address conditions such as swelling and pain until
further treatment could be arranged [16-18,21]. Innovations are
summarized in Table 4.
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Table 4. Article summary for scoping review research question 4 (innovation).

Key points

Article sources

Adapting commonly available programs and applications to tel edentistry

Education and community outreach

Developing new teledentistry programs and applications

Separating tel edentistry into subcategories of services (teleconsultation, telediagnosis,

teletriage, and telemonitoring)

Expanding teledentistry to include prescribing medications

Abbas et al (2020) [28]

Barcaet a (2020) [31]

Brecher et a (2021) [33]
Caprioglio et a (2020) [32]
Chopra and Sahoo (2020) [17]
Chung et a (2022) [35]
daSilvaet a (2021) [30]
Deshpande et al (2021) [18]
Farooq et a (2020) [6]

10. Ghai (2020) [27]

11. Giudiceet a (2020) [16]

12. Gleeson and Kalsi (2022) [37]

13. Goriuc et a (2022) [34]

14. Kumar Mallineni et al (2021) [38]
15. Maspero et al (2020) [29]

16. Nuvvulaand Mallineni (2021) [19]
17. Patel and Wong (2020) [24]

18. Suter (2020) [20]

CONOURWDNPE

1. Suter (2020) [20]
2. Wallaceet a (2021) [21]
3. Patel and Wong (2020) [24]

1. Paketa (2021) [22]
2. Maspero et al (2020) [29]
3. Fazioeta (2022) [45]

1. Crawford and Taylor (2020) [5]

2. Chopraand Sahoo (2020) [17]

3. Nuvvulaand Mallineni (2021) [19]
4. Suter (2020) [20]

5. Wallaceet a (2021) [21]

6. Ghai (2020) [27]

7. Abbaset a (2020) [28]

8. Maspero et a (2020) [29]

9. daSilvaetal (2021) [30]

10. Barcaet a (2020) [31]

11. Rajendran et al (2022) [36]

12. Samaranayake and Fakhruddin (2021) [43]
13. Singhal et a (2021) [44]

Giudice et al (2020) [16]
Chopra and Sahoo (2020) [17]
Deshpande et al (2021) [18]
Wallace et a (2021) [21]

Eal S o

Discussion

The purpose of this scoping review was to enhance the
understanding of teledentistry use during the COVID-19
pandemic and examine challenges associated with expanded
services and strategies to address these challenges. The
COVID-19 pandemic also presented opportunities to enhance
teledentistry’s scope, and this review explored innovative ideas
that emerged from the expansion of teledentistry.

Principal Findings

Theresultsindicate that teledentistry offered important services
to help maintain the continuity of dental care during the
pandemic. Through the utilization of different applications,

patients were able to communicate their concerns to dental
professionalswho could analyze photos, videos, and radiographs

https://www.i-jmr.org/2022/2/e39955

RenderX

to triage those patients needing urgent or emergent care for an
in-personvisit. Severa programs noted that tel edentistry worked
well for follow-up visits and, by reducing face-to-face visits,
lowered therisk of viral transmission for patients, dentists, and
office staff [5,16-25].

One unexpected benefit was improved access to specialists
through teledentistry triage, enhanced communication, and the
use of asynchronous datatransmission. In addition to mitigating
the pandemic’simpact on staff exposure and reducing in-person
visits, teledentistry decongested clinics, which may be useful
for improving patient flow postpandemic. Another benefit of
teledentistry was its ability to reduce travel and the financial
burdens associated with travel and improve access for patients
with disabilities or other barriers to in-person visits
[16,18,19,29]. Teledentistry was identified as effectively
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addressing concerns such asidentifying clearly benign growths
and providing reassurance, removing the need for an in-person
visit. Although articles on teledentistry implementation reported
favorably on its role in bridging gaps in care caused by the
pandemic, its implementation elicited several concerns.
Acceptance by both dental professionalsand patients may prove
to be an obstacle that hinders future expansion, and security
concerns about patient health information may also impede the
acceptance of teledentistry [16,18,19,24,27,30,31].

A consistent and clear barrier to teledentistry implementation
wastheinability to perform diagnostic tests such as percussion,
palpation, and thermal testing. The variation inimage and video
quality and the potential for misdiagnosis, mismanagement, and
litigation were also identified as issues that may jeopardize
widespread acceptance [21,24,29]. These results highlight the
need for guidelines and an accepted scope of servicesthat make
teledentistry a safe and reliable platform for both dental
professionals and patients. Although thisreview identified roles
for triage, diagnosis, monitoring, and prevention, examples of
conditions that might be included in a defined scope of
teledentistry services include temporomandibular joints, pain
management, and prescribing antibiotics. The need for advocacy
with governing dental regulatory bodiesisimportant to support
and endorse protocol sfor teledentistry, including guidelinesfor
dispensing medications and treatment [17,42]. Clear guidelines
and protocols recommended by governing dental bodies for
treatment, prescriptions, and dental codes can facilitate the
process for those interested in implementing tel edentistry and
continuing programs beyond the pandemic. Having dental
regulatory agencies certify applications and platformsfor dental
services as HIPAA-compliant may accelerate teledentistry
acceptance by dental professionals [5]. Despite the recent
adoption of dental procedure codes for teledentistry for both
synchronous and asynchronous delivery of dental services,
reimbursement remained acommonly mentioned concern. Codes
alone may not be sufficient, since Singhal et a [44] mentioned
reimbursement as an issue in Canada even though the Canadian
Dental Association published insurance codesfor teledentistry.
In the United States, some statesincluding California endorsed
Medicaid reimbursement for teledentistry services, and although
thislikely hel ped reimbursement, no paper evaluated theimpact
of these legidative acts during the study period.

Hung et al

One outcome from the enhanced use of teledentistry during the
pandemic is that it will likely contribute to an enduring and
broader role in the future. In 2020, about one-third of United
States adults used teledentistry, and over 80% of patients
reported being satisfied with their teledental visit and indicated
a willingness to use the modality again [46]. Almost
three-quarters of dentists who used teledentistry anticipated
maintaining or evenincreasing their virtua visits[47]. However,
many emergency regulations, such as relaxing licensing
requirements and HIPAA compliance, will be expiring, and
there is debate on how to proceed moving forward. Thisreview
supports the value of teledentistry and suggests that further
development of this modality can contribute to improved oral
health postpandemic.

Limitations

A limitation of this scoping review wasthe exclusion of articles
outside of PubMed and Google Scholar. Though the review
included opinions and letters to the editor, it excluded
government reports, conference proceedings, and policy
statements. However, “grey” literature does not undergo the
same rigorous peer review as more traditional academic
literature. Selection bias of articleson oral surgery may also be
present since several retrieved articles were identified by the
search term of telemedicine. These articles met the inclusion
criteriabecause they incorporated the oral maxillofacial surgery
specialty but no other dental specialties. Finally, this review
focused on tel edentistry and itsimplementation and uses during
the lockdown period. By excluding articles that did not
incorporate teledentistry and its connection to COVID-19,
extrapolating the results beyond the pandemic or applying the
finding to future pandemics s speculative.

Conclusions

The COVID-19 pandemic lockdowns led to new teledentistry
implementations, most commonly for triage but also for
follow-up and nonprocedural care. Teledentistry improved
accessto dental servicesand reduced in-person visits. However,
significant challenges remain. These challenges include
insufficient technology infrastructure, inadequate provider skill,
and alack of established protocolsto manage billing issues and
privacy concerns. As pandemic restrictions ease, these barriers
will need to be addressed to sustain and expand teledentistry.
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Abstract

Background: Aboriginal and Torres Strait Islander people in Australia have participated in Western research for decades. When
done well, research has resulted in significant benefits and positive impacts on society. However, the primary benefactor of this
research has and continues to be researchers, with limited or no research knowledge mobilized for uptake and beneficial use by
end users, such as individuals and communities. In 2021, the Torres Strait Islanders Research to Policy and Practice Hub (the
Hub) at James Cook University designed and implemented several strategies, including a games-based interactive workshop with
representatives from nongovernment organizations (NGOs). Feedback suggests the workshop and associated activities were a
success.

Objective: We describe knowledge translation (KT) and implementation planning to design and implement strategiesto increase
awareness and understanding of NGOs in research governance.

Methods: This descriptive study involved representatives from NGOs on Thursday Island in the Torres Strait. We collected
data from a literature review and informal discussions. We used several models and frameworks to guide our approach and
underpin data collection and analysis.

Results. Designing and implementing strategies to increase awareness and understanding of NGOsin the Torres Strait to govern
research involved several key steps: (1) identifying and defining what needed to change and who needed to change, (2) identifying
and mapping barriers and facilitators, (3) selecting the most appropriate strategies to support change, (4) implementing activities,
and (5) monitoring and evaluating our approach. We developed a program logic to understand and communicate to others how
we would implement activities and what resources would be required to support this process. We drew on several evidence-based
KT and implementation models and frameworks to do this. First, aKT planning template was used to inform what evidence we
wanted to mobilize, to whom, and for what purpose. Based on this step, we recognized we wanted to bring about change with
the target audience, and as such, we drew on the previously mentioned implementation planning models and frameworks. We
collated the outcomes from these initial steps.

Conclusions: Our KT and implementation practi ce experience were successful. Encouraging researchers and end usersto adopt
similar practicesrequiresinvestment in training and devel opment of KT and implementation practice. Thisalso entails modifying
research standards and guidelines to include KT and implementation practice when working with Aboriginal and Torres Strait
Islander people and other vulnerable groups, creating incentives for researchers and end users to embed KT and implementation
practice in research, and recognizing and rewarding the benefits and impact beyond publication and presentation.

(Interact J Med Res 2022;11(2):€39213) doi:10.2196/39213
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Introduction

When done well, research has resulted in significant benefits
and positive impacts on society [1]. In Australia, Aboriginal
and Torres Strait Islander people have participated in Western
research for decades[2-4]. However, the primary benefactor of
this research has and continues to be researchers, with limited
or no research knowledge mobilized for uptake and beneficial
use by end users like individuals and communities [5-7]. Our
ongoing work with nongovernment organizations (NGOSs) in
the Torres Strait suggests the following: continued distrust;
limited awareness, skills, and experience in research best
practices; and little evidence describing the practical application
of knowledge trandation (KT) and implementation practice by
researchers[8,9].

In 2021, the Torres Strait Islanders Research to Policy and
Practice Hub (the Hub) at James Cook University designed and
implemented several activities, including a games-based
interactive workshop with representatives from NGOs in the
Torres Strait. Our success is described by a workshop
participant: “as a Board member, | can see the importance and
why Board members or management committee members or
directors should do thistraining. Thisisimportant for us to sit
down and get our heads around and understand research,
especialy when you're going to be entering into contractual
agreements.”

This paper describesKT and implementation planning to design
and implement strategies to increase awareness and
understanding of NGOs in research governance. Effective KT
centers on Aboriginal and Torres Strait Islander communities
and their wisdom to achieve maximum research impact through
a carefully designed process that minimizes power dynamics

and privileges Aboriginal and Torres Strait | dander perspectives.
Drawing on other definitions, KT is the reciproca process of
combining experiential wisdom with academic research. It
involves a complex series of interactions between knowledge
holders, producers, and usersto achieve positive and sustainable
long-term benefits for Aboriginal and Torres Strait 1slander
people [10,11]. Implementation is the process of putting to use
or integrating new practices within a setting—it is about
identifying and defining who needs to change and what
individuals need to do differently, understanding and mapping
barriers and facilitators, and selecting the most appropriate
strategies to support change [12].

Methods

Data Collection

Figure 1 shows the methods used in this descriptive study. This
paper will focus on the KT and implementation planning
activities listed in the boxes titled data collection and analysis
inFigure 1.

The study site was Thursday Iland in the Torres Strait. The
study participants were representatives from NGOs. We adopted
the Knowledge to Action process model to guide our KT and
implementation planning approach. We collected data from a
literature review and informal discussions. Theliterature review
focused on nationally endorsed research guidelines.
Representatives from NGOs and project team members
participated in informal discussions. We used a KT planning
template to identify the evidence to mobilize, who were the
intended users of this evidence, what key messages we wanted
to share with the specified groups, and what goals we wanted
to achieve with each group [13].

Figure 1. Study approach and methods. CFIR: Consolidated Framework for Implementation Research; CFIR-ERIC: CFIR-Expert Recommendations
for Implementing Change; COM-B: Capability, Opportunity, Motivation, Behaviour; JCU HREC: James Cook University Human Research Ethics
Committee; KT: knowledge trandation; NGO: nongovernment organization; TDF: Theoretical Domains Framework.
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Asshown in Figure 1, we used several frameworksto organize
and analyze the data: the Consolidated Framework for
Implementation Research (CFIR) [14], the Capability,
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Opportunity, Motivation, Behaviour (COM-B) [15], the
Theoretical Domains Framework (TDF), and the CFIR-ERIC
(CFIR-Expert Recommendations for Implementing Change)
Implementation Strategy Matching tool, version 1.0 [16].
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CFIR described factors to consider in planning for
implementation, such as the NGO's interna and external
operating environments. COM-B identified what needed to
change for a behavior change intervention to be effective and
described barriers to change at the individual level. TDF was
used to determine the specific influences on an individual’s
behavior. The CFIR-ERIC Matching tool identified the
evidence-based strategy that was best suited to address known
barriers.

Ethics Approval

The project obtained ethics approval from the James Cook
University Human Research Ethics Committee (approval
number: H7710).

Results

The CFIR factors deemed influential to our approach were (1)
outer setting (ongoing demand for research, distrust, limited
networking and routine communication between local NGOs,
increase demand for NGOs to report on outcomes and impact,

https://www.i-jmr.org/2022/2/€39213
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limited local research workforce capacity and capability, cultural
expectations and requirements about research practice) and (2)
inner setting (NGOs are small to medium enterprises [20 to 50
staff], organizations 10 to 20 years of age, governed by a
voluntary Aboriginal and Torres Strait Islander board of
directors, limited funding and resources for NGOs to do or
engagein research, NGOs provide arange of services and may
be the only service provider for the region [competing interests
and demands], NGOs share similar goals to improve the health
and well-being of the local community).

As shown in Table 1, the barriers to research at the individual
level were as follows: distrust of researchers and the research
process, limited time, limited support to backfill staff to attend
training, little or no awareness of research guidelines such as
the Keeping Research on Track 11, lack of interest, and resistance
to change.

Textbox 1 displays the types of intervention strategies that can
be used to address these barriers.

The program logic in Figure 2 presents our approach to
implementing the strategies above.
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Table 1. Mapping of identified barriers to implementation strategies to implement a set of research guidelines in nongovernment organizations in the
Torres Strait.

Barriers, COM-B2 domain, and TDF? construct Implementation strategy characteristics

Limited or no awareness of research guidelines such asthe Keeping Research on Track |1
Capability
Knowledge «  Deéliver educational workshops
o  Dynamic training
« Develop and distribute educational resources
«  Tailor approachesto the local context and practice
Distrust of researchersand the research process
Motivation

Emotion: fear, anxiety, and stress «  Capture and share local knowledge

Lack of familiarity with facilitators

Motivation
Emotion: fear, anxiety, and stress «  Capture and share local knowledge
«  Regular visitsto organizations
«  Facilitator-supported activities
« ldentify and co-opt champions
Limited time
Opportunity
Environmental stressors o Invite board members and senior executives
Resources « Host eventsin the local community
« Reduce participant costs through, for example, free events with catered
meals
Limited to no support to backfill staff attending training
Opportunity
Organization culture and climate o Invite board members and senior executives
« ldentify and co-opt champions
Resistance to change
Motivation
Optimism « ldentify and co-opt support from local opinion leaders
Intentions o  Assessreadiness
o ldentify environmental and individual barriers and facilitators
Goadls «  Collate outcomesfrom stakeholder meetings, discussions, and feedback
(informal needs assessment)
Beliefs about consequences « Sameasabove

Lack of interest

Capability
Knowledge «  Capture and share local knowledge
Opportunity
Social influences « ldentify early adopters
« ldentify and co-opt support from local opinion leaders
Motivation
Optimism « ldentify and co-opt champions
https://www.i-jmr.org/2022/2/€39213 Interact JMed Res 2022 | vol. 11 | iss. 2 [€39213 | p.110
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Barriers, COM-B? domain, and TDF® construct Implementation strategy characteristics

Beliefs about consequences: outcome expectancies « Sameasabove

8CFIR: Consolidated Framework for Implementation Research.
bCoM-B: Capability, Opportunity, Motivation, Behaviour.

Textbox 1. Intervention strategies to address barriers.

«  Needs assessment about what needs to change and readiness to change
o Assessreadiness
« ldentify environmenta and individual barriers and facilitators

«  Collate outcomes from stakeholder meetings, discussions, and feedback

«  Recognizing and embedding environmental barriers and enablers into approaches
«  Tailor approachesto thelocal context and practice
«  Capture and share local knowledge
«  Invite board members and senior executives
» Host eventsin thelocal community

«  Reduce participant costs through free events with catered meals

«  Developing and implementing strategies based on target audience needs
«  Develop and distribute educational resources
»  Deéliver educational workshops
«  Dynamic training
«  Facilitator-supported activities
«  Gaining target audience and community trust

« Regular visitsto organizations

« ldentify and co-opt champions, local opinion leaders, and early adopters

Figure 2. Program logic of study inputs, activities, outputs, and outcomes. CFIR: Consolidated Framework for Implementation Research; COM-B:
Capability, Opportunity, Motivation, Behaviour; KT: knowledge trand ation; NGO: nongovernment organization; TDF: Theoretical Domains Framework.
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Discussion

Principal Results

Our approach to designing and implementing strategies to
increase awareness and understanding of NGOs in the Torres
Strait to govern research involved several steps: (1) identifying
and defining what needed to change and who needed to change,
(2) identifying and mapping barriers and facilitators, (3)
selecting the most appropriate strategies to support change, (4)
devel oping and implementing activities, and (5) monitoring and
evaluating our approach.

A KT planning template was used to inform what evidence we
wanted to mobilize, to whom, and for what purpose. Based on
this step, we recognized we wanted to initiate change with the
target audience. We drew on severa evidence-based KT and
implementation models and frameworks to do this. We drew
on the previously mentioned implementation planning models
and frameworks. We collated outcomes from theseinitial steps
and developed a program logic to understand how we would
implement the strategies and what resources we required to
support this process.

The approach we took in this study is not new [14,17,18].
However, there is limited but growing evidence describing the
successful use and application of KT and implementation
planning practices in NGOs in Aboriginal and Torres Strait
Islander communities in Australia [19-21]. By supporting and
strengthening these practices, we ensure evidence is mobilized
effectively from research to end users. We a so enhance end-user
capacity and capability to draw on evidenceto inform the design
and implementation of programs and services in their
communities for local benefit and impact. Finaly, we
demonstrate a systematic approach to inform the decision
making of funding authorities and policy makers.
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Strengthsand Limitations

Strengthsincluded having Torres Strait I slander researchersand
project team members|ead and implement the research, astrong
level of trust and engagement between researchers and NGOs,
and the presence of team capability in KT and implementation
planning. Thelimitations of the project relateto the sample size
and study site (all NGOs were in the same remote community).
As such, the findings from this project are not generalizable to
the broader NGO audience. Timing and time frames were also
a limitation. The project timeline was 6 months during
COVID-19 restrictions when travel restrictions were in place.
The project team could not travel to other parts of Australiato
collect data. Furthermore, there were limited project resources
to fund an expansion of the project.

Conclusion

Based on our individual and collective experiences, we know
programs, services, and practices are designed and implemented
from what we think we know and expect. We have participated
in various meetings, forums, and workshops that provided
opportunities for participants to catch up and network but were
unsuccessful in initiating and sustaining change. We have
written journal publications and presented at conferences to
enhance our track record but did little to improve investment
inlocal communities. We wanted to disrupt this status quo and
embark on an approach to increase awareness and understanding
and initiate behavior change. Our KT and implementation
practice experience were successful. Encouraging researchers
and end users to adopt similar practices will require the
following: (1) investment in training and development on KT
and implementation practice, (2) modifying research standards
and guidelinestoinclude KT and implementation practice when
working with Aboriginal and Torres Strait Islander people and
other vulnerable groups, (3) creating incentives for researchers
and end users to embed KT and implementation practice in
research, and (4) recognizing and rewarding benefits and impact
beyond the publication and presentation.
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Abstract

Background: Giventheincreased use of technology in health care, both in extent and application, theimportance of understanding
the ethical implications of new health technol ogiesincreases. Profound insight into the possible ethical implications of new health
technol ogies enhances the research and devel opment of such technologiesand thelikelihood of eventual successful implementation
in clinical practice.

Objective: This study aimed to gain an understanding of how and if researchers focused on health technologies describe the
actual or possible ethical aspects of their research findings.

Methods: An established framework for scoping reviews was used to guide the methodology. Studies published in PubMed
over the last 10 years were included if they study or refer to ethics in relation to health technology as defined by established
frameworks. In total, 14,532 articles were screened, 692 were retained for full-text evaluation, and 227 were included for data
extraction.

Results: In total, 250 (80.9%, N=309) studies were conducted in North America and Europe; literature review studies were
dominant. Most studies (52.9%, 120/227) had no direct reference to any of the 4 basic ethica principles: beneficence,
nonmal eficence, autonomy, and justice. In cases where studies referenced ethical theory, consequentialism dominated.
Conclusions: When research about technology and ethics is published, the predominant focus is on its intent rather than its
actual effect on patients. This lack of insight is problematic considering the vast advancement of technology in which ethics
cannot keep up with understanding and offer insights on addressing ethical issues. This finding has implications for practice,
research, and education.

(Interact J Med Res 2022;11(2):e38745) doi:10.2196/38745

KEYWORDS

ethics; ethical principles; ethical theory; health technology; eHealth; digital health; telehealth; mHealth; health care; scoping
review

Introduction technology has moved beyond supporting the treatment of

life-threatening or congenital diseases and into genomics,
diagnosis, surveillance and big data, and artificial intelligence,

Health technology is increasingly being used in various areas

of health care. It provides ample options to meet societal needs  the central ethical questions have shifted to issues around
in improving quality, optimizing resource use, and the integrity and equity on both individual and system levels [2].

coproduction of carewithin the health care system [1]. Ashedlth Such issues are concerned with challenges relating to the risk
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that technology is biased, builds on or even reinforces
inequalities, and overturns the principles for how care has
traditionally been practiced and the logical setup for structuring
the care system [3].

Health technology has traditionally been regarded as neutral
[4], and bioethics is dominated by developer perspectives on
the application in clinical practice [5]. However, health
technology is increasingly spanning beyond the traditional
organization of health care; usein contexts outside of the health
care organization, such as in-home environments and
workplaces; and the active role of the patient in operating and
providing the functionality of the technology [6]. Thisoverturns
the traditional relationship between physicians and patients as
an essential component of current health care practice [7].
Furthermore, technology’s mediation of human-to-human
relationsmay result in ethical dilemmas[8]. Therefore, abroader
perspective is needed where both the context and future
implications for human life are considered [9].

Given the increased use of technology in health care, both in
extent and application, the importance of understanding the
ethical implications of new health technologies increases [2].
Profound insight into the possible ethical implications of new
health technol ogies enhances the research and devel opment of
such technologies and the likelihood of eventual successful
implementationin clinical practice[10]. Dueto therate at which
technology advances, bioethics is falling further behind in
staying current with new, evolving ethical issues[11]. Thisis
mainly dueto atradition of retrospective approaches examining
ethical issues[12,13]. To address and learn from such studies,
we propose that researchers and developers of new health
technologies integrate ethical analysis early on in the research
and development process.

Much has been written, discussed, and taught about the
importance of performing health research involving human
subjects ethically and by strict guidelines [14-16]. In addition,
medical and health journals no longer publish research that has
not gone through an ethical review by an independent ethics
board [17]. These ethical review boards limit their evaluation
to the ethics of the study itself by reviewing issues such as
informed consent, coercion, and risks or benefits to study
participants. Research ethics and the role of the ethical review
boards limit themselves exclusively to the ethical nature of
research studies. They do not consider the possible ethical and
unintended effects of the research findings after the study has
been completed [18]. This study’s objective was to understand
if and how researchers focused on health technol ogies describe
the actual or potential ethical aspects of their research findings.

Methods

The methodology for this scoping review followed the
methodol ogical framework put forward by Arksey and O’ Malley
[19] and a previously described protocol [20]. In total, 4 stages
were applied to map current knowledge and identify gaps: (1)
identification of relevant literature, (2) selection of studies, (3)
charting of data, and (4) synthesizing results.

https://www.i-jmr.org/2022/2/e38745
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Identifying Relevant Literature

To ensure the research team adequately explored a broad array
of hedlth-related aspects unbiased without using specific
predetermined health-related search terms, all articles were
located through Pubmed, the major database for biomedical
literature in life science journals and digital books. PubMed
was selected as the sole source due to the large number of
interdisciplinary and mainly health-related publications|ocated
in this database and the extensive and time-consuming search
strategy using individual terms of technologies based on a
nomenclature rather than asingle or few broad and less precise
terms such as “health technology.” The database search was
conducted from September to October 2020. The hedlth
technologies, which were used as primary search terms, were
identified through the Global Medical Device Nomenclature
[21] and the nomenclature used in the World Health
Organization (WHO) [22] report “ Human Resourcesfor Medical
Devices, the Role of Biomedical Engineers.” The list included
devices and techniques used to manage health care delivery,
which parallelsthe definitions of technology and technique[23].
Searches were conducted using 181 search terms for
technologies AND ethic*, alowing any of the suffixes of ethic
(ie, ethic[g], ethic[d], ethic[ally], ethic[ist], ethic[ism], and
ethic[ality]) to beincluded in asearch of titles and abstracts. A
time delimiter was set to include only articles published in
PubMed in the last 10 years (2010-2020) from the date of the
searches. The reason for including only recent literatureis that
theresearch field in health technol ogy is constantly and rapidly
developing and that we intended for this study to be based on
current research in the field. Upon completing each search, all
records were saved to a shared file and imported into the
Covidence software (Veritas Health Innovation) for further
analysis.

Selecting Studies

Only studies that specifically mentioned ethics concerning a
health technology or technique were included. The screening
was conducted in collaboration with all 6 authors. All authors
participated in regular meetings to discuss the inclusion and
exclusion criteria interpretations. In the initial screening, the
titles and abstracts were independently examined by 2 authors,
who independently determined whether the article appeared to
meet the inclusion criteria. A third author was included to
resolve the conflict if a disagreement was apparent.

Studies were excluded if they met the following exclusion
criteria: ethics concerning human health was not mentioned;
ethics concerning technology was not mentioned; the authors
did not elaborate on ethics; the authors referred to research
ethics only; the study was not in English; not aresearch article;
not a peer-review article; not a retrievable article; duplicate
article; or animal research ethics. After that, the studies were
assessed for eligibility based on the full text. Again, 2 authors
independently reviewed each study, and in cases of disagreement
or uncertainties, conflicts were resolved by athird author. The
Covidence software allowed several authorsto code and analyze
the same data set simultaneously. The average interrater
reliability in screening both records and full-text articles was
satisfactory (k=0.23 and k=0.52, respectively). The authors
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followedthe PRISMA (Preferred Reporting Itemsfor Systematic
Reviewsand Meta-Analyses) reporting guidelinesfor systematic
reviews to report the screening process [24].

Charting the Data

A data extraction form was designed in the Covidence software
to chart critical items from the final set of studies that made it
through the extensive and rigorous screening process. Data
extracted using the questionnaireform included the bibliographic
details of the study; geographical location where the studies
were carried out; type of research methodology used; types of
technologies investigated; aims of the study; and ethical
principles and theory referred to in the study.

Synthesizing Results

The intention of the scoping review was not to synthesize
evidence or aggregate findings from different studies but to map
their characteristics. A 3-step process collated and summarized
the data and presented a narrative account of existing literature.
Each included article's data were independently extracted by 2
authors, and a third author confirmed a consensus of each
article's extracted data. First, data extraction forms were used
to report descriptive numerical analysis of the studies' extent,

Table 1. Bloom taxonomy.
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nature, and distribution. Second, the Bloom taxonomy of
measurable verbs was used to classify the level of critical
thinking in the studies as determined by the verbs used in the
aims of the studies. The taxonomy comprises 6 categories
describing learning progression, including knowledge,
comprehension, application, analysis, synthesis, and evaluation
[25] (Table 1). Third, the ethical analysis was based upon
Beauchamp and Childress' [26] 4 principles approach, which
inform the ethical decision-making in health care, and the 3
ethical theories—consequentialism, deontology, and virtue.
Finally, atemplate for the extraction was devel oped with brief
descriptions of the concepts used: beneficence—the duty to do
good; nonmaleficence—avoiding causing harm to a person;
autonomy—respecting the individual’s right to decide for
him/hersdlf; justice—fairness and duty to protect human dignity;
consequentialism—the conseguences of the chosen action
determine whether the action is right or wrong;
deontology—there are allowed, forbidden actions (eg, Kantian
duty-based ethics); and virtue ethics—the moral actor isin the
center. The analysiswas carried out by searching for references
totheethical principlesinthe studiesfirst. Next, the description
and discussion were assessed to seeif the ethical theorieswere
referred to.

Category Description Example verbs
Knowledge Remember: remember basic concepts  List, name, recall, record, relate, repeat, state, tell, and underline
and facts
Comprehension  Understand: explain ideas or concepts Compare, describe, discuss, explain, express, identify, recognize, restate, tell, and trand ate
Application Apply: useinformationin new situa-  Apply, complete, construct, demonstrate, dramatize, employ, illustrate, interpret, operate,
tions practice, schedule, and sketch
Analysis Analyze: see connection and pattern  Analyze, appraise, categorize, compare, contrast, debate, diagram, differentiate, distinguish,
examine, experiment, inspect, inventory, question, and test
Synthesis Evaluate or assess: justify opinionand Arrange, assemble, collect, combine, comply, compose, construct, create, design, devise,
decision formulate, manage, organize, plan, prepare, propose, and setup
Evaluation Create: create new or innovative Appraise, argue, assess, choose, compare, conclude, estimate, interpret, judge, justify,
measure, rate, revise, score, select, support, and value
and Europe; empirical studieswere also primarily based on data
Results pS; emp primart’y

A total of 18,166 potentially relevant articleswereidentified in
PubMed using the apriori medical technol ogies and techniques
outlined in the Global Medical Device Nomenclature and WHO.
Of these articles, 3534 were removed by the Covidence software
because they were identified as duplicates.

After theinitial screening of titles and abstracts, 13,840 articles
were excluded because they refer to non-technology-based
ethics, non—health-related ethics, ethics concerning research
methodol ogy, or an ethical review board reviewed the research.
The second-round screening of full-text articles included 692
articles and excluded 465 articles (Figure 1). The remaining
227 articles were deemed adequate for data extraction. A
complete bibliographic list of included studies can be found in
Multimedia Appendix 1.

The data extraction results indicated that 80.9% (250/309) of
the articles originated from researchers from North America

https://www.i-jmr.org/2022/2/e38745

collected in these countries (Table 2). In addition, 81.9%
(186/227) of the studies were literature and primarily narrative
reviews with limited or no descriptions of the methodological
approach of thereview and little distinction between references
to the literature versus the assumptions from the authors.

Of the empirical studies, qualitative studies dominated. Only 7
studies used pure quantitative and objective methodologies.
None of the quantitative studies focused their research on
developing or using validated measures for assessing ethics
(Table 2). The articles were grouped based on the different
health technol ogies or techniques central to the research. Based
on the meaning units taken from the articles’ description of the
respective technol ogies and techniques, 12 groupswereinitially
formed and then merged into 6 groups describing the different
types of technology areaswith limited overlap between the areas
(Table 2).

Of the 227 studies, 52.9% (n=120) had no direct reference to
the 4 basic ethical principles: beneficence, nonmaleficence,
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autonomy, and justice. Among the 107 studies referring to 1 or
more of the ethical principles, 244 references were made, of
which 33.2% (n=81) only mentioned them in passing, without
linking them to an ethical theory. The references referring to
an ethical principle and an ethical reasoning around ethical
theory (n=163) did so mainly in relation to consequentialism
(69.3%, n=113), followed by deontology (26.4%, n=43) and
virtue (4.3%, n=7; Table 3).

To understand the type of approach that the research on health
technology and techniques had and thus provide an

Figure 1. Flow diagram of the study selection process.
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understanding of the conceptual level the technologies and
techniques were studied and the connection to ethicsthat could
be made, the formulations of the aims in the articles were
studied. The specific aims of each article were examined to
understand the research approach, which was used to determine
the conceptual level of each study and provided clarity on the
connection to ethics. Based on Bloom taxonomy, most studies
(80.6%, 183/227) aim to use verbs at the conceptual levels of
knowledge, comprehension, and analysis. In contrast, studies
that investigated application, synthesis, and evaluation were
gparse (Table 4).

https://www.i-jmr.org/2022/2/e38745
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Table 2. Genera characteristics of included articles (n=227).
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Characteristic

Article, n (%)

Country? (n=309)

Africa

Asia

Europe

North America
Oceania

South America

Resear ch design (n=227)

Narrative literature reviews
Qualitative

Systematic literature reviews
Quantitative

Mixed method

Technology and technique (n=227)

Big data, information systems, and artificial intelligence
Technologies for treatment

Internet of things, eHealth, and mobile health

Gene editing and sequencing

Gene screening, testing, and diagnosis

Technologies for assistance

6(1.9)
17 (5.5)
127 (41.1)
123 (39.8)
30(9.7)
6(1.9)

170 (74.9)
30(13.2)
16 (7)
7(3.1)
4(1.8)

65 (28.6)
58 (25.6)
41 (18.1)
28 (12.3)
23(10.1)
12 (5.3)

8An article may have multiple countries of origin.

Table 3. Distribution of references to ethical principles and ethical reasoning around ethical theory (N=244).

Ethical principal

Virtue (n=7), n (%)

Deontology (n=43), n (%)

Consequentialism (n=113), n (%)

No references to ethical theory
(n=81), n (%)

Beneficence 1(14.3) 9(20.9) 21(18.6) 20 (24.7)
Nonmal eficence 1(14.3) 5(11.6) 18 (15.9) 17 (21)

Autonomy 4(57.1) 18 (41.9) 56 (49.6) 22(27.2)
Justice 1(14.3) 11 (25.6) 18 (15.9) 22(27.2)
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Table 4. Distribution of verbs used in the study aims according to Bloom taxonomy.

Category, verb Usage (N=227), n (%)
Evaluation
Assess 7(3.1
Consider 3(13)
Compare 2(0.9
Reflect 1(04)
Evaluate 1(0.4)
Synthesis
Propose 4(1.8)
Categorize 1(0.4)
Point out 1(0.4)
Develop 1(0.4)
Speculate 1(0.4)
Analysis
Explore 27(11.9)
Examine 20 (8.8)
Analyse 7.1
Investigate 6 (2.6)
Focus 3(1.3)
Encourage 2(0.9)
Study 1(0.4)
Stimulate 1(0.4)
Inquire 1(0.4)
Inventory 1(0.4)
Application
Present 10 (4.4)
Offer 3(13)
Contribute 3(13)
Show 2(0.9)
Determine 2(0.9)
Assist 1(0.4)
Inform 1(0.4)
Comprehension
Discuss 24 (10.6)
Review 13(5.7)
|dentify 13(5.7)
Highlight 8(3.5)
Understand 4(1.8)
Summarize 4(1.8)
[luminate 3(13)
Give 2(0.9
Classify 1(04
Orient 1(0.4)
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Category, verb Usage (N=227), n (%)
Knownledge

Provide 14 (6.2)

Address 11 (4.8)

Outline 8(35

Describe 4(1.8)

Introduce 1(0.4)

Underline 1(0.4)

Lay out 1(0.4)

Gather 1(0.4)

Discussion principles were used to describe either or none of the 3 ethical

Principal Findings

Ethics and health care are closely intertwined, and it is not easy
to discuss the moral principles presented in health care and the
technologies used within its practice without considering the
ethics involved. The findings show that more than 80% of the
studies were conducted in North America and Europe and few
in Africa and South America. These results are in line with
research suggesting that although there is increasing research
on digital health implementation in low- and middle-income
countries, there is a lack of in-depth discussions of the ethical
implications of health technologies in these settings [27]. The
findings also show that more than 80% of the studies were
literature reviews and that very few studies based their research
on empirical data. In addition, primarily objective quantitative
methodol ogies were sparse. These findingsindicate the lack of
discussion of the ethical issues concerning health technologies
and that the limited discussions available have apoor grounding
in empirical data. More then 50% of the included studies
researched big data, information systems, artificial intelligence,
and technologies used to provide various forms of treatment.
This could reflect a tendency to raise more ethical concerns
regarding implicationswithin these technology areasinstead of
genetics and gene technology, gene-based screening, and
technologies used for assi stance during illness and rehabilitation.
It could also reflect the current hype of applying heath
technol ogies based on health care dataand artificial intelligence
and that these technol ogies are more studied in general and with
low reference to actual application and empirical grounding
[28].

Itisbeneficial for thefield of ethicsin research and health care
education to recelve more measurable data in terms of the
verbiage and principles surrounding ethics concerning health
technology [2]. To understand how ethics have been analyzed,
we looked at the usage and dichotomy of ethical principlesin
studying and discussing health technol ogies. Evaluating ethical
principlism created adynamic framework for addressing ethical
dilemmas witnessed in medical practice and thus reflected in
the literature[29]. The peer-reviewed research articles’ content
was labeled using Beauchamp and Childress' [26] 4 principles
approach and the ethi cal theories describing virtue, deontol ogy,
and consequentialism. Either one, several, or none of the 4

https://www.i-jmr.org/2022/2/e38745

theories. The findings in this study echo the concept that
principlismitself does not set out asingle consistent or coherent
moral theory [29]. Therefore, viewing the dimensions and
intricacies of ethicsin patient care and clinical medicineisvital
to understanding the complexity of ethicsin health technology.
The studies were further analyzed using Bloom taxonomy of
measurable verbs [25]. Observing the arrangement of
measurable verbs beginning with knowledge, the most basic
level, and progressing through evaluation, the most complex
level, provides valuable insight into the dimensions that ethics
takesonin medical technology literature[30,31]. Understanding
the broadness of the term ethics provided agreater scope behind
how and why it is researched. Identifying ethics verbiage
through this additional taxonomy enhances our understanding
of the complexity of the research in which ethical issues are
researched [31,32]. Unfortunately, the framing of the research,
given the formulation of the research aims of the studies, had
uneven conceptual distribution and was primarily of lower
complexity.

Ethics informs education and professional standards, and
changes in ethics are becoming increasingly apparent through
the growing overlap between medicine and technology. The
appreciation for the impact of ethics on the field of medicine
increases as conversations about health technology application
in health care continues to grow [31,33]. By summarizing the
term “ethics’ in health technol ogy research, this study indirectly
contributes to both health technology and ethics and informs
practice and clinical decisionsmade every day [29]. In practice,
it is evident that little work is being done proactively in
identifying issues that might have unwanted or adverse results
on patients. Thus, practitioners need to be trained and practice
identifying and addressing ethical issues [34]. This practice
needs to be a pat of implementing and assessing new
technologies as part of the evaluation process [35]. In addition,
practitioners need to expand their curiosity beyond
understanding what technologies do and understand what it
does not do or does that is unwanted. Ethical committees and
university centers for bioethics should be essentia in helping
practitioners obtain the needed skill set [36]. Examining the
ethical and unintended effects as part of the research process
must be required. Similar to addressing the study’s limitations
and ensuring thefollowing of ethical guidelinesand regulations,
the researchers should consider the possible unintended effects
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and ethical issues of their research regardless of the type of
health technology [37]. This consideration will lead to ahigher
level of transparency and allow for guidance to practitioners as
they implement and evaluate new technologies. Finaly,
regarding education, all researchers of new health technologies
and techniques should have adequate training in ethics and how
to evaluate unintended and ethical effects resulting from their
work [36,37]. This thinking needs to transcend beyond the
study’s research ethics review to evaluate the impact of their
work. A study of whether a new technology is carried out
ethically does not necessarily mean that the technology itself
will not have ethical or undesirable effects. To integrate thisas
a standard in research on health technologies, supervisors and
committees involved in doctoral education have a crucia role
in ensuring that this education is an essential part of doctoral
training to establish it as a natural skill set for the next
generation of researchers, supervisors, and research leaders
[38].

Limitations

The selection of the samplein this study has both strengths and
limitations. To avoid difficultiesin defining the health relevance
of different techniques and their application, the search for
articleswaslimited to PubMed, the primary medical and health
science research database. The combination of searching using
keywordsfor ethics and technology based on WHO- and Global
Medica Device Nomenclature—predetermined terminologies
in this database gave asearch result including recordswith high
relevance to health technology in relation to human health. The
strength of this approach is that the inclusion of studies
concerning the technology’s rel evance to human health was not

Steerling et a

limited based on search terms but based on screening a large
number of records. The weakness of the approach is that
research with the same focus but found in other databases was
not included in the study. All screening and data extraction was
done in pairs, and the definitions and interpretations of the
inclusion and exclusion criteria were discussed in regular
meetings. The study focused on ethics in relation to health
technology in general, which gave an overview of how thefield
relates to issues regarding ethics. However, amore precise and
applicable result would have been obtained if the study had
been limited to amore precise technology area, such asbig data
and artificial intelligence. Due to limitations in the authors
language skills, only articles written in English were sought,
which isalimitation for the study.

Conclusion

This study shows that research about technology and ethics
predominantly focuses on intent rather than actual effect on
patients. Thislack of insight is problematic considering the vast
advancement of technol ogy in which ethics cannot keep up with
understanding and offer insights on addressing ethical issues.
A predominant focus on the ethical aspects of the direct
consequences of health technology means that more difficult
ethical considerations are overlooked, such as potentialy
unintended effects, researcher’s approaches to ethical issues,
and expectations on abiding to regulations and standards. This
finding identifies aneed for abroader approach to ethical issues
linked to health technology, something that should continue
from the training of new researchers, in the design and funding
of new research studies, and in the presentation and publication
of new research results.
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Abstract

Background: Vietham's 2045 development plan requires thorough reforms in science and technology, which underlines the
role of research-oriented universitiesin generating and transforming knowledge. Understanding the current research performance
and productivity in Vietnam isimportant for exploiting future agendas.

Objective: Thisstudy aimsto explore the growth patterns and collaborationsin the scientific publications of Vietnam.

Methods: Data on documents in the Web of Science Core Collection database were searched and extracted to examine the
research performance in Vietnam. Publication growth patterns in both quantity and quality were examined. The evolution of
research disciplines and collaboration networks were also analyzed. Trendsin the growth in the number of publications, citations,
and average citations per publication between 1966 and 2020 were presented. Temporal tendencies of the 10 most productive
research areas in each period wereillustrated. VOSviewer software was used to analyze the discipline network, country network,
and institution networks. The trends and the geographical distribution of the number of publications and citations were analyzed.

Results: A total of 62,752 documents in 8354 different sources from 1966 to 2020 were retrieved. A substantial growth was
observed in the Vietnamese scientific output during this period, which was mainly research with international collaboration.
Natural sciences such as mathematics, materials science, and physics were the top 3 most productive research fields during
1966-2020 in Vietnam, followed by experimental research fields such as multidisciplinary sciences, plant sciences, public,
environmental, and occupational health. In 1966-2020, there was the emergence of multidisciplinary research—oriented universities
in both public and private sectors along with a significant increase in the number of interdisciplinary and multidisciplinary
publications. Although the scientific quality has improved, these publications are still of mostly medium quality as they are
concentrated in middle-ranking journals.
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Conclusions: Our study highlights the notable growth in research performancein terms of both quality and quantity in Vietham
from 1966 to 2020. Building multidisciplinary and interdisciplinary research agenda, devel oping networks of local and international
researchers for addressing specific local issues, improving the participation of private sectors, and developing science and
technology mechanisms are critical for boosting the research productivity in Vietnam.

(Interact J Med Res 2022;11(2):€38591) doi:10.2196/38591

KEYWORDS

research; performance; productivity; scientometric; Vietham; Asia; metric; pattern; journal; publication; publishing; output;

science; scientific

Introduction

Investment in science and technology plays an important role
inthe growth of every country. The devel opment of science and
technology helps to generate new information and knowledge,
leading to a change in the production scale, labor productivity,
and economic growth, and thereby improving the country’s
competitiveness [1-3]. Since the “Doi Moi” renovation (1986)
and especially after joining the Association of Southeast Asian
Nations (1995), Vietnam has been increasingly paying attention
to scientific research and international publications. In 2017,
Vietnam spent 0.53% of the gross domestic product on research
and devel opment, which was up from 0.19% in 2011 [4]. There
have been many initiatives proposed to promote scientific
research and innovation activities in Vietnam, including the
establishment of national scientific research support funds such
as the National Foundation for Science and Technology
Development and the National Technological Innovation Fund,
Science and Technology Support Unitsin Ministries and local
governing bodies and educational and research institutions, as
well as the participation of private enterprises such as the
Vingroup Innovation Foundation. These initiatives require
publicationsin international journals or patents as compulsory
outcomes for every research grant. In terms of policy,
international publications or patents became a mandatory
requirement for doctoral students and their supervisors from
2017 [5] and for promoting the national Professor title since
2018 [6]. In addition, Vietnam's extensive integration process
inthe global economy has enabled scientiststo access financial
support from abroad and strengthen cooperation with other
high-income countries such as the United States of America,
Europe, Japan, Korea, and Australia [7]. These reasons have
contributed to the significant growth in the number of
publications in international peer-reviewed journals, thereby
improving Vietnam’s position on the global scientific map.

However, science, technology, and innovation in Vietnam will
confront many challenges in the coming time. A report
“Assessment of Science, Technology, and Innovation in
Vietnam,” published by the World Bank pointed out the barriers
for the development of science and technology in Vietnam,
including (1) limited institutional support framework for science
and technology, (2) shortage of high-quality knowledge
resources, (3) the immaturity and fragmentation in the policy
and research implementation, (4) underappreciation of research
and development activities in private and state-owned
enterprises, and (5) modest contribution of state universities
and research institutions [8]. Although the higher education

https://www.i-jmr.org/2022/2/e38591

sector accounts for more than half of the human resources for
science and technology (50.8%) and two-thirds of science and
technology products, the role of universities in creating
knowledge through science and technology activities is still
limited [8].

In 2020, the government of Vietnam proposed strategic plans
to actively participate in the Fourth Industrial Revolution and
promote a knowledge-based economy [9]. The Vietnamese
leader has also set agoa of developing the country from 2025
to 2030, with avision extending to 2045, in which universities
that are oriented to multidisciplinary research play a key role
in the innovation process and improve the labor productivity of
the Vietnamese people. This is a strategic transformation
direction, which requires a thorough study of the devel opment
process of universities, including the science and technology
capacity, to come up with long-term investment plans. Indeed,
globally, the involvement of research universities is positively
correlated with the economic growth of a nation [10]. It is
especially true in low-income countries that the research
universities can serve as a bridge in connecting domestic and
international social resources, promoting interdisciplinary
development and linkage between the economic regions of a
country [11].

To be able to propose appropriate policies and models to help
promote science and technol ogy activities and the devel opment
of research-oriented universities, it is necessary to have
assessments of the capacity in scientific research and
cooperation through quantity, structure, and international
publication quality in Vietnam. Evaluating the effectiveness of
investment in science and technology (or the productivity of
science and technol ogy) often encounters obstacl es because the
process of scientific and technological research rarely produces
specific commercialized products. Given that the essence of the
scientific research process is to generate information and
knowledge, scientific productivity can be quantified through
the quantity and quality of scientific productions such as patents
or publications in peer-reviewed journals. Previous research
results showed that the number of scientific publications in
peer-reviewed journalsis an important indicator of a country’s
socioeconomic development status [12-14]. Therefore, this
paper used a scientometric approach to explore the growth
patterns and collaborationsin scientific publicationsin Vietnam.
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Database

This study analyzed the data of Vietnamese scholars
international scientific papers and publications in the Web of
Science Core Collection database system. This database consists
of more than 21,100 journals, which are indexed in different
classification systems such as Science Citation Index Expanded,
Social Sciences Citation Index, Arts & Humanities Citation
Index, Emerging Sources Citation Index, and Conference
Proceedings Citation Index. This database was chosen because
the journalsin this system are considered to be of high quality,
which is important for measuring the outcomes of academic
and policy applications [15,16]. Additionaly, this system
provides comprehensive information of the scientific papers or
publications for analysis. The Web of Science system has been
used by many governments and higher education research
institutions to assess science and technology productivity and
research quality [17,18].

Sear ching Strategy

We utilized the tag “ CU=(Vietnam) OR CU=(Viet Nam)” for
searching data of all publications in the Web of Science Core
Collection until December 31, 2020 from Vietnam. These data
were downloaded and extracted into the Microsoft Excel
software. The criteriafor selecting the papers and publications
in the study included (1) publications (eg, papers, reviews,
conference proceedings, abstracts, commentaries, editorials,
news, other types of nonjournal publications) in the Web of
Science Core Collection database, (2) published in the English
language, and (3) having full information of the authors. Papers
were excluded if their author information was not available.
Each record contained the following information: authors,
addresg/dffiliation of each author, title, abstract, journal, number
of citations, time of download, scientific category, research
area, and funding. For examining collaboration networks, we
categorized the papers into 3 groups:. (1) papers with asingle
author; (2) domestic collaboration, if al authors of the paper
had ffiliationsin Vietnam; and (3) international collaboration,
if at least one author had an affiliation in aforeign country.

Data Analyses

We summarized the characteristics of the publications by using
descriptive statistics. Trends in the growth of the number of
publications, citations, and average citations per publication
between 1966 and 2020 were presented. We also divided the
study period into 4 intervals: before 1990, from 1990 to 1999,
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from 2000 to 2014, and from 2015 to 2020. Temporal tendencies
of the 10 most productive research areas in each period were
also illustrated. The VOSviewer software (Leiden University's
Centrefor Science and Technology Studies) was used to analyze
the discipline network, country network, and institution
networks. Microsoft Excel software was utilized to analyze the
trend and geographical distribution of the number of publications
and citations.

Results

Publication Output and Growth Trends

From 1966 to 2020, Vietnamese scientists had published 62,752
documents in 8354 different sources indexed in the Web of
Science Core Collection database. Table 1 shows the general
characteristics of the publications. The main type of scientific
publications was origina papers (58,509/62,752, 93.2%),
followed by meeting abstracts (2572/62,752, 4.1%) and review
papers (1992/62,752, 3.2%). There were 4791 (7.6%)
single-authored documents that were written by 2120 authors.
The mean numbers of authors per document, coauthors per
document, and documents per author were 1.95, 12.90, and
0.51, respectively.

Figure 1 summarizes the growth tendency of the publications
in Vietnam. Beginning with 6 documents from 1966, the number
of publications grew gradualy in the next 2 decades to reach
91 publicationsin 1989. The number of documentsin 1966-1989
accounted for 1.5% (956/62,752) of the total publicationsfrom
1966 to 2020. The number of publications increased more
rapidly in the next decade (1990-1999) and reached 296
publicationsin 1999. In the third period from 2000 to 2014, the
number of publications remarkably increased compared to that
in the second period. By the middle of the third period (2008),
the number of publications exceeded 1000 and reached 2793
publications in 2014. The total number of publications in this
period accounted for 27% (16,970/62,752) of the total
cumulative number of publications. However, in the fourth
period (2015-2020), the number of publications exploded and
outperformed that in the previous periods, accounting for 68.3%
(42,832/62,752) of the total number of publications. Figure 2
shows that there was a substantial increase in the number of
citations and the mean citation rate per year. Although
publications in 1966 had only 3 citations (for 5 publications)
with a mean citation rate at 0.1 per year, in 2020, the total
number of citations was 98,362 (for 13,691 publications) and
the mean citation rate was 7.18.
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Table 1. Main information regarding the collection and characteristics of the papers published by Vietnamese scientists.

Description Value
Main information (n)
Sources 8354
Documents 62,752
Mean citations per document 16.64
Mean citations per year per document 3.00
Document types (N=62,752), n (%)
Origina papers 58,509 (93.2)
Meeting abstracts 2571 (4.1)
Review papers 1992 (3.2)
Proceedings papers 1651 (2.6)
Other document types 2162 (6.9)
Authors (n)
Authors of single-authored documents 2120
Authors of multi-authored documents 120,351
Number of authors (N=62,752), n (%)
Single-authored documents 4791 (7.6)
Multiple-authored documents 57,961 (92.4)
Author collaboration (ratios)
Documents per author 0.51
Authors per document 195
Coauthors per document 12.90
Collaboration index 2.08

Figure 1. Theannual number of publications and the cumulative number of publications in Vietnam.
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Figure 2. The annua number of citations and mean citation rate per year.
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Evolution of Research Disciplines

Figure 3 illustrates the shift in the top 15 most productive
research disciplinesin different periods. Overall, natural sciences
such as mathematics, materials science, and physics were the
top 3 most productive research fields during 1966 to 2020 in
Vietnam, followed by the experimental research fields such as
multidisciplinary sciences, plant sciences, public, environmental,
and occupational health.

Figure 4 showsthe network analysis of the research disciplines.
Overdll, there were 6 main clusters of research fields in the
international publications by Vietnam scholars: (1) clinica
medicine and biomedicine (dark blue), (2) social sciences
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(green), (3) bioinformatics and life sciences (purple), (4)
mathematics, physics, and materials science (red), (5) chemistry
(light blue), and (6) earth science (yellow). Researches were
mainly conducted among fields that were relatively similar
(such as sociad  sciences—clinical  medicine  or
bi omedicine-bioinformatics).

Table 2 shows that in the last 2 periods, multidisciplinary
researches had a significantly higher rate of having funding
compared to research studies with only 1 discipline. Moreover,
the mean citation rate per document among studies with 1
discipline was lower than that in other groups in 2015-2020,
but the difference was relatively small.
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Figure 3. Changesin the top 15 most productive research disciplinesin Vietnam. The dotted line indicates that the number of papersin that discipline
reduced in the next period, while the solid line indicates that the number of papersin that discipline increased in the next period.
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Figure 4. Network of the research disciplinesin Vietnam.
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Table 2. Number of documents, documents with funding, and mean citation rate per document according to the number of research disciplines.

Characteristics

Number of research disciplines

1discipline 2-3 disciplines >3 disciplines

Documents (n)

Before 1990 650 297 9

1990-1999 1070 863 61

2000-2014 8302 8139 529

2015-2020 22,723 18,260 1849
Documentswith funding, n (%)

Before 1990 0(0) 0(0) 0(0)

1990-1999 24(2.2) 45 (5.2) 0(0)

2000-2014 4137 (49.8) 3993 (49.1) 289 (54.6)

2015-2020 14,305 (63) 12,498 (68.4) 1387 (75)
Mean citation rate per document

Before 1990 5.56 8.01 9.00

1990-1999 18.82 21.34 10.28

2000-2014 28.35 26.08 24.87

2015-2020 12.43 12.69 12.92

Journals documents, accounting for 14.38% of the total national

Table S1 of Multimedia Appendix 1 shows the top 15 most
active journals (of the 8354 sources of publications) in
publishing researches from Vietnam based on the total number
of publications. Overall, most of these journals were
middle-ranking journals (second to third quartile according to
the Web of Science classification). Consistent with the result
above, the number of publications in these journals increased
significantly from 2000 to 2020. Notably, in recent years, mega
journals such as PLOS One, Scientific Reports, or Sustainability
seem to be pervasive with a high number of publications from
Vietnam compared to other specialized journals.

Contribution of Institutions and L ocalities

Table S2 in Multimedia Appendix 1 presents the top 20 most
productive Vietnamese ingtitutions. It should be noted that 1
author could have 2 or more addresses or could be affiliated
with 2 or more ingtitutions. Vietham Academy of Science and
Technology was the most productive institution (with 11,080

https://www.i-jmr.org/2022/2/e38591

publications). Seventeen other institutions had more than 1000
documents published in international sources. Nineinstitutions
were located in the northern region, while 8 institutions were
located in the southern region, and 3 institutions were located
in the central region of Vietham. Among 20 institutions, only
2 universities (Ton Duc Thang University and Duy Tan
University) were private institutions.

Table 3 depicts the geographical variations in the documents
having Vietnamese scholars as the first author or as the
corresponding author. In general, Hanoi, Ho Chi Minh City, Da
Nang, Thua Thien Hue, Can Tho, and Thai Nguyen were the
main cities with the highest number of publications that met
thiscondition, and al of these cities had more than 1000 papers
in total. These provinces also had the highest number of
publicationswith Vietnamese scholars as corresponding authors.
Notably, ailmost al provinces had lower mean citation rates
among documents with Vietnamese as the first author and
corresponding authors than the mean citation rate of 16.64 for
all published documentsin Vietnam, as shown in Table 3.
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Table 3. Total number of documents and the mean citations per document in 63 provinces.

Order  Total number of documents Vietnamese as the corresponding author Vietnamese as the first author
Provinces Documents Meancita=  Provinces Documents Meancita=  Provinces Documents  Mean cita-
(n) tion per docu- (n) tion per docu- (n) tion per
ment ment document
1 HaNoi 31,245 17.5 HaNoi 13,929 9.6 HaNoi 7968 7.5
2 Ho Chi Minhcity 23,457 18.7 Ho Chi 12,995 133 Ho Chi 5527 7.3
Minh city Minh city
3 DaNang 5792 17.9 DaNang 2449 130 DaNang 543 6.6
4 ThuaThienHue 1876 16.9 ThuaThien 686 6.4 ThuaThien 369 5.2
Hue Hue
5 Can Tho 1646 16.9 Can Tho 459 7.6 Tha Nguyen 260 44
6 Tha Nguyen 1134 79 Tha Nguyen 372 6.1 Can Tho 242 55
7 Hai Phong 650 10.6 Nghe An 163 51 Nghe An 202 4.8
8 Binh Duong 465 10.2 Binh Duong 162 7.8 ThanhHoa 155 7.3
9 Dong Thap 431 16.1 Binh Dinh 137 6.5 Binh Dinh 132 5.6
10 Khanh Hoa 411 14.9 Dong Thap 128 10.3 Binh Duong 109 44
11 Nghe An 400 7.6 Ha Phong 127 7.8 LamDong 94 6.2
12 Dong Nai 300 12.0 Bac Giang 103 8.9 Dong Thap 81 6.8
13 Binh Dinh 292 9.0 KhanhHoa 96 118 Dong Nai 67 6.6
14 Thanh Hoa 279 104 LamDong 85 7.7 Ha Phong 65 2.6
15 Lam Dong 229 117 Dong Nai 78 8.7 ThanhHoa 48 118
16 Vinh Phuc 204 7.0 ThanhHoa 72 10.1 Quang Binh 37 6.5
17 An Giang 198 10.1 An Giang 60 55 Hung Yen 30 7.1
18 Hung Yen 194 8.2 Dien Bien 52 7.9 SonlLa 25 3.0
19 Dak Lak 174 10.7 Dak Lak 49 9.8 Dak Lak 24 9.0
20 Bac Ninh 173 16.3 Quang Binh 48 6.2 BaRiaVung 23 120
Tau
21 Phu Tho 155 12.2 BaRiaVung 43 137 An Giang 21 6.9
Tau
22 Quang Binh 138 6.4 Hung Yen 39 7.9 Phu Tho 19 45
23 Long An 133 6.9 TraVinh 38 4.6 Quang Nam 16 4.9
24 Thai Binh 132 34.2 VinhPhuc 36 41 TienGiang 14 30
25 TraVinh 132 6.5 Bac Ninh 35 16.4 NinhBinh 10 8.3
26 BaRiaVung Tau 128 111 Phu Tho 33 5.8 Tuyen 10 37
Quang
27 Tien Giang 114 18.4 SonlLa 30 8.8 Phu Yen 8 13
28 SonLa 113 93.0 Long An 23 6.7 Thai Binh 7 16.4
29 Hai Duong 105 6.8 Thai Binh 20 7.2 Hai Duong 6 0.5
30 Dien Bien 98 7.0 Phu Yen 19 6.5 Long An 6 4.0
31 Quang Tri 79 5.6 Quang Nam 17 5.8 Ninh Thuan 6 25
32 Quang Ninh 78 10.1 Ha Duong 15 6.8 VinhLong 6 0.5
33 Ninh Binh 71 204 TienGiang 14 6.9 Bac Ninh 5 184
34 Phu Yen 71 81 Tuyen 13 24 HaTinh 4 0.0
Quang
35 Quang Nam 67 7.1 Kon Tum 12 6.8 QuangNgai 4 15
36 Binh Thuan 50 19.2 Quang Tri 12 3.6 Quang Ninh 4 1.0
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Order  Total number of documents Vietnamese as the corresponding author Vietnamese as the first author
Provinces Documents Meancita=  Provinces Documents Meancita=  Provinces Documents  Mean cita-
(n) tion per docu- (n) tion per docu- (n) tion per
ment ment document
37 Tuyen Quang 50 54 VinhLong 11 0.9 Quang Tri 4 2.0
38 Vinh Long 50 7.6 Ninh Binh 10 9.9 VinhPhuc 4 0.3
39 Quang Ngai 46 8.2 Ninh Thuan 8 2.8 KienGiang 3 13
40 Kien Giang 44 11.3 QuangNgai 7 54 Binh Thuan 2 15
41 Ninh Thuan 37 199 HaTinh 6 0.3 HaGiang 2 2.0
42 HaTinh 33 8.6 HauGiang 5 50 HaNam 2 6.5
43 GialLai 32 4.0 Nam Dinh 4 3.0 Kon Tum 2 245
44 Kon Tum 32 12.2 HaNam 3 7.3 Lao Ca 2 0.0
45 Nam Dinh 29 5.0 KienGiang 3 33 Nam Dinh 2 0.0
46 HaNam 27 14.7 Quang Ninh 3 2.3 Soc Trang 2 20.5
47 CaMau 25 179 Binh Phuoc 2 25 Bac Giang 1 0.0
48 Lao Cai 24 5.6 Binh Thuan 2 8.0 Ben Tre 1 5.0
49 HoaBinh 23 7.0 HoaBinh 2 0.5 CaMau 1 0.0
50 Hau Giang 21 54 Lao Ca 2 0.0 Dien Bien 1 0.0
51 Soc Trang 19 10.7 Soc Trang 2 30.0 GiaLai 1 0.0
52 Ben Tre 17 9.9 Yen Bai 2 3.0 HauGiang 1 20
53 Bac Giang 16 6.1 Ben Tre 1 3.0 Lang Son 1 0.0
54 Binh Phuoc 16 12.3 CaMau 1 6.0 Tay Ninh 1 20
55 Lang Son 16 17.1 GiaLai 1 1.0 BacKan 0 N/AZ
56 Bac Lieu 15 6.3 HaGiang 1 10 Bac Lieu 0 N/A
57 Ha Giang 11 85 Lang Son 1 5.0 Binh Phuoc 0 N/A
58 Tay Ninh 6 5.7 Bac Kan 0 N/A Cao Bang 0 N/A
59 Yen Bai 6 13.7 Bac Lieu 0 N/A Dak Nong 0 N/A
60 Lai Chau 4 13 Cao Bang 0 N/A HoaBinh 0 N/A
61 Bac Kan 2 4.0 Dak Nong 0 N/A Lai Chau 0 N/A
62 Cao Bang 2 19.5 Lai Chau 0 N/A TraVinh 0 N/A
63 Dak Nong 2 7.0 Tay Ninh 0 N/A Yen Bai 0 N/A

8N/A: not applicable.

International Collaborations

According to theretrieved data set, Vietnam had collaborations
with more than 200 countries and territoriesfrom 1966 to 2020.
Table S3 in Multimedia Appendix 1 shows the top 15 most
productive countries, which had collaborationswith Viethamese
scholars. Based on the total number of publications (62,752
publication), South Korea ranked first with 3716 documents
(5.9%), followed by Japan (3625/62,752, 5.8%), China
(3388/62,752, 5.4%), and the United States of America
(3049/62,752, 4.9%).

Figure5illustratesthe networks of collaborationswith Vietnam
in research. The size of the box indicates the number of
publications, while the thickness of the line shows the strength
of the collaborations. The collaborations were divided into 4

https://www.i-jmr.org/2022/2/e38591

clusters. The red cluster indicates strong connections with
European (eg, Portugal, Greece, Turkey), African (eg, Ethiopia,
Kenya), and South American countries (eg, Venezuela, Cuba).
The green cluster is primarily formed by eastern and Southeast
Asian countries (eg, South Korea, Japan, Singapore). The blue
cluster includes countries from the Middle East (eg, Saudi
Arabia, Irag, Iran). The yellow cluster is formed by other
countries (in no particular geographical grouping), including
the United States of America, China, or France.

Table 4 shows the trend of the collaborative statusin document
publishing in Vietnam. In general, the levels of international
collaboration in al 3 types, namely, first author, corresponding
author, and collaborative status, have decreased significantly
over time. The proportion of research with international authors
being funded was significantly higher than that of studies with
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only domestic authors, especially in the period of 2015-2020. than those with foreign scholars as the first and corresponding
Notably, studies with Vietnamese as the first or corresponding  authors.
authors have a higher degree of influence (through citations)

Figure5. Cooperation network of partner countries and Vietnam.
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Table 4. Number of documents, number of documents with funding, and mean citation rate per document published from 1966 to 2020 in different

periods.
Characteristics  First author Corresponding author Collaborative status
Domestic International Relativein- Domestic International Relativein- Domestic International  Relativein-
dex® dex dex

Documents, n (%)
Before 1990 4 (0.42) 952 (99.58) 238.00 513 (53.66) 443(46.34) 0.86 20 (2.09) 936 (97.91) 46.80
(n=965)
1990-1999 108 (5.42) 1886 (94.58) 17.46 749 (37.56) 1245(62.44) 1.66 150 (7.52) 1844(92.48) 12.29
(n=1994)
2000-2014  3127(18.43) 13,843 443 6303(37.14) 10,667 1.69 3341(19.69) 13,629 4.08
(n=17,970) (81.57) (62.86) (80.31)
2015-2020 15,421 (36) 27,411(64) 1.78 24,596 18,236 0.74 10,861 31,971 2.94
(n=42,832) (57.42) (42.58) (25.36) (74.64)

Documentswith funding, n (%)
Before 1990 0 (0) 0(0) N/AP 0(0) 0(0) N/A 0(0) 0(0) N/A
1990-1999 6 (5.56) 63 (3.34) 0.60 16 (2.14) 53 (4.26) 1.99 1(0.67) 68 (3.69) 5.53
2000-2014  1739(55.61) 6680(48.26) 0.87 3247(51.52) 5172(48.49) 0.94 1609(48.16) 6810(49.97) 1.04
2015-2020  9713(62.99) 18,477 107 15,177 13,013 116 6391(58.84) 21,799 116

(67.41) (61.71) (71.36) (68.18)

M ean citation rate per document
Before1990 2.25 4.10 1.82 3.96 2.39 0.60 5.80 0.55 0.10
1990-1999  13.99 5.66 0.40 10.45 9.20 0.88 8.09 11.56 143
2000-2014  18.82 8.34 0.44 18.45 8.70 0.47 13.33 13.82 1.04
2015-2020 8.30 4.26 0.51 9.34 3.22 0.34 5.69 6.87 121

8Relative index was cal culated by dividing the proportion of documents with international collaboration to the proportion of documents with domestic
collaboration or by dividing the mean citation rate per document with international collaboration to the mean citation rate per document with only

domestic collaboration.
BN/A: not applicable.

Discussion

Overview

A knowledge-based economy requires a country to heavily
invest in science and technology in addition to receiving
technology transferred from other countries. Devel oping science
and technology based on Vietham's internal resources is an
essential component for promoting economic growth and
creating breakthroughs in productivity, quality, efficiency, and
increasing competitiveness for sustainable socioeconomic
development. This study reviewed the devel opment of research
performance in Vietnam in the period from 1966 to 2020,
thereby identifying the trends in the development of science
and technology in Vietnam, the contribution of research-oriented
universities, and the discovering factors that need to be
addressed to improve and enhance the science and technology
capacity of Vietnam.

Principal Findings

Our results indicated that Vietnam’s research productivity has
been improving significantly, especialy in the recent 5 years
(from 2015 to 2020). Thisisreflected in the number of scientific
documents in 2020 (13,691 documents), which increased by
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nearly 50% compared to that in 2019 (9415 documents). This
can be explained by the fact that during this period, specific
policiesand activitiesaimed at promoting innovationin Vietnam
from the government side as well as the formation of science
funds have made significant contributions to the devel opment
of science and technology. In addition, in someresearch-oriented
universities, policies on money rewards of universities and
research institutes for scientific papersin international journals
increased the motivation and research performance of
Vietnamese researchers. However, despite the significant
progress, the knowledge contribution of Viethamese scholars
isstill modest compared to those in other countries even in the
Association of Southeast Asian Nationsregion, suchasMalaysia
(24,423 documents in 2020), Thailand (16,697 documents in
2020), or Singapore (23,225 documents in 2020), according to
statistics of the Web of Science database [19]. Furthermore, the
number of scientific publications as of December 14, 2021
(12,783 publications) was almost equal to that in 2020, showing
that science and technology activities in Vietnam are slowing
down [19]. This phenomenon could be attributable to the
COVID-19 pandemic; however, it might be a concerning
indicator showing that current policies are being saturated.
Therefore, a breakthrough in the development policy is
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necessary for promoting Vietnam'’s science and technol ogy and
the contribution of research-oriented universitiesin Vietnam.

With a large population (nearly 100 million people) and large
sociaization resources from the private sector, Vietham's
potential for science and technology development is substantial.
However, in Vietnam, the proportion of higher education (eg,
undergraduate, postgraduate education) accounts for less than
30%, and the rate of the population engaged in research and
development activities was only 887 people per million people
in 2017, which is much lower than that in Thailand (1632 per
million people in 2016) or Malaysia (2859 per million people
in 2016) [8]. In addition, the results of this study showed that
the role of private research institutions was not strong in the
period of 1966-2020. In the top 20 research ingtitutions with
the highest scientific productivity, there were only 2 private
universities. A report by the Ministry of Science and Technology
showed that the innovation level of private organizations in
Vietnam was lesser than expected when compared to that in
other countries with similar income per capita; for example,
only 53% of Vietnamese innovators informed new productsin
the market, whilethis proportion was 75% in Malaysiaand 86%
in Thailand [8]. This can be explained by the fact that the
majority of private universities are mainly application-oriented
universities, which were suitable for career guidance, while
there were only few research-oriented universities [20].
However, currently, many private universities have announced
the development of strong research groups with large
investments. Thisis amodel that has proven effective in other
countries around the world [21-24]. Therefore, the launch of
private universities in the science and technology map of
Vietnam is expected to be more common in the coming period.

Findingsin the analysis of journalsand citations depicted those
Vietnamese studies that were mainly published in
middle-ranking journals. In addition, although research quality
had improved with an increase in the mean number of citations
per document over the years, this level is till not comparable
to that in other countries in the Association of Southeast Asian
Nations region [12]. Promoting interdisciplinary research isan
effective way to improve research quality [25,26]. In this study,
the results showed the shift in the priority research fields of
Vietnam over the period of this study. In the period before 2015,
research topicsfocused on theoretical areas such as mathematics
or physics. However, in the recent period, research has been
performed and published more frequently in the experimental
and applied fields. Interdisciplinary and multidisciplinary
research has been becoming a trend gradually in response to
the increasingly complex domestic and international contexts.
The involvement of multidisciplinary fields aids to solve
problems from different aspects of issues, thereby significantly
improving the quality of research. For example, research related
to the topic of COVID-19 in 2020 involved the fields of
biomedicine, bioinformatics, and mathematics to build
epidemiological models for early warnings [27]. Therefore,
policies that promote multidisciplinary and interdisciplinary
research should also be included in science and technology
policies.

International publications are contributed by major academic
centers in major localities such as Hanoi, Ho Chi Minh City,

https://www.i-jmr.org/2022/2/e38591
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Da Nang, Hue, Thai Nguyen, and Can Tho. This can be
explained by the low level of English literacy of scientistsin
other localities [28]. However, this is mainly due to limited
resources being available, and most of the resources are
distributed in the provinces where strong research centers are
concentrated. Thismay lead to alack of science and technology
development in other regions, especially in the mountainous
and coastal provinces. However, these are the localities with
specific scientific research problems that are valuable in
contributing to global knowledge. Indeed, scientific evidence
on natural and sociocultural issuesin these vulnerablelocalities
in the Web of Science Core Collection databaseis still limited.
Therefore, developing key science programsto promote research
strengths in these regions should be prioritized in national
science and technology agendas. In addition, the cooperation
network between strong research centers and local research
units should be strongly encouraged to improve the scientific
productivity and scientific research capacity of research
institutions in these less devel oped regions.

Similar to those in previous analyses, findings in this study
showed that despite a gradual decline in recent years, the
contribution of international collaborations to the total number
of publicationsis huge (through the position of thefirst author,
corresponding authors, and fundings) [7,22,23]. This is
especialy truein empirical research fields, which require great
investment in equipment and technology as well as technology
transfer activities from countries with more advanced science.
In practice, international collaborations are indispensable for
promoting science and technology. These partnershipsfacilitate
access to high-quality human, financial, and infrastructure
resources for conducting research [29]. Thisisreflected in that
documentswith international collaborations had a higher mean
citation per document than documents with only domestic
collaborations. This result is similar to that reported in some
previous studies, which showed that studies with international
collaborations received more attention and had more citations
[30,31]. Therefore, participating in global scientific and
technological networks and calling for the participation of
scientists around the world is essential. Noticeably, from 1990
onwards, documents with Vietnamese as the first author and
corresponding author had higher mean citations per document
in comparison with documents in which international scholars
were the first or corresponding authors. This interesting result
further confirmsthat therole of Vietnamesein leading research
should be promoted.

Implications

This study had several implications for developing policies to
improve science and technology not only in Vietham but also
in other low-income countries with a similar socioeconomic
background. Currently, Vietnam is facing 2 major challenges.
In the global context, the post—COV ID-19 pandemic economic
downturn and the rapid change in science and technology during
the Fourth Industrial Revolution have greatly influenced the
development of Vietnam owing to the country’s strong
participation inthe global economy [8]. In the domestic context,
the shortage of high-quality human resources, limited financial
resources, and inappropriate policy mechanismsare the critical
barriers to research and innovation. According to a report by
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the Ministry of Science and Technology of Vietnam and the
World Bank, in the coming years, Vietnam will spend at least
2% of gross domestic product on science and technology
activitiesaswell asincrease the number of people participating
in science and technol ogy activitiesfrom 887 people per million
people to 1100-1200 people per million people [8]. However,
national and regional science and technol ogy devel opment plans
need to develop strategic activities. Lessons learned from this
study suggest that in Vietnam aswell asin other countrieswith
similar background, promoting multidisciplinary research and
local research network to address local demands, developing
rigorous and transparent mechanismsfor science and technology
activities to meet the international standards, improving
sociaization in research, aswell as actively participating in the
global science and technology network would be the solutions
for the development of science and technology in the long run.

Strengths and Limitations

One of the strengths of this study isthe detailed analysis of the
characteristics of every single document, regarding authors,
journals, citations, and affiliations. Besides, we analyzed the
publicationsin Vietnam for along period (from 1966 to 2020),
which alowed us to understand the patterns of publication
growth and collaborations in Vietham. However, several
limitations should be acknowledged. First, our analysis was

Acknowledgments
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mainly based on the Web of Science data set with English
language documents. Thus, documents from sources that were
not indexed in the Web of Science database were not included.
Second, given the constrained English knowledge of Vietnamese
scholars, our analysis might underestimate the true science and
technology output in Vietnam. Morerigorous studieswith other
databases, different languages, and other methods (such as desk
review or qualitative interviews) for measuring science and
technology should be performed to el ucidate the status of science
and technology in Vietham as well asin other countries.

Conclusion

Our study highlights the substantial growth in the Vietnamese
scientific output from 1966 to 2020. The published documents
were mainly concentrated in several strong scientific research
institutions in a few localities of Vietnam and were often
published in middle-ranking journals. International collaborative
studies played amajor roleinimproving the quality of research,
but Vietnamese-led studies were more influential than other
studies|ed by international authors. Building networks of local
and international researchersfor addressing specific local issues,
promoting the participation of private sectors, and developing
science and technology mechanisms are critical for boosting
the research productivity in Vietnam.

We would like to sincerely thank the Youth Research Institute and Vietnam Young Physicians' Association for supporting this
study. This study (BT KXDTN 21-12) was funded under the decision 1440a QD/TWDTN-VNCTN by the Youth Research
Ingtitute, Hanoi, Vietnam. The data that support the findings of this study are available from the Vietnam Young Physicians
Association, but restrictions apply to the availability of these data, which were used under license for this study, and therefore,
are not publicly available. Data are, however, available from the authors upon reasonable request and with permission from
Vietnam Young Physicians’ Association (contact: bach.ipmph2@gmail.com).

Authors Contributions

BXT, LHN, and RCMH conceptualized this study. BXT, HASN, TMTV, ALD, and NTNK curated the data for this study. BXT,
HASN, TMTV, ALD, and TTHT performed the formal analysis for this study. BXT, LTKN, CL, CSHH, and RCMH conducted
theinvestigationsfor thisstudy. BXT, LHN, HASN, ALD, and NTNK contributed to the methodology of this study. BXT, CSHH,
and RCMH supervised this study. BXT, TMTV, LTKN, NTNK, TTHT, and CL wrote the original draft. BXT, LHN, LTKN,
TTHT, CL, and CSHH reviewed and edited this paper.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Supplementary data.
[DOCX File, 24 KB - ijmr_v11i2e38591 appl.docx ]

References

1. Kaufmann A, Todtling F. Science-industry interaction in the process of innovation: the importance of boundary-crossing
between systems. Research Policy 2001 May;30(5):791-804 [FREE Full text] [doi: 10.1016/s0048-7333(00)00118-9]

2. Gantman ER. Economic, linguistic, and political factorsin the scientific productivity of countries. Scientometrics 2012
Apr 13;93(3):967-985. [doi: 10.1007/s11192-012-0736-3]

3. Antondlli C, Fassio C. Academic knowledge and economic growth: are scientific fieldsall alike? Journal of Socio-Economic
Review 2016;14(3):1. [doi: 10.1093/ser/mwv025]

https://www.i-jmr.org/2022/2/€38591 Interact JMed Res 2022 | vol. 11 | iss. 2 [e38591 | p.137

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=ijmr_v11i2e38591_app1.docx&filename=40224e00a438b62de71339919237a1f8.docx
https://jmir.org/api/download?alt_name=ijmr_v11i2e38591_app1.docx&filename=40224e00a438b62de71339919237a1f8.docx
https://doi.org/10.1016/S0048-7333(00)00118-9
http://dx.doi.org/10.1016/s0048-7333(00)00118-9
http://dx.doi.org/10.1007/s11192-012-0736-3
http://dx.doi.org/10.1093/ser/mwv025
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Tran et a

4.  Research and development expenditure (% of GDP)-Vietnam. The World Bank. URL : https://data.worldbank.org/indicator/
GB.XPD.RSDV.GD.ZS?ocations=V N [accessed 2020-01-01]

5. Circular No. 08/2017/TT-BGDDT: Introducing regulations on doctoral enrollment and training. Ministry of Education and
Training, Hanoi. 2017 Jan 01. URL: https://vanbanphapluat.co/circular-08-2017-tt-bgddtdoctoral -enrol ment-and-training
[accessed 2022-07-05]

6.  Standards and procedures for consideration of recognition of accreditation and appointment to professor or associate
professor title; procedures for cancellation of recognition and removal of professor or associate professor title. Thu Vien
Phapluat Vietnam. 2020 Jan 01. URL : https://thuvienphapluat.vn/van-ban/EN/Giao-duc/

Decision-37-2018-QD-T Tg-standards-recognition-of -accreditati on-and-appoi ntment-to-prof essor-title/397493/tieng-anh.
aspx [accessed 2022-07-05]

7.  Nguyen TV, Ho-Le TR, Le UV. International collaboration in scientific research in Vietnam: an analysis of patterns and
impact. Scientometrics 2016 Dec 28;110(2):1035-1051. [doi: 10.1007/s11192-016-2201-1]

8.  Akhlague A, Frias J, Cirera X. Vietnam: science, technology, and innovation report-policy brief (English). The World
Bank. URL: https://policycommons.net/artifacts/1816004/vietham/2552463/ [accessed 2020-01-01]

9.  2289/QD-TTg Adopting the national strategy for fourth industrial revolution by 2030 (2020). Socialist Republic of Vietnam.
URL: https.//vanbanphapl uat.co/decis on-no-2289-qd-ttg-2020-the-nati onal -strategy-for-fourth-industrial -revol ution-by-2030
[accessed 2020-01-01]

10. Valero A, Van RJ. How universities boost economic growth. Ideas RePEC. URL : https://ideas.repec.org/p/cep/cepcnp/488.
html [accessed 2020-01-01]

11. Altbach PG. Peripheries and centers: research universities in developing countries. Asia Pacific Educ. Rev 2009 Apr
24;10(1):15-27. [doi: 10.1007/s12564-009-9000-9]

12.  Tran BX, Ohinmaa A, Nguyen LT, Nguyen TA, Nguyen TH. Determinants of health-related quality of life in adults living
with HIV in Vietnam. AIDS Care 2011 Oct;23(10):1236-1245. [doi: 10.1080/09540121.2011.555749] [Medline: 21711211]

13. DeMoya-Anegdn F, Herrero-Solana V. Science in americalatina: A comparison of bibliometric and scientific-technical
indicators. Scientometrics 1999 Oct;46(2):299-320. [doi: 10.1007/bf02464780]

14. Inglesi-Lotz R, Pouris A. Theinfluence of scientific research output of academics on economic growth in South Africa:
an autoregressive distributed lag (ARDL) application. Scientometrics 2012 Jul 21;95(1):129-139. [doi:
10.1007/s11192-012-0817-3]

15. Birkle C, Pendlebury DA, Schnell J, Adams J. Web of Science as a data source for research on scientific and scholarly
activity. Quantitative Science Studies 2020 Feb;1(1):363-376. [doi: 10.1162/gss a 00018]

16. ZhuJ, LiuW. A tale of two databases: the use of Web of Science and Scopusin academic papers. Scientometrics 2020 Feb
22;123(1):321-335. [doi: 10.1007/s11192-020-03387-8]

17. ShanghaiRanking's Academic Ranking of World Universities Methodol ogy 2020. URL : https.//www.shanghairanking.com/
methodol ogy/arwu/2020#:~:text=A RWU%20cons ders%20every%20university%620that,(SSCI ) %20are%20al so0%20i ncluded
[accessed 2020-01-01]

18. World university rankings 2015-2016. Times Higher Education. URL : https://www.timeshighereducation.com/
world-university-rankings/2016/world-ranking/methodol ogy#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
[accessed 2020-01-01]

19. Web of science. Clarivate. URL: https://clarivate.com/products/web-of -science/databases/ [accessed 2020-01-01]

20. Nguyen TLH. A review of university research development in Vietham from 1986 to 2019. Higher education in
market-oriented socialist Vietnam 2020 Jan 01:2020-2086. [doi: 10.1007/978-3-030-46912-2_4]

21. Kwiek M. High research productivity in vertically undifferentiated higher education systems: Who are the top performers?
Scientometrics 2018;115(1):415-462 [FREE Full text] [doi: 10.1007/s11192-018-2644-7] [Medline: 29527074]

22. Hien PD. A comparative study of research capabilities of East Asian countries and implications for Vietnam. High Educ
2010 Feb 24;60(6):615-625. [doi: 10.1007/s10734-010-9319-5]

23. Pham-Duc B, Tran T, Trinh T, Nguyen T, Nguyen N, Le H. A spikein the scientific output on social sciencesin Vietnam
for recent three years: Evidence from bibliometric analysisin Scopus database (2000-2019). Journal of Information Science
2020 Nov 30:016555152097744. [doi: 10.1177/0165551520977447]

24. Ajjawi R, Crampton P, Rees C. What really matters for successful research environments? A realist synthesis. Med Educ
2018 Jul 24:936-950 [FREE Full text] [doi: 10.1111/medu.13643] [Medline: 30043516]

25. Levitt M, Thelwall M. Is multidisciplinary research more highly cited? A macrolevel study. J. Am. Soc. Inf. Sci 2008
Oct;59(12):1973-1984. [doi: 10.1002/asi.20914]

26. Lemmink J. The need for more multidisciplinary research. International Journal of Service Industry Management 2005 Jan
01:16-19. [doi: 10.1108/09564230510587122]

27. Tran BX, HaGH, Nguyen LH, Vu GT, Hoang MT, Le HT, et a. Studies of Novel Coronavirus Disease 19 (COVID-19)
Pandemic: A Globa Analysisof Literature. Int J Environ Res Public Health 2020 Jun 08;17(11):4095 [FREE Full text]
[doi: 10.3390/ijerph17114095] [Medline: 32521776]

https://www.i-jmr.org/2022/2/e38591 Interact JMed Res 2022 | vol. 11 | iss. 2 [€38591 | p.138

RenderX

(page number not for citation purposes)


https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?locations=VN
https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?locations=VN
https://vanbanphapluat.co/circular-08-2017-tt-bgddtdoctoral-enrolment-and-training
https://thuvienphapluat.vn/van-ban/EN/Giao-duc/Decision-37-2018-QD-TTg-standards-recognition-of-accreditation-and-appointment-to-professor-title/397493/tieng-anh.aspx
https://thuvienphapluat.vn/van-ban/EN/Giao-duc/Decision-37-2018-QD-TTg-standards-recognition-of-accreditation-and-appointment-to-professor-title/397493/tieng-anh.aspx
https://thuvienphapluat.vn/van-ban/EN/Giao-duc/Decision-37-2018-QD-TTg-standards-recognition-of-accreditation-and-appointment-to-professor-title/397493/tieng-anh.aspx
http://dx.doi.org/10.1007/s11192-016-2201-1
https://policycommons.net/artifacts/1816004/vietnam/2552463/
https://vanbanphapluat.co/decision-no-2289-qd-ttg-2020-the-national-strategy-for-fourth-industrial-revolution-by-2030
https://ideas.repec.org/p/cep/cepcnp/488.html
https://ideas.repec.org/p/cep/cepcnp/488.html
http://dx.doi.org/10.1007/s12564-009-9000-9
http://dx.doi.org/10.1080/09540121.2011.555749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21711211&dopt=Abstract
http://dx.doi.org/10.1007/bf02464780
http://dx.doi.org/10.1007/s11192-012-0817-3
http://dx.doi.org/10.1162/qss_a_00018
http://dx.doi.org/10.1007/s11192-020-03387-8
https://www.shanghairanking.com/methodology/arwu/2020#:~:text=ARWU%20considers%20every%20university%20that,(SSCI)%20are%20also%20included
https://www.shanghairanking.com/methodology/arwu/2020#:~:text=ARWU%20considers%20every%20university%20that,(SSCI)%20are%20also%20included
https://www.timeshighereducation.com/world-university-rankings/2016/world-ranking/methodology#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://www.timeshighereducation.com/world-university-rankings/2016/world-ranking/methodology#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://clarivate.com/products/web-of-science/databases/
http://dx.doi.org/10.1007/978-3-030-46912-2_4
http://europepmc.org/abstract/MED/29527074
http://dx.doi.org/10.1007/s11192-018-2644-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29527074&dopt=Abstract
http://dx.doi.org/10.1007/s10734-010-9319-5
http://dx.doi.org/10.1177/0165551520977447
http://europepmc.org/abstract/MED/30043516
http://dx.doi.org/10.1111/medu.13643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30043516&dopt=Abstract
http://dx.doi.org/10.1002/asi.20914
http://dx.doi.org/10.1108/09564230510587122
https://www.mdpi.com/resolver?pii=ijerph17114095
http://dx.doi.org/10.3390/ijerph17114095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32521776&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Tran et a

28.

29.

30.

31.

Tran T, Trinh T, Le C, Hoang L, Pham H. Research as a Base for Sustainable Development of Universities: Using the
Delphi Method to Explore Factors Affecting International Publishing among Viethamese Academic Staff. Sustainability
2020 Apr 23;12(8):3449. [doi: 10.3390/su12083449]

Marmolegjo F, Nagashima Y, Lothrop S, Alborta S, Aedo C, MiwaK. South Asia: challenges and benefits of research
collaboration in a diverse region. The World Bank. 2019. URL: https://documents1.worldbank.org/curated/en/
735021553593295199/pdf/South-Asia-Chall enges-and-Benefits-of -Research-Coll aborati on-in-a-Diverse-Region. pdf
[accessed 2022-07-05]

ChenK, Yao Q, Sun J,He Z, Yao L, Liu Z. International publication trends and collaboration performance of Chinain
healthcare science and servicesresearch. |sr JHealth Policy Res 2016;5:1 [FREE Full text] [doi: 10.1186/s13584-016-0061-7]
[Medline: 26834970]

Khor KA, Yu L. Influence of international co-authorship on the research citationimpact of young universities. Scientometrics
2016;107:1095-1110 [FREE Full text] [doi: 10.1007/s11192-016-1905-6] [Medline: 27239078]

Edited by T Leung; submitted 08.04.22; peer-reviewed by YJ Bao, J Piera-Jiménez, comments to author 12.05.22; revised version
received 18.05.22; accepted 30.05.22; published 17.08.22.

Please cite as:

Tran BX, Nguyen LH, Nguyen HAS, Vu TMT, Do AL, Nguyen LTK, Kim NTN, Trinh TTH, Latkin C, Ho CSH, Ho RCM

Evolution of Interdisciplinary Approaches Among Research-Oriented Universitiesin Vietham Toward a Modern Industrial Economy:
Exploratory Sudy

Interact J Med Res 2022;11(2):e38591

URL: https.//mww.i-jmr.org/2022/2/e38591

doi: 10.2196/38591

PMID: 35976182

©Bach Xuan Tran, Long Hoang Nguyen, Hao Anh Si Nguyen, Thuc Minh Thi Vu, Anh Linh Do, Lien Thi Khanh Nguyen, Nga
Thanh Ngoc Kim, Trang Thu Hong Trinh, Carl Latkin, Cyrus S H Ho, Roger C M Ho. Originally published in the Interactive
Journal of Medical Research (https://www.i-jmr.org/), 17.08.2022. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Interactive Journal of Medical
Research, is properly cited. The complete bibliographic information, alink to the original publication on https://www.i-jmr.org/,
aswell asthis copyright and license information must be included.

https://www.i-jmr.org/2022/2/€38591 Interact JMed Res 2022 | vol. 11 | iss. 2 [e38591 | p.139

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.3390/su12083449
https://documents1.worldbank.org/curated/en/735021553593295199/pdf/South-Asia-Challenges-and-Benefits-of-Research-Collaboration-in-a-Diverse-Region.pdf
https://documents1.worldbank.org/curated/en/735021553593295199/pdf/South-Asia-Challenges-and-Benefits-of-Research-Collaboration-in-a-Diverse-Region.pdf
https://ijhpr.biomedcentral.com/articles/10.1186/s13584-016-0061-z
http://dx.doi.org/10.1186/s13584-016-0061-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26834970&dopt=Abstract
http://europepmc.org/abstract/MED/27239078
http://dx.doi.org/10.1007/s11192-016-1905-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27239078&dopt=Abstract
https://www.i-jmr.org/2022/2/e38591
http://dx.doi.org/10.2196/38591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35976182&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Kimet d

Review

In-Home Monitoring Technology for Aging in Place: Scoping
Review

Dagjin Kim', PhD; Hongyi Bian?, MSc; Carl K Chang?, PhD; Liang Dong®, PhD; Jennifer Margrett*, PhD

1Department of Interior Design, lowa State University, Ames, |A, United States

2Department of Computer Science, lowa State University, Ames, |A, United States

3Department of Electrical and Computer Engineering, lowa State University, Ames, 1A, United States
4Department of Human Development and Family Studies, lowa State University, Ames, |A, United States

Corresponding Author:
Dagjin Kim, PhD

Department of Interior Design
lowa State University

158 College of Design

715 Bissell Road

Ames, |A, 50011

United States

Phone: 1 5152941532

Email: dagjink @iastate.edu

Abstract

Background: For successful aging-in-place strategy development, in-home monitoring technology is necessary as a new home
modification strategy. Monitoring an older adult’sdaily physical activity at home can positively impact their health and well-being
by providing valuable information about functional, cognitive, and social health status. However, it is questionable how these
in-home monitoring technologies have changed the traditiona residential environment. A comprehensive review of existing
research findings should be utilized to characterize recent relative technologies and to inform design considerations.

Objective: The main purpose of this study wasto classify recent smart home technol ogies that monitor older adults’ health and
to architecturally describe these technologies as they are used in older adults’ homes.

Methods: The scoping review method was employed to identify key characteristics of in-home monitoring technologies for
older adults. In June 2021, four databases, including Web of Science, IEEE Xplore, ACM Digital Library, and Scopus, were
searched for peer-reviewed articles pertaining to smart home technologies used to monitor older adults' health in their homes.
We used two search stringsto retrieve articles: types of technology and types of users. For thetitle, abstract, and full-text screening,
the inclusion criteria were original and peer-reviewed research written in English, and research on monitoring, detecting,
recognizing, analyzing, or tracking human physical, emotional, and socia behavior. The exclusion criteria included theoretical,
conceptual, or review papers; studies on wearable systems; and qualitative research.

Results: This scoping review identified 30 studies published between June 2016 and 2021 providing overviews of in-home
monitoring technologies, including (1) features of smart home technologies and (2) sensor locations and sensor data. First, we
found six functions of in-home monitoring technol ogy among the reviewed papers: daily activities, abnormal behaviors, cognitive
impairment, falls, indoor person positioning, and sleep quality. Most of the research (n=27 articles) focused on functional
monitoring and analysis, such as activities of daily living, instrumental activities of daily living, or falls among older adults; a
few studies (n=3) covered socia interaction monitoring. Second, this scoping review also found 16 types of sensor technologies.
The most common data types encountered were passive infrared motion sensors (n=21) and contact sensors (n=19), which were
used to monitor human behaviors such as bodily presence and time spent on activities. Specific locations for each sensor were
also identified.

Conclusions: Thiswide-ranging synthesis demonstrates that in-home monitoring technol ogies within older adults’ homes play
an essential rolein aging in place, inthat the technol ogy monitorsolder adults’ daily activities and identifies various health-related
issues. Thisresearch provides akey summarization of in-home monitoring technol ogies that can be applied in senior housing for
successful aging in place. Thesefindingswill be significant when devel oping home modification strategies or new senior housing.

(Interact J Med Res 2022;11(2):€39005) doi:10.2196/39005
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Introduction

Background

Asall of the “baby boomer” generation approaches exceeding
the age of 65 years, by 2030, they will proportionally expand
the older population in the United States, thus becoming a
super-aged society in which older individuas will comprise
more than 20% of the population. The US Census Bureau data
project that by 2060, the 65-and-older population will total 98
million [1]. A recent American Association of Retired Persons
survey in the United States indicated that 79% of older adults
want to remain in their current home and community as they
age [2]. The desire of older individuals to independently and
safely remain in their homes and communitiesis referred to as
aging in place. Successful aging in place supports the positive
experience of anindividual’sidentity inthat it helpstoimprove
their independence and autonomy in their homes and
community. Additionally, aging in place positively impacts
older residents’ health and well-being. According to the Center
for Housing Policy [3], approximately 80% of seniors have at
least one chronic health condition and 50% have at least two.
Many older adults with functional or cognitive decline have
difficultiesin living independently when performing basic daily
activities in their homes. These challenges may reduce
successful aging in place because their homes might fail to
support their changing needs and gradually become dangerous
environments for independent living.

Home modification positively affects older adults’ ability to age
in place becauseit renderstheir homes safer and more accessible
to both themselves and visitors, thus improving comfort and
reducing accidents such as faling [4]. Home modifications,
considered a promising tool for aging in place, are most
beneficial when they provide tailored interventions for older
adults that take into account specific health conditions such as
mobility, cognitive impairment, and eye impairment, among
others [5]. Thus, to support changing needs, it is important to
understand how older adults interact with their residentia
environments.

Smart home technologies have been considered essential
interventions that enable older adults to maintain wellness and
independence at home [6,7]. Smart home technologies,
representing avariety of sensors and devicesintegrated into the
home infrastructure, provide a wide range of features for
enhancing quality of life, from simple home automation to
monitoring wellness [6]. Home automation provides remote or
automatic controls for devices, appliances, or home systems
that enhance an occupant’s quality of life in terms of
entertainment and energy-saving. In-home monitoring can be
employed to monitor an occupant’s health status and maintain
a sense of well-being.

In particular, monitoring an older adult’sdaily physical activity
at home can provide va uableinformation about their functional,
cognitive, and social health status; such monitoring information
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can indicate the individua’s ability to maintain function and
independence at home [6]. With technological advancements
proceeding at an unprecedented rate, smart home technologies
such as the Internet of Things and ambient intelligence have
become more intertwined with the fabric of everyday life and
the environment. Technol ogiesthat monitor older adults health
areeasily accessible at affordable prices and constitute an active
research area. For the development of a successful
aging-in-place strategy, in-home monitoring technology is
necessary as a new home modification strategy, which can
positively impact older adults’ health and well-being. However,
there is a huge knowledge gap between what in-home
monitoring technologies are currently available and how these
technologies can be incorporated into older adults homes.
Although many review papers have described existing smart
home monitoring technologies for older adults, they focused
on the technological perspectives of in-home monitoring
technologies, such as systems, networks, and computational
frameworks. There arelimited resources available that architects
and designers can use for developing a smart home for
successful aging in place. Moreover, it is questionable how
these smart technol ogies have changed the traditional residential
environment. Thus, to ultimately enable older adultsto achieve
successful aging in place, a comprehensive review of existing
research findings is needed to characterize recent relative
technologies and to inform design considerations.

Aim of the Study

The main purpose of this study was to classify recent smart
home technologies that monitor older adults' health and to
architecturally describe these technologies as they are used in
older adults homes. The following research questions served
as a guide for the study: (1) What in-home monitoring
technologiesare currently availablefor older adults? (2) Where
can in-home monitoring technologies be installed and why are
they used?

The findings of this research will provide empirical evidence
of smart technology’s impact on aging in place, and help
designerstransform and tailor older adults’ living environments
appropriately for the implementation of various technologies.
This research will benefit various aging-in-place stakeholders,
including older adults, family caregivers, clinicians, designers,
public health practitioners, and policymakers.

Methods

Overview

The scoping review method was employed to identify key
characteristics of in-home monitoring technologies for older
adults. This method can be used to summarize underexplored
research areas and determine the nature of specific topics,
identifying research gaps that remain after previous studies.
This study was developed according to the methodological
guideline for scoping reviews [7]: identifying relevant studies;
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study selection; charting the data; and collating, summarizing,
and reporting results.

Identifying Relevant Studies

In June 2021, four databases, including the Web of Science,
|EEE Xplore, ACM Digital Library, and Scopus, were searched
for peer-reviewed articles pertaining to smart hometechnol ogies
used to monitor older adults health in their homes. The
following keywords were applied when searching: (“Smart
home” OR “gerontechnology” OR “monitoring” OR “ambient
assisted living” OR “unobtrusive sensors’ OR “in-home
monitoring”) and (“Older adults’ OR “Aging” OR “Ageing”
OR “Elderly” OR “Senior” OR “Aging in Place”). To ensure
the retrieved articles were up to date, the publishing span was
limited to articles bearing dates between June 2016 and 2021.

Textbox 1. Inclusion and exclusion criteria.

Kimet al

Study Selection

This scoping review was performed according to the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
guidelines [7,8], and involved awide-ranging literature search
for information on in-home monitoring technologies for older
adults, employing multiple search strategies. For the title,
abstract, and full-text screening, the inclusion and exclusion
criteria were developed as shown in Textbox 1. This review
excluded wearable sensors even though they are an important
part of the monitoring strategy for older adults. This exclusion
criterion was established owing to the usability barriers of these
devices. For example, older adults with cognitive impairment
may have difficulty in using a wearable sensor because these
devices must be worn on aregular basis.

Inclusion criteria
o  Original and peer-reviewed research

o Paper written in English

«  Research on monitoring, detecting, recognizing, analyzing, or tracking human physical, emotional, and socia behavior

o Research with human subjects

Exclusion criteria

«  Theoretical, conceptual, or review papers without empirical data or demonstrations

«  Wearable systems

o  Qualitative research

Charting the Data

In response to the two research questions, (1) types of in-home
monitoring technologies for older adults and (2) specifications
of the sensors (eg, location and data), deductive thematic
analysis was employed. Two authors (DK and HB) extracted
data from the identified articles using an Excel file. The form
included the following six factors: (1) purpose, (2) sample, (3)
settings, (4) technol ogies, (5) technology type, and (6) outcome.

https://www.i-jmr.org/2022/2/e39005

Results

Overview

As illustrated in the PRISMA flow diagram in Figure 1, the
literature search found 43,212 titles on four databases after
removing 3222 duplicates, 94 papers remained after titles and
abstracts were reviewed, and those that were not germane to
the study were eliminated. Subsequently, the 94 full texts were
reviewed and an additional 69 were excluded based on the
inclusion and exclusion criteria. Five additional articles were
found through a manual search. A total of 30 research articles
were finally included and used in the review. The overview of
the 30 included articlesis provided in Multimedia Appendix 1.
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Figure 1. Flow diagram for the systematic scoping review.
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Identification of studies via databases and registers

Features of Smart Home Technologies

First, to identify currently available in-home monitoring
technology for older adults, it is important to understand the
typesand functions of in-home monitoring technology. Demiris
et a [9] classified smart home technology types and functions
for an aging society as follows: (1) physiological monitoring,
involving data collection and analysis of physiological
measurement data such as blood pressure and pulse; (2)
functional monitoring/emergency detection and response,
involving datacollection and analysis of functional measurement
data such as those associated with daily activities; (3) safety
monitoring and assistance, involving data collection and analysis
of environmental hazards such asflooding and fire; (4) security
monitoring and assistance, involving data collection and analysis
of human threats such as those associated with security alarms;
(5) social interaction monitoring and assistance, involving data
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collection and analysis of social interactions such as those
associated with computer (onling) or phone usage; and (6)
cognitive and sensory assistance, involving assistive
technologies to compensate for memory deficits such as
reminders or task instructions.

All of the reports reviewed (N=30) discussed how in-home
monitoring technologies can be used to monitor older adults
activities, as well as how to analyze and detect daily activity
anomalies through machine-learning algorithms. Most of the
research (n=27) focused on functional monitoring and analysis,
such asactivitiesof daily living (ADLS), instrumental activities
of daily living (IADLYs), or fallsamong older adults; afew (n=3)
covered social interaction monitoring. This scoping review
found six functions of in-home monitoring technology among
the reviewed papers. daily activities, abnormal behaviors,
cognitiveimpairment, falls, indoor person positioning, and sleep
quality (Figure 2).
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Figure 2. Features of smart home technologies.

Kimet al

Monitaring

(
(
(
»
[

- e >

Daily activities }

Functional health
Abnormal behaviors J Data analysis \. )
Cognitive impairment } ( h
Psychological health
Falling ) L
Indoor person positioning ] (" N
Sodial health

Sleep quality ] L )

Monitoring Daily Activities

Six of the examined investigations monitored and observed
older adults daily activities in their homes using sensor
technologies, and demonstrated the feasibility and reliability of
ambient home-sensing platforms in older adults' residences
[10-15]. One case study reviewed had installed sensorsin older
adults’ homes and analyzed the participants’ behaviors (eg,
deeping, cooking, water usage) by advanced models and
algorithms for 3 months. The smartphone and computer
application system used was capable of reminding the older
residents to take their medications if they forgot. A contact
sensor installed near the medicine box made this possible [14].
Another reviewed study monitored older adults' activities in
their homes and asked them to confirm their activities using a
mobile app to validate sensor data analysis [11]. The findings
showed that sensor data accurately matched the self-survey.

Monitoring Abnormal Behaviors

Seven studies were included that identified older adults
functional, psychological, and social abnormal activities such
asunexpected and irregular behaviors using in-home monitoring
technologies and machine-learning algorithms [16-22]. For
example, movement at 3 AM inaliving room can be considered
abnormal behavior if monitoring data showed that older
residents usually wake up at 6 AM every morning.

Two studies examined a unique methodology to detect the
functional health decline of older adults using a public data set
from smart home testbeds at the Center for Advanced Studies
in Adaptive Systems (CASAS) [19,22]. The machine-learning
algorithms developed in these studies successfully detected
deviations from the long-term activity patterns of older adults
living alone, and demonstrated the feasibility of detecting
functional decline, singular deviation, and slow-deviating trends
away from a previous activity routine. Another study detected
anomaly behavior from learned ADL patterns and sent a
push-button indicator to older adults when abnormal behaviors
were detected. The investigation results validated the success
of themodel [21]. Thistype of in-home monitoring technology
was also shown to be beneficial to caregivers caring for older
adults who are living alone [20]. The home care monitoring
system warned caregiversif an unusual behavior was detected
based onlearned behavioral patterns (eg, no motion was detected
in the living room until 8:30 AM).

The common assumption in abnormal behavior detection
research is that older adults follow regular routines in their
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homes and that irregularities are abnormal. However,
routine-based anomaly detection failsif monitored older adults
have irregular daily routines. To address this issue, another
research team [17] assumed that illness can cause changes in
activity levels, time, and locations of older adults. For example,
those who feel unwell may spend an unusual amount of time
watching television or they may walk more slowly than normal.
Research findings have shown that heatmap analysis effectively
detects unusual behavior determined by activity trajectories,
and that it successfully distinguishes between norma and
abnormal days with 88% accuracy [17].

Previous research has demonstrated the possibility of assessing
psychological and social health conditions such as depression,
emotional states, and even loneliness through a unique data
analysis using sensor data of older adults home activities.
In-home monitoring sensors were used to measure daily
out-of-home hours, number of phone calls, computer use,
walking speed, and mobility, and loneliness was also assessed
during four separate periods [16]. The investigators found a
significant relationship between predicted loneliness and
observed loneliness, demonstrating that it is possibleto estimate
older adults’ loneliness by analyzing sensor data. Other studies
[18] have estimated older adults’ depression levelsby analyzing
daily activities, demonstrating that proposed algorithms can
effectively detect depression with up to 96% accuracy.

Monitoring Cognitive Impair ment

Many investigations have introduced unique sensor technology
and machine-learning algorithmsto detect ol der adults’ cognitive
impairments by analyzing daily activities at home [23-27].
Researchers at an ambient assisted living lab invited two ol der
adult groups—healthy older adults and older adults with mild
cognitive impairment (MCl)—to participate in the study and
monitored their behaviors [26]. Participants were asked to
complete five tasks in different areas of their homes; sensor
technology measured the total amount of time used to perform
each task. Sensor-based observation showed that the M ClI group
spent moretimein the kitchen looking into the refrigerator and
cabinets than the healthy group. This observation provides a
possible means for detecting age-related cognitive decline by
monitoring performance and comparing it to IADLS. Various
machine-learning model s have been devel oped to identify ol der
adults' cognitive decline by utilizing a public data set from
CASAS and the Oregon Center for Aging and Technology
(ORCATECH) [23,25,27]. Employing various stetistical models,
the developers demonstrated the possibility of detecting
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cognitive impairments and identifying early signs of dementia
with a high degree of accuracy using in-home behavior data.

Other researchers [24] developed simple nonpharmacological
interventions for older adults with MCI to address abnormal
behaviors related to problems such as sleep disturbance and
medication interference, and demonstrated the usability and
effectiveness of monitoring technology. For example, a12-week
pilot study with five older adults with dementia introduced
sensor-based technology designed to guide or redirect their
participants prone to nighttime wandering toward the bedroom
or bathroom using smart lighting and speakers. The results
demonstrated that the technology employed improved the
nighttime saf ety of people with dementia, and also showed that
depression and anxiety among caregivers had been significantly
reduced.

Monitoring Falling

In-home monitoring technology has a so been designed to detect
older adults' fallsin their homes [28-35]. We found two types
of fall detection technology: vision-based and nonvision-based
technologies.

Lotfe et a [32] utilized computer vision—based fall detection
technology with a Kinect sensor, and found the approach to be
highly reliable and accurate after analyzing recorded images of
falls taken by older adults and their daily activities [32]. Other
researchers devel oped alow-cost fall detector system composed
of acameraand artificial vision algorithms, which also detected
falls with a high degree of accuracy (>96%) [33]. Yet another
study employed a Kinect sensor that effectively identifies the
human skeleton, which can be used to monitor the gestures and
posture of the human body [35]. The researchers placed two
Kinect sensorsin abedroom and recorded various video images,
including falling. The proposed algorithmswere highly accurate
in detecting falls and could predict falling risk after analyzing
the posture and movement of a participant.

In addition to the aforementioned image-based falling detection
strategies, many investigations have explored nonimage-based
means to accomplish the same goal while addressing privacy
concerns. Since older adults’ gait levelsare significantly related
tofall risk, Muleidat and Tawalbeh [31] devel oped a 128-sensor
“smart carpet” to monitor gait parametersand detect falls. They
demonstrated that their algorithm can successfully detect older
adults' falling risk aswell as monitor functional declinein real
time. Recently, radar-based human motion—detecting
technologies have gained the attention of researchers owing to
their capacity to detect postures off micro-Doppler signatures
reflected by the human body. Utilizing this technology, a fall
detection system was developed based on a millimeter-wave
radar sensor used in conjunction with the line kernel
convolutiona neural network deep-learning model [30]. The
system could identify afalling sequence using passive baseband
datacollected directly by the radar sensor with 98.74% accuracy
and an average prediction time of 51.4 milliseconds. Similarly,
Ding et a [28] proposed a fall detection method based on a
millimeter-wave radar sensor with a k-nearest neighbor
algorithm, demonstrating a high (90.83%) accuracy rate.
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Fall detection systems that utilize existing in-home
infrastructures such as WiFi networks have been reported. Hu
et al [29] proposed an environment-independent passive fall
detection system called “DeFall.” Their strategy wasto analyze
WiFi signa interference patterns created when afalling motion
occurs. After extracting such signal patterns from the channel
stateinformation of the WiFi packets, augmented dynamictime
warping algorithms were embedded to identify the accel eration
patterns for a typical human fall. Their prototype achieved a
detection rate of 95% in either a line-of-sight or a
nonline-of-sight case using only a couple of WiFi transceivers.
In addition, a few studies have focused on specific risks such
as staircase and bed fall risks and detections. A bed monitoring
system was developed based on infrared and pressure sensors
that were preinstalled on the bed frame[34]. The sensor system
successfully detected specific transitions of five typical
movements associated with bed use at home (lying, sitting,
standing, and exiting), and was shown to be highly effective
with a detection accuracy rate of nearly 90%.

Indoor Person L ocalization

One essential feature of in-home monitoring is the ahility to
locate the end user in a real-time manner [36,37]. In most
scenarios, especially in digita health settings, location
information helps the ADL recognition system infer a human
subject’s activity based on their most recent activity.
Additionally, based on the user’s current location, this feature
enables the entire smart ecosystem to react and provide
corresponding services that are available within the setting.
Studies have utilized numerous technologies to provide an
indoor localization service.

A multisensor human subject | ocalization sol ution was proposed
to incorporate various combinations of sensing devices,
including radiofrequency identification transceivers, infrared,
touch, and light sensors, that are mounted on furniture and
appliances in the environment [36]. This unobstructed system
isleveraged by adopting probabilistic models such as Bayesian
network and k-nearest neighbors to infer the likelihood of the
human subject’s presence within the monitoring space given
the context values provided by the sensory combinations.
Experimental results have shown that the system can achieve
submeter localization accuracy and further provide indoor
tracking capability. Alternatively, as an extended feature of the
smart carpet approach mentioned above, studies have also been
utilizing the concept of “smart floors,” which are embedded
with pressure-sensing devices to perform indoor localization
and tracking. Lan et a [37] recently proposed implementing
such afeature with advanced pressure-sensing technologiesand
they constructed a complete smart floor prototype for indoor
localization demonstration. The system was modeled with a
Bayesian inference—based decoding scheme and could perform
mutisubject real-time localization under submeter accuracy.

Monitoring Sleep Quality

One reviewed study assessed and predicted older adults’ sleep
quality using behavioral data. Since deep quality plays an
essential rolein older adults' health and well-being, early sleep

disorder detection can be very important when addressing
sleep-related issues. It has been demonstrated that a smple

Interact JMed Res 2022 | vol. 11 | iss. 2 [€39005 | p.145
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

sensing technology and data analysis algorithm can effectively
monitor older adults' sleep-wake conditions and assess sleep
quality [38]. The proposed sensing environment could monitor
sleep duration, sleep latency, and awakenings during the night,
and found a strong correlation between surveyed data about

Kimet al

older adults’ sleep quality provided by social workers and the
investigators' proposed sleep quality data.
Sensor Data and Sensor L ocations

This review identified 16 types of sensor technologies and the
specific location of each technology. Table 1 provides an

Table 1. Overview of sensor data and locations.

overview of the sensor data and sensor locations.

Location

Duration of specific activities and walk speed

Duration of specific activities (eg, sleeping,

Electricity usage, use of electrical appliances

Body image (gestures and postures) and pres-

Body image (gestures and postures) and pres-

Room areas (ceiling or walls of rooms)

Doors/windows, drawers, cabinets, medical
boxes, refrigerators, etc

Chairs, couches, floor, and beds

Room areas (walls of rooms)
Bedroom, living room, kitchen

Televisions, heaters, air conditioners, and
lights/switchboard

Kitchen and bathroom (water channels, kitchen
floors, toilet bowls, sinks, and bathtubs)

Rooms (close to air conditioners)

Rooms (corners of rooms)

Rooms (walls of rooms)

Rooms (walls or static furniture)

Room areas (floor)

Computer monitoring

Sensors Number of articles  Data
PIR? motion sensor 21
Contact sensor 19 Occupancy of rooms or usage of items
Pressure sensor 13

resting)
Light sensor 11 Lighting usage
Temperature sensor 9 Indoor temperature
Electric sensor 9
Water sensor 6 Water usage
Humidity sensor 5 Indoor humidity
Depth camera 3

ence
Kinect motion sensor/infrared 2
camera ence
Millimeter-wave frequency 2 Body posture and motion
modulated continuous wave
radar (FMCW)
Smart carpet 2 Falling, gait, positioning, and sociability
Computer monitor 1 Daily computer use
Phone monitor 1 Daily phone use

Each phone

3PIR: passive infrared.

The most common datatypes encountered were passiveinfrared
(PIR) motion sensors (n=20) and contact sensors (n=19), which
were used to monitor human behaviors such as bodily presence
and time spent on activities. The presence of PIR motion sensor
monitorsin each area captured the duration of specific activities
such as cooking, eating, nighttime toileting activities, and
similar. Four sensors arranged in astraight line 2 feet apart also
monitored older adults mobility [16]. They were usualy
installed on the walls or ceilings. The range of the sensors
varied, but on average, a single detector ranged up to 30 feet.

Contact sensors, also called magnetic switch or reed sensors,
use magnetic flow to monitor a particular activity such as
opening and closing a door, cabinet, window, or refrigerator.
A signal is generated when two magnets near each other are
distanced. Sensors are placed on doors, windows, drawers, or
cabinets, and they monitor room occupancy or use of itemssuch
as medical boxes and refrigerators. Both PIR motion sensors
and contact sensors provide information about older adults
specific activitieswithin their home, allowing machine-learning
analysis to better understand older adults physical,
psychological, and socia health within their homes. Pressure
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sensors (N=12) monitor residents’ use of specific furniture pieces
such as chairs and beds by detecting transitional movement.
Sensors discussed in the reports were installed under beds,
chairs, or couchesto monitor specific behaviors such as sleeping
and sitting.

Many investigations al so used avariety of environmental sensors
to detect and measurelight (n=10), temperature (n=9), electricity
(n=9), water (n=6), and humidity (n=5). For example, light
sensors captured lighting usage and wereinstalled in each room.
Electric sensors connected to electrical outlets were used to
monitor electricity consumption and electrical appliance usage
such astelevisions, heaters, and air conditioners. A water sensor
was used to measure the frequency of water usage in akitchen
and bathroom water channel.

Depth cameras (n=3), Kinect motion sensors (n=2), and radar
sensors (n=2) installed on awall or corner of each room were
a so used to capture specific body images such as gestures and
postures. Depth cameras have several advantages compared to
PIR motion sensors when monitoring older adults' activities.
Since a depth camera can detect specific information such as
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movement, it can handle the presence of several individuals
within a space, whereas a motion sensor can detect only one
individual at atime. In addition, depth cameras can distinguish
animals from humans. Depth camera use for human motion
analysis has become an active area of research; it can recognize
particular actions, falls, and other useful behaviors. Similarly,
aradar sensor can be used to detect falls and can be attached to
an indoor wall or piece of static furniture at a height of around
1.5 meters. One study used computer and phone monitor sensors
to monitor daily computer and phone use; the information was
then used to understand the socia health of older adults [16].
A smart carpet was introduced to monitor older adults’ gait
levels and falling episodes [31].

Discussion

Principal Findings

The aim of thisinvestigation wasto identify recent smart home
technologies that monitor older adults hedth and to
architecturally describe these technologies as they are used in
older adults' homes. This scoping review identified 30 studies
focusing on in-home monitoring technology for older adults
and identified key factors. types and functions of in-home
monitoring technol ogies, the usefulness of in-home monitoring
technologies, types of activity and behavior monitored by
in-home monitoring technologies, and specific locations of
sensing technologies. Here, we aim to extend the research
findings into the implications of the identified in-home
monitoring technologies to older adults' homes.

First, this review found that in-home monitoring technologies
can play apivotal rolein establishing successful agingin place,
and that these technologies should be considered when
developing home modification plans for older adults.
Understanding an older adult’s daily activities at home is
particularly critical for aging in place because changesin health
status are usualy determined through changes in ADLs or
IADLs. Hedth assessments are important for older adults
because they provide a basis for health professionals and
caregivers to address unique health-related needs. Although
health assessments generally need to be provided by highly
skilled professionals, this study shows that many assessments
have been accomplished via older adults' self-reports or those
of their caregivers. Nevertheless, accurately measuring older
adults’ functional, psychological, and socia health conditions
through a self-survey has limitations [39], especially those
completed by older adults with MCI.

In-home monitoring technology can be beneficial to both older
adults needing help with daily living and their care providers.
Various sensor technologies are capable of monitoring older
adults activities with a high degree of accuracy and reliability.
Furthermore, the collected sensor data provide a
machine-learning analysis that can offer a comprehensive
overview of the older adult’s health condition and ability to
function independently within the home. Sensor technologies
and unique data analysis methods can automaticaly identify
older adults' hidden wellness parameters such as abnormal
behavior, cognitiveimpairment, falling, and seep quality. Hedlth
abnormality identification is of paramount importance in that
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the early identification of change enables older adultsto receive
early intervention that can play a pivotal rolein minimizing the
risk of further health decline. Much of the published research
reviewed for this study demonstrated that in-home monitoring
technologies can predict risks to older adults physical,
cognitive, psychological, and social health.

One of the critical issuesin aging in place isthe lack of formal
support caused by the current professional caregiver shortage.
Family members who bear the heavy burden of care for older
adults often experience physical, emotional, social, and financial
challenges. It is difficult to care for an older adult who has a
cognitive impairment, especially those who wander at night,
which is a magjor cause of caregiver burnout. Sensor-based
technology has the capacity to monitor older adults daily
activities, falls, nocturnal restlessness, and eating behavior,
thereby reducing caretakers burden of care as well as
accompanying stress and anxiety [40].

Second, it is essential to help older adults accept the
aforementioned technologies' presence in their homes through
appropriate design strategies. According to previous reviews,
older adults' perceptions of usefulness, ease of use, privacy,
and affordability are significantly related to their attitude and
intention to use smart home products [41]. There are two
implementations of in-home monitoring technologies: (1)
sensors worn by older adults and (2) sensors embedded in the
built environment (eg, wall, door) or attached to products such
as furniture and kitchen appliances. To support ease of use,
in-home monitoring technology should be developed as an
ambient sensor system located in stationary home areas. Even
though individual wearable sensors are commonly utilized in
smart home technology, some older adults are reluctant to use
them because they must constantly be worn somewhere on the
body to be useful and the battery status must be checked on a
regular basis. Thisisaparticularly negative factor among ol der
adults with MCI.

As described in Table 1, in-home technologies can be
implemented into each area of senior housing for a specific
purpose. For example, PIR motion sensors can be installed in
room areasto monitor older adults' activities. Previousresearch
highlighted that most older adults are positively motivated to
use a sensor monitoring system; however, privacy is a critical
concern for many [39]. How aware individuals are of a sensor
being present in their immediate environment varies from one
user to another. Some older residents quickly forget about their
monitoring equipment, while others consider sensorsirritating
and therefore change their behavior or activity routines. For
example, contact sensors attached between a door and door
frame are readily noticeable and bother some residents. PIR
motion sensors are usualy installed high on awall corner in a
high-traffic area for a wide view. Some older adults may feel
uncomfortable because they feel as if someone is observing
them. Moreover, monitoring devices might be considered a
stigmaor asymbol of dependence. Thus, itiscritical to address
both privacy concerns and make sensor technology |ess obvious
when incorporating in-home technologies into the home
environment. That is, creative design solutions are needed to
addresstheseissues. An ambient sensor system should be placed
above the typical human field of view, and a concealed sensor
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system would help address the privacy issue. For example,
magnets used in contact sensors can be concealed within the
door frame, but they should be easily accessiblefor maintenance.
Smart home technol ogies should be considered during the early
stages of home design or home modification plans instead of
adding them after the design or construction processis compl ete.

Limitations

The aim of this investigation was to identify recent in-home
monitoring technologies, which can be applied in older adults
homes. To ensure that the research reports were up to date, the
publishing span was limited to articles bearing dates between
June 2016 and 2021. Furthermore, thisresearch aimed to identify
in-home monitoring technology that can be applied in older
adults homes. However, since there is no clear definition of
in-home monitoring technology, the review included sensing
technology designed to monitor or track human behavior or
activity. Our search string included two different terms used in
previous research, although other terms may also be available.
Thus, this process may not have found al of the research on
in-home monitoring technology for older adults. This review
included only studies written in English. Therefore, we may
have missed other articles written in other languages. After
consultation among the authors, only one author (DK) analyzed
theincluded studies. Thus, this might have introduced bias and
impacted the results. However, the identified research and main
key characteristicswerethoroughly discussed among dl authors.

Even though wearable devices offer a huge opportunity to
monitor and track older adults' activities and behavior, this
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review excluded wearable sensing technology because of its
acceptability and feasibility issues for older adults [42]. For
example, older adults with MCI may forget to wear or charge
these devices.

Conclusion

This review provides a key summarization of in-home
monitoring technologies, an underexplored research areain the
field of agingin place. Thiswide-ranging synthesisdemonstrates
that in-home monitoring technol ogies within ol der adults homes
play an essentia role in aging in place, in that the technology
monitors older adults' daily activities and identifies various
health-related issues. These findings will be beneficia for
architects and designers when developing home modification
strategies or senior housing for successful aging in place, in that
thisresearch provides key characteristics of in-home monitoring
technologies for older adults residing in their own homes.
Utilizing thistechnology, older adults can be more proactivein
terms of their health rather than reactive; they can receive early
intervention after early identification. This research aso
highlights the importance of appropriate strategies for smart
home design. The emergence of telehedth and online
communication can play an essential role in successful aging
in place, in that thistelemedicineis an effective way to address
many societal issues of older adults, such as overcrowding,
driving acar, and mitigating infection risks[43]. A smart home
with in-home monitoring technology can provide significant
information to care providers, which will be helpful for
maintaining health and well-being.
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Abstract

Background: Telemental health (delivering mental health care via video calls, telephone calls, or SMS text messages) is
becoming increasingly widespread. Telemental health appears to be useful and effective in providing care to some service users
in some settings, especialy during an emergency restricting face-to-face contact, such as the COVID-19 pandemic. However,
important limitations have been reported, and telemental health implementation risksthe reinforcement of pre-existing inequalities
in service provision. If itisto be widely incorporated into routine care, a clear understanding is needed of when and for whom it
is an acceptable and effective approach and when face-to-face care is needed.

Objective: Thisrapid realist review aims to develop atheory about which telemental health approaches work (or do not work),
for whom, in which contexts, and through what mechanisms.

Methods: Rapid realist reviewing involves synthesizing relevant evidence and stakehol der expertiseto allow timely devel opment
of context-mechanism-outcome (CMO) configurationsin areas where evidence is urgently needed to inform policy and practice.
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The CMO configurations encapsul ate theories about what works for whom and by what mechanisms. Sources included eligible
papers from 2 previous systematic reviews conducted by our team on telemental health; an updated search using the strategy
from these reviews; a call for relevant evidence, including “gray literature,” to the public and key experts; and website searches
of relevant voluntary and statutory organizations. CMO configurations formulated from these sources were iteratively refined,
including through discussions with an expert reference group, including researchers with relevant lived experience and frontline
clinicians, and consultation with experts focused on three priority groups: children and young people, users of inpatient and crisis
care services, and digitally excluded groups.

Results: A total of 108 scientific and gray literature sources were included. From our initial CMO configurations, we derived
30 overarching CMO configurations within four domains: connecting effectively; flexibility and personalization; safety, privacy,
and confidentiality; and therapeutic quality and relationship. Reports and stakehol der input emphasi zed the importance of personal
choice, privacy and safety, and therapeutic relationships in telemental health care. The review also identified particular service
users likely to be disadvantaged by telemental health implementation and a need to ensure that face-to-face care of equivalent
timeliness remains available. Mechanisms underlying the successful and unsuccessful application of telemental heath are
discussed.

Conclusions:  Service user choice, privacy and safety, the ability to connect effectively, and fostering strong therapeutic
relationships need to be prioritized in delivering telemental health care. Guidelines and strategies coproduced with service users

and frontline staff are needed to optimize telemental health implementation in real-world settings.

Trial Registration:

International Prospective Register of Systematic Reviews (PROSPERO); CRD42021260910;

https://www.crd.york.ac.uk/prospero/display_record.php? D=CRD42021260910

(Interact J Med Res 2022;11(2):€38239) doi:10.2196/38239

KEYWORDS

telemental health; remote care; telemedicine; mental health; COVID-19; digital exclusion; realist review; telemedicine; virtual
care; rapid realist review; gray literature; therapy; health care staff; digital consultation; frontline staff; children; inpatient; mobile

phone

Introduction

Background

Telehealth is defined as “the delivery of health-related services
and information via telecommunications technologies in the
support of patient care, administrative activities, and health
education” [1]. Telemental health refers to such approaches
within mental health care settings. It can include care delivered
by means such as SM S text messaging and chat functions but
most commonly refersto telephone callsand video calls, which
are central to telemental health care.

Before the COVID-19 pandemic, there was interest in many
countries and settingsin integrating new technologies, including
telemental health approaches, more widely and effectively in
mental health care services. This was of particular interest in
countries where face-to-face (ie, in-person) mental health care
was largely inaccessible to remote communities [2]. Research
has demonstrated that telemental health can be successful in
various contexts, although studies before the pandemic tended
torelateto relatively small-scale and well-planned applications
of telemental health with volunteer participants, rather than
large-scale implementations across whole service systems.
Telemental health has been found to be effective in reducing
treatment gaps and improving access to mental health care for
some service users[3-5]. Thisincludes those who live far from
services or where caring responsibilities affect their ability to
travel [6-8]. Positive outcomes and experiences have been
reported across a range of populations (including adult, child
and adolescent, older people, and ethnic minority groups) and
settings (including hospital, primary care, and community)

https://www.i-jmr.org/2022/2/e38239

[9-11]. Some evidence has suggested that telemental health
modalities such as videoconferencing are equivalent to, or even
better than, face-to-face modalities for some service users in
terms of quality of care, reliability of clinical assessments,
treatment outcomes, or adherence [9,10,12,13]. High levels of
service user acceptance and satisfaction with telemental health
services have also been reported in research samples [4] and
for certain populations, including those with physical mobility
difficulties, social anxiety, or severe anxiety disorders [6,7].
However, conversely, telemental health services are not
appropriate for or favored by all service users, and there is no
one-size-fits-all approach. In particular, service users
experiencing social and economic disadvantages, cognitive
difficulties, auditory or visual impairments, or severe mental
health problems (such as psychosis) have benefited less from
telemental health interventions [14,15]. Digitally excluded
service users tend to be people who are aready experiencing
other forms of disadvantage and are already at risk of poorer
access to services and less good quality care; thus, a switch to
telemental health may exacerbate existing inequalities [16,17].
In addition, concerns have been raised around the impacts of
telemental health on privacy and confidentiaity of clinical
contacts, especially for the many service userswho do not have
the appropriate space and facilities for its use, as well as its
appropriateness for certain purposes, such as conducting
assessments or risk management [14].

Encouraging evidence of telemental health acceptability and
effectiveness from prepandemic research tended to relate to
limited populations who had opted into well-planned remote
services [18]. However, during the COVID-19 pandemic, the
use of telemental health around the world greatly accelerated,
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and telemental health became aroutine approach for maintaining
and delivering mental health services. Telemental health
initiatives were central to delivering mental health servicesin
the context of this emergency. Technological initiatives have
also helped to address socia isolation, which worsened
throughout the pandemic [6,19]. In the United Kingdom, there
werelargeincreasesin remote consultationsin National Health
Service (NHS) primary care [20], and national data reported
that most contactsin NHS mental health settingswere delivered
remotely in 2020 [21], particularly during thefirst UK lockdown
(March to July 2020).

Following the rapid adoption of telemental health at the start
of thecrisis, service planners, clinicians, and service usershave
expressed interest in the greater use of telemental health in the
long term [14,19,22,23]. However, several challenges have been
identified as arising from this widespread implementation
[14,16,19,24,25]. Theseinclude (1) reaching digitally excluded
populations, who may, for example, have limited technol ogical
access or expertise or both, thus compounding existing
inequalities experienced by disadvantaged groups; (2) alack of
staff competence in using telemental health devices and
confidence in delivering telemental health care; (3) a lack of
technological infrastructure within heath services, (4)
challenges in managing clinical and technological risks in
remotely delivered care; (5) devel oping and maintaining strong
therapeutic rel ationships online, especially when thefirst contact
isremote rather than face-to-face; (6) maintaining service user
safety and privacy; and (7) delivering high-quality mental health
assessments without being able to see or speak to the service
user face-to-face. It is also more difficult to undertake physical
assessments, including for physical signslinked to mental health,
and side effect monitoring.

Both for future emergency responses and to establish a basis
for the integration of telemental health into routine service
delivery (where appropriate) beyond the pandemic, evidenceis
needed on how to optimize telemental health care, given the
unique relational challenges associated with mental health care,
and identify what works best and for whom in telemental health
care delivery and in which contexts. It is also important to
identify contexts in which telementa health is unlikely to be
safe and effective, where face-to-face delivery should remain
the default.

A methodological approach developed to address questions of
which interventions work, for whom, and in which contextsin
a timely way is the rapid redist review (RRR) [26]. This
methodology has been developed to rapidly produce
policy-relevant and actionable recommendations through a
synthesis of peer-reviewed evidence and stakeholder
consultation. A key characteristic of realist methodology isthe
focus on interactions between contextual factors (eg, a certain
population, geographical location, service setting, or situation)
and rel evant mechanisms (eg, behavioral reactions, participants
reasoning, or resources), which affect the outcomes of interest,
such as intervention adherence or service user satisfaction
[26-28]. Together, these ae used to develop
context-mechanism-outcome (CMO) configurations, which
comprise the fundamental building blocks of realist synthesis
approaches. Evidence from the wider literature is also drawn

https://www.i-jmr.org/2022/2/e38239
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upon to develop midrange theories. Midrange theories are
program theories that aim to describe how certain mechanisms
in specific contexts result in specific outcomes [29]; the use of
the wider literature to develop midrange theories helps to
elaborate and refine the developed CMO configurations by
shedding further light on how their mechanisms operate
[26,30-32]. Additional information on realist terminology can
be found in Multimedia Appendix 1.

Objective

This is a unique opportunity to establish the characteristics of
high-quality telemental health services and use these findings
to identify key mechanisms for acceptable, effective, and
efficient integration of telemental health services into routine
mental health care. Using a realist methodology, in this RRR,
we aimed to answer the question of what telemental health
approaches work, for whom, in which contexts, and how?
Specifically, we investigated the following questions in this
review:

1. What factors or interventions improve or reduce adoption,
reach, quality, acceptability, or other relevant outcomesin
the use of telemental health in any setting?

2. Which approachesto telemental health work best for which
staff and service users in which contexts?

3. Inwhat contexts are phone calls, video calls, or SMS text
messages preferable, and in which contexts should mental
health care be delivered face-to-face instead?

We focus particularly on groups and contextsidentified as high
priority by policy makers (the process is described in detail in
the Methods section), including children and young people,
crisis care and inpatient settings, and groups at high risk of
digital exclusion; examples from these groups are included
wherever possible.

Methods

Overview

The RRR was conducted by the National Institute for Health
Research Mental Health Policy Research Unit (MHPRU), a
team established to deliver evidence rapidly to inform policy
making, especially by the Department of Health and Social Care
in England, associated government departments, and NHS policy
leadership bodies. The project constitutes the final stage in a
program of work on telemental health delivery conducted to
meet urgent policy needs, which included an umbrella review
of pre-COVID-19 evidence [18], a qualitative investigation of
service user experiences of telemental health [24], asystematic
review of literature on telemental health adoption conducted
during the early phase of the pandemic [14], and a systematic
review on the cost-effectiveness of telemental health approaches
(personal communication by Clark et al, 2022). This RRR was
registered on PROSPERO (International Prospective Register
of Systematic Reviews, CRD42021260910).

We conducted the RRR during the COVID-19 pandemic, with
videoconferencing via Zoom (Zoom Video Communications)
as the primary means of communication among the research
team.
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Study Design

An expert reference group of 28 people, including 16 (57%)
university-employed academics, 7 (25%) expertsby experience
(lived experience researchers from the MHPRU Lived
Experience Working Group (LEWG) with personal experiences
of using mental health services or supporting others or both),
and 8 (29%) experts by profession (including frontline
clinicians), guided and contributed to the RRR throughout.
Some members belonged to multiple groups and therefore
worked from several (academic, clinical, or lived experience or
multiple) perspectives.

The group met weekly throughout this process from July to
November 2021. The expert reference group meetings served
to develop and refine the study protocol; plan the searches for
evidence (particularly the targeted additional searches
supplementing the initially planned strategy); iteratively
examine, refine, and validate the CM O configurations derived
from our evidence synthesis, with reference to their expertise
by experience or profession or both; and plan wider consultation
on our emerging findings. Members of the expert reference
group al so contributed to the literature searches, data extraction,
synthesis, and interpretation of data.

The stages of our RRR were based on the following five steps,
variations of which have been described and used in previous
studies [26,31,32]:

1. Developing and refining research questions

2. Literature searching and retrieving
(data/stakehol der views)

3. Screening and extracting information/data

4. Synthesizing information/data

5. Interpreting information/data

information

Our approach to these steps was iterative rather than linear,
particularly for steps 3, 4, and 5, where there were multiple
phases of extraction, synthesis, and interpretation. This is
described in detail in the following section.

Developing and Refining the Resear ch Question

Weformulated the research question in response to policy maker
needs. We reviewed findings from earlier stages of the
MHPRU’s program on COVID-19 impact on mental health care
and on telemental health [6,18,19,24,33] with policy makers,
including senior officials and mental heath teams in the
Department for Health and Social Care, NHS England, and
Public Health England. We then identified questions to be
addressed from their perspective to plan for future
implementation and delivery of telemental health. Thisincluded
considering how best to incorporate telemental healthin routine
practice once the need for its emergency deployment passes.
Early in these discussions, three priority groups regarding the
evidence that is currently lacking were identified as especially
important for policy and planning: children and young people,
users of inpatient and crisis care services, and digitally excluded
groups. Digitally excluded groups include those who have no
or reduced accessto the digital world because of alack of digital
skills (eg, using computers or smartphones), connectivity (eg,
access to the internet or phone signal), and accessibility (eg,
those who may require assistive technology or do not have
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access to digital devices or connectivity because of, eg, costs).
Our primary question of which telemental health approaches
work, for whom, and in what context originated in these
discussions and was further refined by the MHPRU core
research team who identified aRRR methodol ogy as appropriate
and further refined the primary and secondary questions and
methodol ogy with the expert reference group beforeregistering
the protocol.

Selection Criteria

Sources were included if they met the criteria described in the
following sections.

Participants

Participantsincluded staff working in thefield of mental health,
people receiving care from mental health services, family
members, and other supporters of peoplereceiving mental health
care.

I nterventions

Interventions included any form of remote (spoken or written)
communi cation between mental health professionals, or among
mental health professional s and service users, family members,
and other supporters, using video calls, telephone calls, SMS
text messaging services, or hybrid approaches combining
faceto-face and web-based modalities. Peer support
communicationswere al so included alongside any strategies or
training programs to support the implementation of the
abovementioned interventions. Self-guided web-based support
and therapy programs were excluded.

Types of Evidence

This included qualitative or quantitative evidence on (1) what
improves or reduces adoption, reach, quality, acceptability, or
clinical outcomes in the use of telemental health; (2) impacts
of introducing interventions or strategies intended to improve
adoption, reach, quality, acceptability, or clinical outcomes; (3)
interventions or strategies intended to help mental health staff
make more effective use of telemental health technologies; (4)
impacts of telemental health on specific service user groups and
settings, including people who are digitally excluded, users of
inpatient and crisis care services, and children and young people;
and (5) the appropriateness of the use of telemental health versus
face-to-face carein particular contexts. In addition to outcomes,
sources were required to include information on mechanisms
(ie, what works, for whom, and how).

Study Design

This included any qualitative, quantitative, or mixed methods
study design, including relevant service evaluations, audits, and
case series. Gray literature and other sources, such as websites,
stakeholder feedback, and testimonies from provider
organizations and service user and carer groups were aso
included. Sourceswere alsoincluded if the focuswasnot solely
on remote working, but the results contained substantial data
relevant to our research questions. Substantial data had to
provide relevant and sufficient information on context,
mechanisms, and outcomes and contribute to the development
of overarching CMO configurations. Editorials, commentaries,
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letters, conference abstracts, and theoretical studies were
excluded.

Search Strategy

The search strategy wasin accordance with PRISMA (Preferred
Reporting Item for Systematic Reviews and Meta-Analyses)
guidelines (Figure 1) [34]. Resources and literature were
identified through the sources described in the following
paragraphs.

First, we screened peer-reviewed studiesincluded in 2 previous
reviews on telemental health conducted by the MHPRU. The
umbrella review by Barnett et al [18] included systematic
reviews, redist reviews, and qualitative meta-syntheses on
remote working before the onset of the COVID-19 pandemic
[18]. The systematic review by Appleton et al [14] synthesized
primary research on the adoption and impacts of telemental
health approaches during the pandemic [14]. An updated search
of the latter review was conducted on May 19, 2021.

Schlief et &

Second, we worked with our expert reference group to identify
additional peer-reviewed and gray literature. Searches were
conducted on the websites of relevant national and international
voluntary and statutory organizations identified by the expert
reference group and by internet searches (eg, Mind and the
Royal College of Psychiatrists). Identified literature was noted
on a shared Microsoft Excel spreadsheet. This process was
supported using Slack, a web-based messaging application, to
coordinate this complex and rapidly changing process.

Finally, the MHPRU disseminated acall for evidence via Twitter
and email to relevant organizations and individuals (such as
charities supporting digital inclusion, chief information officers,
and telehealth leadswithin NHS Trusts) inviting them to submit
relevant evidence, including evaluations, audits, surveys,
stakeholder feedback, and testimonies from provider
organizations and service user and carer groups.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram. * Inpatient and crisis service users, children and
young people, people who are digitally excluded, and items from a service user viewpoint [14,18]. CMO: context-mechanism-outcome.
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Update search for
additional COVID-19
remote working literature
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l

| 108 sources included in the realist synthesis

Study Selection

Referencesincluded in the umbrellaand systematic review were
downloaded and screened for inclusion in the RRR using
EPPI-Reviewer (version 4.0) [35]. One of thereviewers screened
abstracts and titles of the references identified through the
updated searches of the umbrellareview and systematic review.
Full textswere reviewed for inclusion, with included and unsure
sources checked by another reviewer. Sources were included
inthefinal review if they met our inclusion criteriaand provided
relevant information for the development of CMO
configurations. Disagreementswere resolved through discussion
with the wider research team.

https://www.i-jmr.org/2022/2/e38239
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Process of Data Extraction, Synthesis, and
Interpretation

Data Extraction

The source characteristics were extracted and inputted on
EPPI-Reviewer (version 4.0) [35]. Extracted characteristics
included study aim and design (if applicable), type of service,
telemental health modalities used, mental health diagnosis of
service users, and staff occupation. MHPRU researchers
screened each included source for information that could be
assembled into CM O configurationsrel ated to telemental health
(ie, information on contexts, outcomes, and underlying
mechanisms). Underlying CMO configurations were extracted
by MHPRU researchersand LEWG members. Underlying CMO
extraction involved reading each source before identifying
contexts, mechanisms, and outcome configurations that were
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either (1) identified by the authorsin the paper or (2) identified
by extractors by linking them together from the data,
descriptions, and discussion in the paper. Each week, samples
of the extracted CMO configurations were reviewed by the
expert reference group to ensure coherence, relevance, validity,
and format consistency.

Data Synthesis

The research team then began the process of synthesizing the
underlying CMO configurations by reviewing the extracted
CMO configurations and identifying emerging themes. We
developed four domains to encapsulate key aspects of the
evidence: (1) connecting effectively; (2) flexibility and
personalization; (3) safety, privacy, and confidentiality; and (4)
therapeutic quality and relationship. Each of the 4 identified
domains was allocated to an MHPRU researcher to lead the
synthesis, with input from LEWG members, clinicians, and
MHPRU senior researchers.

To develop content for each of these 4 domains, underlying
CMO configurations were, in essence, synthesized based on
similarities to create a single overarching CMO (discussed in
full detail in Multimedia Appendix 1). Underlying CMO
configurations extracted from individual sourceswerereviewed
in terms of their similarities and differences (eg, CMO
configurations related to the convenience of telemental health)
and then grouped together based on similar mechanisms (eg,
flexibility, which reduces practical barriersto accessing mental
health care) and outcomes (eg, increasing attendance and
reducing missed appointments). Each similar group of
underlying CMO configurations was then synthesized and
refined to create a single overarching CMO, which reflected
key content across the underlying CMO configurations, aswell
as input from the expert reference group. Each overarching
CMO was assigned to 1 of the 4 domains.

Realist work does not conduct a traditional quality appraisal,
as it values evidence from all sources in a nonhierarchical
manner [27,29]. Our overarching CMO configurations were
also significantly developed throughout the synthesis process
based on stakeholder input, and thus, quality appraisal of
individual study sources would not have reflected the quality
of the final overarching CMO configurations.

I nterpretation

An iterative process of revising and refining overarching CMO
configurations from the perspective of stakeholder experience
followed. Revisions, refinements, and additions werefirst made
through discussion with the expert reference group. Summaries
were then also discussed at three 2-hour stakeholder webinars,
each focusing on one of our priority groups: children and young
people, inpatient and crisis care services, and digitally excluded
groups. The webinars were primarily attended by groups
representing these constituencies and services who work with
them, including experts and stakeholder representatives from
research, policy, and clinical settings (nationally and
internationally); the voluntary sector; lived experience groups
and community organizations working with marginalized
groups, and telehealth technology initiatives. There were
between 30 and 40 participants at each webinar. During the
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webinars, participants were divided into breakout rooms, with
a facilitator and a note taker from the core research team.
High-level summaries of preliminary data were presented by
domain, and attendees were asked to discuss the following
guestions: (1) whether the preliminary summaries captured their
own knowledge and experience of telemental health, (2) whether
the summaries applied to and how the summaries were relevant
for the priority group at hand, and whether they were aware of
any additional challenges or recommendations related to
delivering telemental health to the priority group.

On the basis of the feedback from these webinars, the
overarching CM O configurations within each of the 4 domains
were then further revised and refined. We actively sought
additional information related to each overarching CMO,
including relevant contexts, further detail about mechanisms,
real-life examples of strategies and solutions (such as for
overcoming barriers identified within the CMO), and points of
particular importance or concern, from the webinar notes, the
expert reference group meetings, and related literature. We
noted thisinformation alongside therelevant overarching CMO
and used it to refine the CMO configurations. In addition, we
drew upon midrange theories (evidence-based theories derived
from thewider literature) to provide more theoretically informed
explanations of mechanisms (eg, the digital inverse care law
[16], which theorizes that those most in need of care via
telemental health are least likely to engage with it and existing
inequalities will widen, helped to strengthen the mechanisms
around digital exclusion). Throughout this process, the core
research team and the expert reference group were iteratively
consulted, and their feedback wasintegrated into the overarching
CMO configurations. The revised theories were shared for a
final email consultation with the stakeholderswho wereinvited
to our webinars. Their feedback was incorporated and resulted
in the final overarching CMO models presented under each
domain in this paper.

Results

Overview

Underlying CMO configurationswere extracted from 17 studies
included in the previous umbrella review [18] and from 45
studies included in the systematic review [14]. The updated
searchyielded 44 potentially rel evant studies, of which 21 (48%)
were excluded (either as they did not contain data on context,
mechanisms, and outcomes or they added no additional
information as data saturation had been reached). CMO
configurations were extracted from 52% (12/23) of the
remaining studies that met our inclusion criteria and were
included in the realist synthesis. Through consultations with
our expert reference group, we identified 28 sources, of which
16 (57%) met our inclusion criteria and provided additional
information related to our priority groups, and 14 (50%) yielded
CMO configurations that were included in the synthesis. We
received 68 potential sources through the call for evidence, of
which 22 (32%) met our inclusion criteriaand provided rel evant
information on our priority groups; CMO configurations were
extracted from 13 (19%) of these. Finally, website searches
identified 52 potentialy relevant sources, of which 13 (25%)
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met our inclusion criteria and 7 (13%) provided information
relevant to CMO configurations. The realist synthesisincludes
atotal of 108 sources.

Of the 108 included sources with primary data or detailed
accounts of what works, for whom, and in what context, most
were primary research studies (72/108, 66.7%), followed by
service descriptions/evaluations/audits  (19/108, 17.6%),
guidance documents (4/108, 3.7%) and briefing papers (3/108,
2.8%), commentaries/editorial s/discussions (4/108, 3.7%), and
letters (2/108, 1.9%), as well as areview (1/108, 0.9%), news
article (1/108, 0.9%), webpage (1/108, 0.9%), and a service
user—{ed report (1/108, 0.9%). Of the 84 sources that included
primary research data, 32 (38%) used quantitative methods, 19
(23%) used qualitative methods, and 33 (39%) used mixed
methods (including n=2, 2% case studies).

Most sourceswere published in the United States (41/108, 38%)
and the United Kingdom (34/108, 31.5%). The remaining
sources collected datain Canada (7/108, 6.5%), the Dominican
Republic (1/108, 0.9%), Australia (7/108, 6.5%), China (2/108,
1.9%), India (3/108, 2.8%), Egypt (1/108, 0.9%), and Nigeria
(17108, 0.9%), as well as 10 European countries, including
Austria (1/108, 0.9%), France (1/108, 0.9%), Germany (1/108,
0.9%), Ireland (1/108, 0.9%), Italy (2/108, 1.9%), Netherlands
(1/108, 0.9%), Portugal (1/108, 0.9%), Spain (1/108, 0.9%),
Sweden (1/108, 0.9%), and Switzerland (1/108, 0.9%). Details
of the included sources are presented in Multimedia Appendix
2[12,19,24,36-153].

Overarching CMO configurations for each doman are
summarized in Tables 1-4, and details of the underlying CMO
configurations and summary notes on stakeholder discussions,
which shaped the overarching CMO configurations, are
presented in Multimedia Appendix 3 [12,19,24,36-153]. For
each overarching CMO, we included examples of key contexts
that are relevant for the CMO and examples of strategies and
solutions addressing the challenges or opportunities identified
in the CMO: these were drawn from underlying CMO
configurations and stakehol der discussions. Inthetext outlining
each domain, we aso identify major midrange theories that
elucidate mechanisms and outcomes for overarching CMO
configurations.

Domain 1: Connecting Effectively

The content of this domain relates to establishing a good
web-based connection to join a video call of sufficient quality
or to engage in telemental health via phone or message, with a
particular focus on digital exclusion. Table 1 outlines 7
overarching CMO configurations identified in relation to this
domain, addressing i ssues concerning device and internet access
(CMO 1.1 and CMO 1.2), technology training (CMO 1.3), the
impact of preparation and technological disruptions (CMO 1.4
and CMO 1.5), the familiarity and usability of the platforms
(CMO 1.6), and the acceptability of telemental health as an
alternative to receiving no care during emergency situations
(CMO 1.7). Three of the CMO configurations were related to
trying to resolve three main challenges: (1) accessto acharged,
up-to-date device that enables internet access (CMO 1.1); (2)
aninternet (Wi-Fi or data) or signal connection (CMO 1.2); and
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(3) theknowledge, ability, and confidenceto engage on theweb
(CMO 1.3). Much of the content relates to challenges service
users encounter in engaging with telemental health; however,
theliterature and stakehol der discussion also yielded significant
challenges for staff and service providers in the practicalities
of connecting on the web.

Theories regarding the relationship between digital exclusion
and other forms of exclusion and deprivation, as well as the
potential of digital exclusion to amplify inequalities, contribute
to our understanding of key mechanisms and outcomes in this
domain. Widening inequalities have been described as an
inevitable consequence of the expansion of the role of
technology in health care, with loss of access to community
facilities, such aslibraries, making thisastill greater risk during
the pandemic [154]. The “digital inverse care law” [16]
describes atendency for groupsin most need of care (eg, older
people or people experiencing socia deprivation) to be least
likely to engage with technological forms of health care. This
is highly sadlient in mental health care, given the strong
associations between experiencing mental health challenges
and experiencing one or, often, many forms of disadvantage
[154].

Access to devices (CMO 1.1) is a contributor to digital
exclusion, and groups who are especialy likely to be affected
include homelessindividualsand peopleliving in poverty, those
receiving inpatient or crisis care, and young children who may
not havetheir own devices. Thetype of device may beimportant
for accessing telemental health. For example, smartphones may
be less suitable for video therapy because of their small screens
[155], although this may belessrelevant for young people who
are familiar with and consistently use smartphones for
connecting on the web [156]. This raises future research
questions around which types of digital deviceswork for whom
and in what context when it comes to continuing telemental
health treatment. It may also haveimplicationsfor the provision
of suitable equipment to certain populations.

Our consultations and the wider literature revealed that lack of
accessto good quality Wi-Fi, including poor Wi-Fi in hospitals
and offices, was a further key barrier to the successful and
equitable delivery of telemental health (CMO 1.2). It was
emphasized that modernization of software and hardware,
particularly withinthe NHS, isneeded in many health care sites
to alow for the requirements of telemental health. Service users
also reported relying on their own mobile phone datato connect
to telemental health services, often depleting their data
completely after or during just one video call or consultation,
whichisexpensiveto replenish and may also deter engagement.
This could amplify existing inequalities, leaving some service
usersat risk of digital exclusion and unableto accesstheinternet
and mental health support. Disruptions to telemental health
appointments because of poor connections are a significant
barrier to engagement (CMO 1.4). Our consultations and the
existing literature highlighted the importance of having an
alternate form of communication (eg, a telephone call) as a
backup plan in case of a technology or connection failure
[36,37,157,158].
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Table 1. Domain 1: Connecting Effectively.
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CMO2title References  Overarching CMO Key contexts Example strategies and solutions
CMO1.1: Provid- [19,39-49, When service userswho do not have access Lack of accessto devices «  Schemesorganized by bodies, in-
ing serviceusers 59| to digital devices are given accessto up-to-  particularly affects people cluding health care providers, li-
with accessto date devices (and chargers), paid for or loaned  living in poverty or unstable braries, schools and colleges,
digital devices to them (context), this results in improved living circumstances (such charities, and community organi-

access to and implementation of telemental
health services (especially viavideo plat-

forms; outcome 1), some inequalitiesin ac-
cessing adigital device are addressed (out-

as homeless people or
refugees), as well as other
groups at risk of exclusion
not only from telemental

zations, that lend or give digital
devices and chargers

Inpatient wards providing devices,
such as iPads, and short cable or

come 2), exacerbation of existing inequalities health but from arange of wireless chargers, or charging
islesslikely (outcome 3), and service users  servicesand networks (such lockers

are more able to maintain personal contact ~ aspeoplewhoarecognitive- «  Hesalth servicesproviding separate
with family and friends if they wishand ac- |y impaired or with psy- and private rooms with videocon-
cessarange of web-based services (outcome chosis or substance abuse ferencing capabilities

4), asthis reduces the burden of having to
purchase a device for the service users and
provides more financially viable access to
devices required for web-based connections

(mechanism).

disorders). It can also partic-
ularly affect inpatients, who
may not have access to de-
vices or charging facilities
or both on the ward, and
children and young people,
who may not have accessto
their own devices.

Promoting awareness among ser-
vice providers about the tendency
for digital exclusion to exacerbate
exigting disadvantagesand inequal -
ities, with the devel opment of ac-
tive strategies to mitigate this

Phone callsrather than video calls
may be more appropriate for ser-

vice userswho do not have access
to digital devicesthat facilitate

video calls
CMO 1.2: Lack of accessto stable, secure, and adequate internet connection
Staff [19,39,41, When the staff deliver telemental healthvia Thisis particularly relevant «  Investingin high-quality I T infras-
42,44, 47, video from workplacesor homeswithanun-  for staff working within tructure to ensure disruptions to
50-60] stable and poor internet connection (context), health care providers that calls do not originate from poor

teleconsultations are difficult (or impossible)  frequently have insufficient provider connections

to conduct with service users (outcome 1),  Wi-Fi or internet connection «  Providing devices with access to
fewer teleconsultations are conducted (out-  to deliver sessionssmoothly. data, or data/Wi-Fi allowances,
come2), and telemental healthisviewedless |t also affects staff who do for use by staff when working
positively (outcome 3), as staff experience  not have adequate Wi-Fi away from health service premises
frustration, and there is reduced motivation  connectivity in their own (at home or in community set-

to arrange web-based appointments (mecha-  homes or when working in tings)

nism). the community.

Serviceusers [19,39,41, When serviceusersonly haveaccesstoan  Thisisespecialy relevant  «  Signposting to low-cost plans for
42,44, 47, insecure, unstable, and poor-quality internet  for service users on low in- people on low incomes
50-60] connection or consistent technological prob- comes or from socialy «  Providing free access to Wi-Fi,
lems (context), it is difficult for telemental  marginalized groups (such data, and phone connections (may
health to be viewed positively (outcome 1), as homeless people), those be included with devices that are
they are able or willing to accept fewer web-  living in multiple occupancy lent or given)
based consultations (outcome 2), they may ~ households where Wi-Fiis «  Providing or signposting to com-
continue to struggle with their mental health  overstretched, and people munity hubs with access to data
(if face-to-face consultationsare unavailable;  from low-to-middieincome «  Providing face-to-face appoint-
outcome 3), and thismay result indigital ex- countries. Lack of accessto ments where the above problems
clusion that could exacerbate existinginequal-  reliable internet or even cannot be resolved
ities (outcome4), asthe service usersstruggle  electricity also differentially
to engage in sessions with sufficient clarity  affects peoplein rural and
and mutual comprehension and experience  remote areas. Peoplein
frustration (mechanism). marginalized groups may
aso lack the meansto pay
for atelephone service.

CMO 1.3: Benefits of providing support and guidance for using technology
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CMO?title References Overarching CMO Key contexts Example strategies and solutions
Staff [19, 24,38, When staff who lack the confidence or Thisisespecialy relevant  «  Provision of training sessionsrel-
42-44, 46, knowledge to deliver mental health care on-  for staff who are new to de- evant to thelocal context, includ-
53, 59, line (particularly viavideo calls) receive livering mental health care ing information on troubleshoot-
61-75] practical instruction and guidance on how to  remotely or who are unclear ing technology and maintaining

Serviceusers  [19, 24, 38,
42-44, 46,
53, 61-75]

CMO1.4: Impact [36, 45, 56,
of technology-re- 76-82]
lated disruptions

use technology to deliver mental health ser-
vices (including clear information about how
to operate within local policies, procedures,
and platforms; troubleshoot issues during
telemental health sessions; and formulate and
implement backup plans; context), they feel
anincreased sense of confidencein managing
and delivering telemental health services
(mechanism), which leads to increased use
of telemental health services (outcome 1) and
fewer delays, resulting in more appointments
being completed on time (outcome 2).

When service users with access to a technol-
ogy device who struggle with the confidence,
knowledge, or the ability to use telemental
health receive guidance, reassurance, and in-
struction (tailored to their health care provider
and their language, reading ability, and any
sensory disability) on how to use technology
(particularly video calls) to access mental
health care, engage with backup plans, and
receive timely technical support and trou-
bleshooting during treatment sessions (con-
text), they feel an increased sense of confi-
dencein accessing telemental health (mecha-
nism), which reduces anxiety in using tele-
mental health and digital technologies (includ-
ingintheir personal lives; outcome 1), facili-
tates the adoption of and adherence to tele-
mental health (outcome 2), improves service
users' ability to adjust to remote care (out-
come 3), reduces interruptions in care deliv-
ered viatelemental health (outcome 4), and
increases satisfaction with telemental health
(outcome 5).

When technological issues (including connec-
tion problems and device issues) lead to dis-
ruptions in web-based sessions and thereis
no prearranged backup method of contact (eg,
aplan to connect by telephone instead of
video call if needed; context), the quality of
the intervention is diminished (outcome 1),
there is aloss of empathic connection be-
tween client and therapist (outcome 2), and
the sessions may not be able to continue
(outcome 3), asthe flow of the conversation
isinterrupted and session time reduced, for
example, when having to ask the other person
to repeat what has been said or when cut off
completely, leaving staff and service users
potentially feeling distracted, frustrated,
awkward, and upset (particularly if thereisa
threat of therapy withdrawal because of
missed sessions; mechanism).

or unfamiliar with using lo-
cally recommended plat-
forms and procedures.

Receiving guidancetailored
to local policies and proce-
dures for telemental health
accessisrelevant to al ser-
vice users. Itislikely to be
particularly relevant to
groups identified as at high
risk of digital exclusion
through lack of confidence
in using technology, includ-
ing older people, people
with severe mental health
problems, and people with
intellectual disabilities or
cognitiveimpairments. Pro-
duction of accessible guid-
anceis especially relevant
for people with cognitive
impairments or intellectual
disabilities, children, people
with sensory disabilities, and
people who do not under-
stand English well.

Thisis particularly relevant
for the use of videoconfer-
encing, where phone backup
can reduce the risk of aban-
doning appointments be-
cause of failureto make a
stable connection.

privacy, safety, and confidentiality

« Accesstoguidanceonvideocalls,
including clear information on
processes and policiesfor provid-
ing telemental health in the orga-
nizations where the staff work

«  Peer support and group or team
sessionsfor practicing technology

» Refresher training sessions and
rolling training for new joining
staff

«  One-to-onetraining or support
from adigital facilitator/champi-
on/mentor, peer supporters, fami-
ly, friends, or adedicated member
of staff who can provide guidance

«  Written or video information
about how to access telemental
health, including material tailored
to age, cognitive abilities, sensory
impairments, and language, and
to the platforms that are in local
use (eg, guidance in other lan-
guages, easy-to-read materia with
pictures, and personalized work-
books sent to children before a
telemental health contact)

«  Opportunities for practice and
repetition of training as needed

«  Written guides for different tech-
nology platformsthat give step-
by-step instructions, including
how to set up IDs and passwords,
sent out with appointment letters

«  Brief and direct training sessions
offered to service users before
their web-based appointment,
performing atria run of using the
technology beforehand or increas-
ing web-based contact duration to
accommodate learning

«  Agreeto abackup method of
connecting (eg, reverting to tele-
phone callsin the event of adis-
ruption)

«  Where connection issues cannot
be readily resolved, and backup
methods are not sufficient, strate-
gies to address connection prob-
lems (as mentioned previously)
arerequired, or moves to face-to-
face care should be facilitated
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CMO?title References Overarching CMO Key contexts Example strategies and solutions
CMO 1.5: [83-85] When staff prepare serviceusersfortelemen- Thisisrelevant acrosstele- «  Informing service userswhen they
Preparing service tal health appointments and communicate mental health contexts but are going to be contacted and via
usersfor telemen- clearly with service users about what to ex-  may be particularly relevant what platform
tal health pect (context), thisleadsto more accepted  for serviceuserswhohave .  Sending textsto remind a service
calls and fewer missed service user contacts not used telemental health user that acall is scheduled for a
(outcome), as service users have morerele-  before or are anxious or specific time
vant knowledge of the process, including worried about telemental « Informing service users about
when to expect contacts and from what health. when phones are manned and how
number, and feel more comfortable engaging long they can expect to wait for a
with telemental health services (mechanism). call back
« Routing staff telemental health
callsto service users through un-
blocked, local, and familiar clinic
or hospital numbersaor, if aprivate
number must be used, ensuring
that service users are expecting
this
CMO 1.6: Ser- [41,668690] Where service users already use remote Thisisespecidly relevantto «  Service providers prioritizing al-
viceusers famil- technologies for social, educational, or work — service userswho are al- lowing the use of avariety of
iarity with the purposes, or where the web-based platforms ready making some use of platforms, especially those likely
platform and ease arerelatively easy to use (context), offering  technology, for example, for to be widely familiar (eg, Zoom
of use achoiceof familiar and accessibletechnology  social, educational, or work and WhatsApp video)
platformsthat may belessdifficult and time-  purposes. « Attempting to addressgovernance
consuming for staff and service usersto un- concernsand provide guidancefor
derstand or learn (mechanism) may increase safe use, balancing web-based
the likelihood of engagement with services safety and other riskssuch asdis-
viatelemental health, especially video calls engagement from services
(outcome).
CMO1.7: Tde- [36,43,60, When service users are offered telemental Thisis applicable across o Widespread implementation of
mental health 90-92] health appointments as face-to-face appoint- mental health servicesinthe telemental health has proved a
may be a better ments are restricted (eg, because of COVID- context of any emergency successful strategy for maintain-

dternative to re-
ceiving no care
for service users
during an emer-
gency, such as
the COVID-19
pandemic

19 or another emergency; context); these ap-
pointments arelikely to be accepted by some
service users on the basis that they are the
main way by which mental health care can
continue (outcome 1), and there is a reduced
risk of infection from COVID-19 (outcome
2), astelemental hedlth is seen as preferable
to receiving no support at al and as an alter-
native to canceling appointments entirely
(mechanism).

which restricts face-to-face
meetings, especialy in ser-
vices where all face-to-face
contacts have been discontin-
ued or where they are limit-
ed to immediate crises. It is
especially relevant for ser-
vice users who need to self-
isolate because of high per-
sonal risk, or where clini-
cians need to self-isolate af -
ter contact with others.

ing contact with many (but not all)
mental health service usersduring
an emergency that restricts face-
to-face contact, with some service
users accepting telemental health
in this situation, but who would
otherwise be reluctant or unable
todosoif notinarelatively short-
term emergency

Some continuing face-to-face
contacts are still required if care
isto be offered to all who need it

8CMO: context-mechanism-outcome.

We identified the importance of technology training and
sustained formal and informal support for service users (CMO
1.3). Variationsin the ability to use telemental health are likely
to disproportionately affect certain service user populations,
often groups who also experience high level s of need for mental
health care and inequalitiesinits provision. Thisincludes people
living in deprived circumstances, people with cognitive
difficulties, people with paranoia, or those who do not speak
the same language as service providers. Understanding how to
use technology is aso important for service users social
engagement and connection, which is relevant for wider
recovery and citizenship [159-161]. Young children may also
be disproportionately affected asthey may not be ableto resolve
difficulties they experience during telemental health sessions
without the help of their parents or other supporters.

https://www.i-jmr.org/2022/2/e38239

For staff (CMO 1.3), our evidence suggests that staff training
provided more widely and accessibly on using technology for
telehealth would be helpful to ensure high-quality service
provision and overcome barriers around staff not having time
allocated to training or being reluctant to ask for support.
Evidence suggests that there are al so benefits of having access
to technical support to troubleshoot issues during sessions[38],
aswell as of practicing new skills and learning with colleagues
and peers[162].

The importance of the familiarity and usability of platforms
was highlighted throughout our stakeholder consultations and
weekly reference group meetings, as well as in the published
literature (CMO 1.6), in keeping with previous research on the
acceptability of telemedicine by service users [163]. Many of
the platforms and devices commonly used for telemental health
services, for example, during the COVID-19 pandemic, were
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not designed for use in health care settings and, therefore, may
belessuser-friendly. Theimportance of usability isemphasized
by Nielsen and Landauer [164]; 3 of 5 main usability attributes
of aprogram arethat it should be easy to learn, efficient to use,
and easy to remember. This is in keeping with our findings
related to familiarity and usability in telemental health.

Finally, preparing service users for telemental health sessions
waskey (CMO 1.5). Thiswasrelevant across telemental health
contexts, however, information tailored to individual
communication needs may be especially helpful for service
users who may experience additional challenges connecting on
the web (eg, those who are inexperienced with technology or
anxious about using telemental health, young children, older
people, and people with cognitive difficulties). For people with
significant sensory impairments, specialist adaptationswill need
to be available if telemental health is to be a viable modality
(eg, mobile phonesthat flash when receiving acall or providing
guidance in Braille or sign languages).

Domain 2: Flexibility and Per sonalization

Table 2 presents the CMO configurations, key contexts, and
example strategies and solutions for the domain of flexibility
and personalization. The need for flexibility and personalization
was akey themeidentified in both the literature and stakehol der
consultations when considering using telemental health in place
of (or in conjunction with) face-to-face mental health support.
A total of eight overarching CMO configurationswereidentified
in this domain, which can be divided into three main categories:
taking individual preferences into account (CMO 2.1, CMO
2.5, and CMO 2.7), convenience (CMO 2.2), and allowing for
more collaborative and potentially specialized care (eg,
involving specialists, family, or friendsin care; CMO 2.3, CMO
2.4,CMO 2.6, and CMO 2.8).

Our findings emphasize the importance of taking individual
service user preferences into account when deciding whether
to make use of telemental health, in selecting the modality of
digital communication used (including the type of technology
platform), and in decisions about involving others (clinicians
or family members) in care. This finding underpins all other

https://www.i-jmr.org/2022/2/e38239
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CMO configurations in this theme and coheres with theories
regarding the importance of shared decision-making,
collaborative care planning, and personalization in mental health
care[165-167]. Involving service users and carersin decisions
and care planning as part of a collaborative approach to mental
health care has been identified as central to best practice [168];
for example, areview of collaborative care for depression and
anxiety found this approach to be more effective than usual care
in improving treatment outcomes [169].

Flexible use of telemental health was also identified as being
beneficial inreducing barriersto ng mental health support
for some service users, particularly those who may struggle to
access face-to-face services for reasons such as caring or work
commitments, problems traveling (eg, because of a physical
disability, anxiety, or lack of transport) or areluctanceto attend
the stigmatizing places. Telementa health can also facilitate
connections between clinicians, especially across different
services or specialties, which can improve multidisciplinary
working and collaboration across teams and agencies and
provide service userswith awider range of speciaistsor support
for specific groups. Thisapproach has been identified ashaving
salience in a mental health setting [170-172]. In some cases,
telemental health was viewed by both service users and
clinicians as more convenient, as it reduced the need for (and
cost of) traveling to face-to-face appointments.

Telemental health was al so seen asan important tool in inpatient
wards, especially during the COVID-19 pandemic when visiting
was restricted, as it allowed service users to stay in touch with
family and friends and for them to be involved in their care. It
also allowed staff supporting inpatients in the community to
remain involved.

However, instances were identified where telemental health
was not appropriate, and face-to-face care needsto be available.
For example, some service users do not wish or feel able to
receive care by remote means or do not wish to have all
appointments by this means, whereas others may struggle with
telemental health because of sensory or psychologica factors
or a lack of access to appropriate technology and internet
connectivity.
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CMO2title Refer-  Overarching CMO Key contexts Example strategies and solutions
ences
CMO 2.1: Tak- [24, When services using remote mental ~ Allowing service user choice and Initial conversations about telemental
ing service 36,48, health care allow service usersto delivering servicesflexibly isa health with all service users, in which
users individu- 50,65, choose the modality of telemental key principle across settings and their preferences regarding the mode of
a preferences 67,75, health and achoice of remote versus  populations, with the overall aim appointments and their access to and ex-
into ac- 77,90, faceto-facecareandregularly check that care of equivalent quality pertise and interest in using technology
count—offering 91, their preferences (context), thisallows  should be availablein atimely are explored (a shared decision-making
alternatives 93104, service usersto have greater autono- way whatever modality is chosen. tool could be used to structure this)
Eagle my and choice (mechanism), leading Hybrid care, with a flexible mix- Ensuring that clinicians making collabo-
eta to them feeling more satisfied and ture of face-to-face and telemental rative planswith service usersfor telemen-
(email, ableto engage with thetype of care  health care based on the purpose tal health use are aware of risk factorsfor
Au- received (outcome 1), leading to im-  or function of appointment (eg, difficulties engaging with telemental
gust proved uptake (outcome 2) and im-  prescription review versusthefirst health and digital exclusion, including
31, proved therapeutic relationshipswith  visitto seeaclinician), preference, individual difficultiesand wider contextu-
2022)] their clinician (outcome 3). and circumstances, is especially al factors, such as poverty and poor or
relevant to service usersreceiving shared housing
relatively complex care with mul- Ensuring equal access to timely care of
tiple types of appointments, for good quality regardless of choice of
example, from multidisciplinary modality
community teams. Children and Regularly revisiting preferences and col-
young people may particularly laboratively planning how care will be
benefit from being offered achoice delivered
asitincreasestheir feelings of au- Ensuring that service users engaging in
tonomy and improves engagement group therapies and activities have under-
in care. stood and consented to the ways of
working of the group and that face-to-face
aternatives are of equivalent quality
CMO2.2:Re- [19, Among some service users, family,  This may be relevant for parents Offering explicit choice wherever possible
moving barri- 24,36, and other supporters experiencing with young children, people with between telemental health and face-to-
ers—greater 38,40, specificpractical barriersto attending  caring responsibilities, and people face care, including home visits where
conveniencefor 42,45, face-to-face services (childcare or who struggle to travel because of services are able to provide this, also
service users 54,55, other caring responsibilities; location, work commitments/disabili- considering that different modalities may
and fami- 67,70, work,and mobility limitations; travel ty/costs; children and young peo- be used for different purposes
ly/friends 75,76, difficulties/costs, and work commit-  plein school or higher education Identification of people for whom atten-
79,81, ments) and those who have good ac-  (so they can access mental health dance at office appointmentsis challeng-
82,84, cesstotelemental health (context),  carewithout having to leave their ing so that telemental health (or home
90-92, telemental health may providein- place of education); people who visits) can be considered
95,97, creased flexibility that addressesindi- live in remote areas or along dis- Continuing to offer choice and checking
16117  vidual practical barriers(mechanism), tance away from a specialist ser- preferences throughout the duration of

which can lead to telemental health
being viewed by some service users
and carers as more convenient and
accessible than face-to-face care
(outcome 1), easing attendance (out-
come 2), increasing uptake (outcome
3), and reducing missed appointments
(outcome 4).

vice; and people for whom travel
ischallenging because of impaired
mobility or sensory impairments
or mental health difficulties such
as agoraphobia. There may be
more advantagesto treatmentsthat
involve the support of family and
friends.

care (ie, not just asking once)

Avoiding missed appointments by offer-
ing aswitch to telemental health as an
option when a service user is unable at
short notice to attend a face-to-face ap-
pointment
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Overarching CMO

Key contexts

Example strategies and solutions

CMO2itle Refer-
ences

CMO 2.3: In- [79,

volvementand 91,

support for fam- 113115
ily and friends

CMO 2.4
Widening the
range of avail-
able mental
health services
and treatments
for service
usersviatele-
mental health

[49,
116118

CMO 2.5:
Adaptations for
service users
with sensory or
psychological
barriersto tele-
mental health

[40,
50, 77,
119]

When family and other supportersare
invited (with service user agreement)
tojoin telemental health sessions
(context), this may result in more
holistic treatment planning and
greater engagement of family and
othersin supporting service users
(outcome 1); may help improve ther-
apeutic relationships and treatment
success (outcome 2), increase engage-
ment (outcome 3), and reduce some
uncertainty and anxiety around treat-
ment (outcome 4); and may increase
the satisfaction of and support for
family and friends (outcome 5), as
family and other supporters may be
able to participate in care planning
meetings and assessments that they
would have found difficult to attend
face-to-face, increasing their engage-
ment in supporting service users and
their understanding of their difficul-
ties and care plans (mechanism).

For service users who may benefit
from servicesthat they cannot readily
accesslocally and that provide specia-
ized forms of treatment and support
regionally or nationally (context),
telemental health can widen therange
of specialist assessment, treatment,
and support available (mechanism),
which potentially leads to improved
access to servicestailored to individ-
ual needs and culturally appropriate
or specialist services (outcome 1) and
improved satisfaction and treatment
outcomes (outcome 2), although an
impoverished range of local face-to-
faceprovison may beariskif referral
to distant specialist care viatelemen-
tal health becomes routine (outcome
3).

Offering face-to-face (or telephone)
appointments to people who struggle
to cope with sensory (visud or audito-
ry) aspects of telemental health or
have symptoms that are exacerbated
by it (context) may help to improve
engagement with mental health care
(outcome) as the adverse effects of
the switch to telemental health for
these symptoms and sensory or cogni-
tiveimpai rments may be avoided and
service users are able to access their
preferred modality of care (mecha
nism).

Thisisespecially helpful for those
living in locations different from
their family and friends or where
family and friends have caring or
work commitments preventing
them from attending meetings
face-to-face, children and young
people (as this may alow their
parents to be moreinvolved in
their care), and serviceusersinin-
patient settings where family and
friends cannot visit (eg, because
of epidemic-related restrictions)
or as the hospital isin aremote
location.

People to whom thisis relevant
may include people who have
complex clinical needs or rarer
conditions such that they would
potentially benefit from assess-
ment, treatment, and support from
specialist services provided at re-
gional and national rather than lo-
cal levels; peoplewho may beable
to access distant therapists who
speak their own language or inter-
preters of rare languages not
available locally; people who
would benefit from support from
voluntary organizations that meet
specific needs that are not catered
for locally (eg, that support partic-
ular cultural groups; lesbian, gay,
bisexual, transgender, and queer
groups; or people with sensory
impairments); and people who
would benefit from awider choice
of therapies and support (including
peer support) than is available lo-
caly.

This may be relevant for people
with symptoms that may interfere
with or be exacerbated by engag-
ing with telemental health, such as
persecutory ideas or hearing voic-
€s; autism; sensory or cognitive
impairments; and migraines.

o Working with service users to identify
any family and friends whose attendance
at care planning and other clinical meet-
ings (including on inpatient wards) would
be helpful, including those for whom
telemental health would facilitate access,
such as peoplein distant locations or
whose commitments would makeit diffi-
cult to attend face-to-face meetings

» Using strategies for service usersto pro-
vide guidance on using telemental health
to family and friends and prepare them
for appointments

«  Offering children and their familiesthe
opportunity to have telemental health ap-
pointments (or, if feasible, home visits)
if they find it easier to participate asa
family without having to travel to an ap-
pointment and to be seenin aclinical
setting

« Ininpatient wards, providing charged
iPads, short cables, or charging lockers
to alow service usersto chargetheir own
devices so that they can use technology
to connect with family or other supporters

«  Development (including of funding ar-
rangements) and dissemination of infor-
mation about specialist servicesaccessible
viatelemental health

«  Accessfor service users, their family and
friends, and cliniciansto information and
signposting regarding community and
voluntary sector organizations beyond
their catchment area, which areaccessible
viatelemental health

«  Development of safeguards against the
erosion of local and in-person national
specialist servicesin favor of routine
specialist telemental health, in line with
public-sector equality duty to anticipate
and provide for the needs of groups with
protected characteristics under the
Equality Act (eg, pregnant people who
areat increased risk of domestic violence,
people whose disabilities cause sensory
hypersensitivity, and people who struggle
with screen time)

«  Ensuring that face-to-face appointments
(including homevisitsif there areimped-
iments to office appointments) remain
available

«  Making clinicians aware of the types of
clientswho may find it particularly diffi-
cult to engage with telemental health

«  Adapting telemental health where helpful,
for example, through switching off cam-
eras, using telephone rather than video
cals, or communicating viaSM S text
message
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CMOQqtitle

Refer-
ences

Overarching CMO

Key contexts

Example strategies and solutions

CMO26: Inclu-
sion of multidis-
ciplinary and
interagency
teamsin service
users care

CMO 2.7: Con-
tinuing to offer
face-to-face
careto service
users

CMO2.8: Com-
munication be-
tween staff

(8115

[53,
81, 92,
116,
120]

[19,
85,
121]

When mental health consultationsare
conducted using telemental health
(context), it enables the inclusion of
staff in appointments who are based
geographically far away or who have
schedules that would not have al-
|lowed them to join a face-to-face
session (outcome 1), meaning care
and support has potential to be more
holistic and integrated (outcome 2),
asitispossible for staff from differ-
ent services and sectors to provide
perspectives and contribute to plans
(mechanism).

When service providers offer care of
equivalent quality and timeliness
face-to-face (including home visits
where needed) rather than viatelemen-
tal heslth to service users who do not
wish or do not feel able to receive
their care remotely (context), it en-
sures that care can continue and that
inequalitiesin provision are not creat-
ed or exacerbated (outcome), asit
provides achoiceto service usersand
avoids the negative impacts of digital
exclusion (mechanism).

When remote technology platforms
areused to facilitate real-time commu-
nication between staff members, in-
cluding managers or clinicianswork-
ing in different teams (context), it can
lead to improved efficiency, more
convenient working and staff manage-
ment (outcome 1), improved commu-
nication and collaborative planning
(outcome 2), and process improve-
ment opportunities (outcome 3), as
staff have the ability to rapidly share
information, keep track of evolving
telemental health procedures (eg,
during emergencies), and make collab-
orative decisions (mechanism).

Key contextsinclude hospital inpa-
tients, where telemental health
may enable staff who work with
them in community settingstojoin
reviewsand ward rounds (especial-
ly in pandemic conditions where
they cannot attend in person), and
peoplewith complex treatment and
support, who are receiving support
from >1 team or sector.

People for whom face-to-face op-
tions may be preferable, and
choiceis especially important, in-
clude those who do not have ac-
cess to private spaces, live with
people they do not wish to be
overheard by in their appointments
(including perpetrators of domestic
abuse), do not feel comfortable
communicating viaremote means,
and do not want therapy to intrude
on their private lives should bein-
cluded. In addition, some service
users who value the time spent
traveling to and from face-to-face
appointments to process emotions
may find face-to-face options par-
ticularly useful.

Contextsin which thisis relevant
include multidisciplinary teams
who are not working on the same
site; complex provider organiza-
tions with management teams and
clinicians working on multiple
sites; situations in which people
may be receiving care from multi-
ple teams, for example, from an
inpatient or crisis service, as well
as acontinuing care service.

Working with service users to identify
staff whom it would be helpful toinvolve
in consultations such as review and care
planning meetings, including in social
care, housing, and the voluntary sector
Facilitating the involvement of such staff
inreviewsviatelemental health, especial-
ly where face-to-face attendance is not
feasible

Ensuring services are able to offer a
choice between telemental health and
equivalent care delivered face-to-face
(especially when telemental healthis part
of routine care rather than ameans of
managing a national emergency)
Ensuring (asin CMO 2.1) that clinicians
arefully aware of service user preferences
and circumstances (which may beelicited
viaa shared decision-making tool) and
continue to monitor these over time

That cliniciansare dert for any changing
circumstances during telemental health
whereaservice user doesnot feel comfort-
ableto spesk and make dternative arrange-
ments accordingly (eg, using text func-
tions on videoconferencing platforms or
arranging face-to-face appointments)

Making use of telemental health platforms
to strengthen liaison and collaboration
between teams and professionals on dif-
ferent sites (eg, through increased en-
hanced liaison between managers across
an organization) or provide better access
to arange of educationa events

Using telemental health platformsto facil-
itate multidisciplinary team meetings be-
tween staff on different sites (especialy
if some are working from home)
However, awareness is needed that per-
celved pressure for staff to provide an
immediate response may also negatively
affect their work-life balance

8CMO: context-mechanism-outcome.

Domain 3: Safety, Privacy, and Confidentiality

Table 3 presentsthe four overarching CM O configurations, key
contexts, and example strategies and solutions for the domain
of safety, privacy, and confidentiality. Key messages were the
importance of ensuring the availability of a private space for

https://www.i-jmr.org/2022/2/e38239
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both service users and clinicians (CMO 3.1), the potentia for
telemental health to provide privacy to some service users

experiencing stigma (CMO 3.2), theimportance of considering
how to manage risk when using telemental health and the limits
to how far thisis possible (CMO 3.3), and data security and
staff training (CMO 3.4).
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Table 3. Domain 3: Safety, privacy, and confidentiality.

Schlief et &

CMO2title References  Overarching CMO Key contexts Example strategies and solutions

CMO3.1:Lack [39,42,45  When accessing telemental Issuesrelated tolack of privacy «  Brainstorming with the service user whether

of privacy 48, 54, 55, health sessions without access  at home are especially relevant there are potential options for private places
58, 60, 77,  toaprivate spaceor securepri- for young people who are dis- or timeswhen privacy is more likely
79-82, 90, vate connection (context), ser-  tracted by their home environ- «  Offering face-to-face sessionswhen aprivate
91, 97,101, viceusersand steff areat an ment, may not feel safein their space is not available for telemental health,
102, 104, increased risk of being over- own home, or have siblings/par- especialy if thereis any possibility that the
111, 120, heard (mechanism 1), potential-  ents/other family members un- personisat risk from someonein their home
122-127] ly leading to breaches of priva-  expectedly appearing in the environment

CMO3.2: Priva-  [40, 43, 92,

cy, anonymity, 103, 105,
and reduced 128-131]
stigma (service

users)

cy and confidentiality (outcome
1), risk of harm to those in un-
safe domestic situations (out-
come 2), and reluctance to
speak openly about sensitive
topics (outcome 3). It may also
cause some service usersto ex-
perience frustration, distress,
and anxiety (mechanism 2),
leading to impacts on service
user engagement and interac-
tions (outcome 4) and reduced
willingness to use telemental
health and continue therapy
(outcome 5).

For some service userswho feel
stigmatized when attending a
mental health servicein person
and who have access to a pri-
vate and secure spaceto receive
therapy remotely (context), be-
ing provided with the option of
telemental health asan alterna-
tive meansthereisan option to
receive care with more
anonymity (mechanism), which
helps ensure their privacy and
safety (outcome 1), thereby in-
creasing the accessibility of
services (outcome 2).

room; parents with children at
home; those experiencing do-
mestic abuse who are not able
to be honest about symptoms,
risk, or violence experienced;
people who may be living
with/caring for extended family
or in households that are
crowded; inpatients who may
not have a space where they
feel psychologically safe; peo-
pleliving in houses of multiple
occupation; staff memberswho
arenot abletowork in aprivate
environment when providing
remote therapy; and service
users who experience cultura
stigmain the home from their
familiesrelating to their mental
health.

Some groups may be more
likely to feel thereisastigma
associated with attending men-
tal health premises or reluctant
to have contact with others do-
ing so, for example, young
peoplenot previously in contact
with services.

Regular, discreet checking that the service
user (and therapist) isin a private space (eg,
using the chat function in video calls) and
taking steps to provide alternative locations
if not

Being flexible regarding the time of appoint-
ments

Allowing people to turn off their camera or
use virtual or blurred backgrounds (as well
as ensuring that the option is available and
they are aware of how to do this)

Working with schoolsto provide safe spaces
away from home for children (although
young people may not want to alert teach-
ers/other pupils to their need for a space to
use for therapy)

Attention to clinicians’ access to a private
space and disclosure to service usersif they
are not in acompletely private environment
(eg, a shared office or a private home with
other family members on the premises)

Use of headsets with microphones

Offering telemental health (or home visits)
to avoid missed appointmentsto people who
arereluctant to attend mental health premises
because of perceived stigma or as they find
them intimidating
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CMOQqtitle

References

Overarching CMO

Key contexts

Example strategies and solutions

CM03.3: Man-
aging risk

CMO 3.4
Technological
support and in-
formation secu-
rity

[24, 43, 85,
01,111, 112,
119, 124,
132-136]

[85]

When services incorporate tai-
lored risk management proce-
duresin the delivery of remote
care (context), it encourages
consideration of the risks asso-
ciated with remote care specific
to each individual, including
the risk of self-harm or suicide
and risk from othersin situa-
tions of domestic abuse, and
ensures the staff are aware of
the procedures to try to assess
and respond to risk or safeguard-
ing concerns despite challenges
associated with remote care
(mechanism), which hasthe
potential to improve the safety
and well-being of service users
and others (outcome 1). Howev-
er, adisadvantage of telemental
hedlth isthat real-timerisk as-
sessment limits an immediate
response to be organized when
someoneisat imminent risk of
harm and some distance away
(outcome 2).

When services provide technol -
ogy support, software with ap-
propriate security, and devices
(including mobile phones and
headphones) to staff specifical-
ly for work use (context), it
helps ensure privacy and confi-
dentiality for both service users
and staff (outcome), as staff can
store information securely on
devicesthat are not shared with
others (mechanism 1) and are
ableto ensurethat service users
are aware of when they will
have access to their work de-
vices (mechanism 2).

This may be relevant to people
who are currently unwell or in
acrisis, situationswhere some-
one is remote from the assess-
ing clinician or at alocation
unknown to them, situations
wheretechnological difficulties
occur during an assessment of
someone who is at high risk,
people with eating disorders or
who are physicaly unwell and
wherethere are practical imped-
imentsto assessing risk remote-
ly, and when a service user
suddenly exitsduring atelemen-
tal health consultation and it is
not clear why. In substance
misuse services, it may be
harder to detect whether some-
oneis under the influence of
drugs or acohal.

This may be relevant in ser-
vices where staff share office
space and devices, or wherea
shortage of devicesmay lead to
the use of personal devices, for
example, for home working;
when balancing service user
preference with risk fromusing
less secure software or software
with which the staff arelessfa-
miliar; where software has a
particular set of settings that
must be enabled to ensure se-
cure, private connections.

Establishing a call back number before the
commencement of the session in the case of
disconnection when discussing distressing
or sensitive topics

Increased coordination with service
users/families to facilitate safe transport to
emergency departments if needed

Setting clear protocols regarding when staff
can be contacted viadigital means, including
who to contact instead in the case of an
emergency

Identification of where the service user is
located at the start of the session to enable a
faster response of in-person support if needed
Development of a“telehealth manua” con-
taining information on what to do in the
event of asudden ending of the call and who
to contact

Codevelopment of acrisis plan with the ser-
vice user

Offering 24/7 helplines and continued avail-
ability of face-to-face crisisresponse, includ-
ing capacity for home visits

Ensuring adequate device battery or connect-
ing to a charger at the start of the session to
reduce the risk of disconnection

Providing data safeguarding and other tech-
nology-based training to all staff (as knowl-
edge cannot be assumed)

Providing information on which software is
encrypted/secure

Providing funding to staff for the purchase
of equipment

Setting recommended boundaries for both
service usersand cliniciansin relation to the
privacy of personal life and maintaining a
work-life balance, for example, by not being
contacted outside working hours or using a
personal phone

8CMO: context-mechanism-outcome.

With the most supporting literature, CMO 3.1 highlights the
need for appropriate private space to receive telemental health
and that many service users may not have consistent access to
such a space. As a lack of privacy can risk breaches in
confidentiality and safety for some, a key message was that
alternatives such as face-to-face modalities or aternative
times/locationsto receive telemental health should be provided.
The importance of privacy for effective mental health care has
been frequently cited in the literature and is likely to be
especially important in ensuring high-quality telemental health
[91]. Although some literature indicated that some service users
feel an increased sense of privacy and a reduction in stigma
when not having to attend mental health clinicsin person (CMO
3.2), a key message lies in providing a choice so that each
individual can work with their clinicians to find ways of
receiving care that they are happy with, a message highlighted
in CM O configurations throughout this paper.
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CMO configurations in this domain also make it clear that
telemental health can result in greater risks, both directly as it
may be more difficult for clinicians to assess and respond to
risks (CMO 3.3) andindirectly if datasecurity isimpaired (CMO
3.4). In both cases, proactive stepsto assess and limit risk before
the use of telemental health, aswell as preplanned strategies to
respond to events that threaten safety, are important. Data
security knowledge should not be assumed, and training to help
staff keep service users' personal information secure will also
mitigate telemental health—specific risks. However, evidence
from both the literature and the stakehol der consultations made
it clear that it is difficult to fully overcome the obstacles to
effective risk assessment and management that result from staff
and service users being in different places, meaning that the
continuing availability of an in-person community crisis
response is also important.
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Domain 4: Therapeutic Quality and Relationships

Table 4 displays the overarching CMO configurations, key
contexts, strategies, and solutions for the fina domain of
therapeutic quality and relationships. Therapeutic relationships
have been identified as pivotal for the successful delivery of
telemental health across the literature and stakeholder
consultations. The domain addresses barriers (CMO 4.1 and
CMO 4.2) to and facilitators (CMO 4.3, CMO 4.4, CMO 4.5,
and CMO 4.6) to the devel opment of therapeutic relationships
and delivery of quality care and discusses the impact of
telemental health on staff well-being (CMO 4.7).

Trust and therapeutic relationships are important across health
care, and relational aspects of care are especialy crucial in
mental health [173-178]. However, the reliance on telemental
health platforms, particularly telephone and text-based
communication, may affect communication and subsequently
therapeutic relationships (CMO 4.1). Our CMO configurations,
particularly their mechanisms, wereinformed by general theories
regarding therole and devel opment of therapeutic relationships
in menta health care.

CMO 4.1. highlights that telemental health is likely to lead to
a change or reduction in visual and nonverbal cues, including
activelistening and back channels, facial expressions, gestures,
posture, and eye contact, which makes aspects of
communication, such as pauses, difficult to interpret. In addition,
timedelaysin video callsmay create silencesand lead to talking
over each other and delayed visual responses, which negatively
affect communication and nonverbal synchrony [179,180]. As
a result, not only therapeutic relationships but also the staff’s
ability to conduct accurate assessments are compromised (CMO
4.1 and CMO 4.2). However, conversely, good quality video
contacts with well-trained clinicians may mitigate some of the
therapeutic challengeswhen delivering telemental health. Those

https://www.i-jmr.org/2022/2/e38239
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making first contact with mental health services appear to be
particularly affected by the potentially impersonal nature of
telemental health and thus benefit not only from an initia
face-to-face session but also from more frequent subsequent
telemental health sessionsto establish stability and trust (CMO
4.1 and CMO 4.5). In addition, our findings indicate that staff
confidence and ahility to deliver good quality care and develop
therapeutic relationships via telemental health can be fostered
through training sessions provided by services (CMO 4.3).

The literature and stakeholder consultations identified no
telemental health modality that is consistently superior for
developing therapeutic rel ationships (CMO 4.4). Rather, whether
telephone calls, video calls, or face-to-face meetings are most
appropriate seemsto depend on the purpose of the sessionsand
on an individua’s preferences based on their personal
experiences and circumstances and whether they are new to the
service, as well asthe nature of their mental or physical health
problems. Video calls seem to be preferred for more substantial
and in-depth sessions than other telemental health modalities
[24]. Providing service users with choice regarding the
frequency, duration, and telemental health modality is crucia
for therapeutic relationships and quality of care.

Degpiteitslimitations, flexible use of different telemental health
modalities can provide significant opportunities to foster
therapeutic relationships and increase the quality of care, such
as checking in, sending reminders via SM S text messages, and
using features such as chat functions to increase engagement
among service users (CMO 4.6).

Finally, taking breaks in between telemental health sessions
and fostering positive telemental health working environments
iskey for staff well-being and the delivery of high-quality care
(CMO 4.7).
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Table 4. Domain 4: Therapeutic quality and relationship.

Schlief et &

CMQ?qtitle

Ref-
er-
ences

Overarching CMO

Key contexts

Example strategies and solutions

CMO 4.1
Changein
nonverbal
cues and
informal
chat, affect-
ing the
therapeutic
relation-
ship

CM0O 4.2:
Assess
ment via
telemental
health ver-
susface-to-
face (staff)

[12,
19,
24,
36,
37,
40,
45,
49,
54,
55,
60,
67,
76,
77,
79,
81,
02,
9,
1083,
137-
142]

[40,
82,
92,
111,
121,
133,
137,
138,
143-
145]

When switching from face-to-faceto tele-
mental health care (context), staff and
some service users perceived the relation-
ship between staff and service users (and
other service user group members) to be
negatively affected or found it more diffi-
cult to develop atherapeutic relationship
(outcome 1) and, thus, were less willing
to take up or use telemental health (out-
come 2), more likely to be dissatisfied
(outcome 3), and viewed care asless effec-
tive compared with previously received
face-to-face care (outcome 4). Thiswas
because they perceived telemental health
to be impersonal and found it more diffi-
cult to discuss personal information be-
cause of alack of nonverbal feedback, eye
contact, and social cues, aswell asinfor-
mal chat before, after, and during sessions
(mechanism).

When using telemental health for assess-
ments (context), staff report finding it
more difficult to assess mental health
problems, care needs, and risk, and make
diagnoses (outcome), asthey arelessable
to observe nonverbal and visual cues (de-
pending on the telemental health modality
used), and some service users may find it
more difficult to have in-depth conversa-
tions about their problems and experiences
(mechanism).

This may be relevant during rapid
switches to telemental health be-
cause of emergency situationssuch
asthe COVID-19 pandemicin
which staff training and structured
telemental health implementation
are limited because of time con-
straints; for staff with limited
training and experience generally
and those with limited experience
of using telemental health specifi-
cally, who may lack the confi-
dence to navigate the changein
visua cues, which, inturn, can af-
fect the therapeutic relationship;
for staff and service userswho are
new to a specific service,
staff/service user, or to mental
health care generaly; for service
users who are apprehensive of
technology use or who are con-
cerned about the violation of their
privacy; and in telemental health
group sessions in which the flow
of conversation is affected or peo-
plefinditlesseasy to establish re-
lationships and be at ease with the
whole group.

Cues can include extrapyramidal
symptoms from antipsychotics,
hygiene, gait, direct eye contact,
mannerism, and linguistic nuances.
Conducting assessments might be
particularly difficult over the
phone because of thelack of visual
cues; with service userswho expe-
rience domestic violence and
abuse and thus cannot be honest
about their well-being and current
situation in the presence of their
abuser; with young children; with
service users who find it difficult
to speak directly about their diffi-
culties and experiences; and when
the staff make incorrect assump-
tions about service users' mental
states based on behavioral indica-
tors and without considering ser-
vice user reports, especially of
neurodivergent service users.

Offering new service users the option to
receive their first appointment face-to-face
when starting telemental health, depending
on their preference

Under pandemic conditions, exploring
whether service users prefer telemental
health sessions over face-to-face sessions,
which require wearing masks

Checking in with service users about their
experiences and preferencesregularly while
trying to use a particular telemental health
platform consistently

Allocating additional time to address ser-
vice user concerns about technology use
and privacy

Using high-quality equipment and ensuring
good camera placement during video calls
Making greater efforts to communicate
clearly, enhance gestures, and provide ver-
bal and nonverbal reinforcement, such as
active listening and backchanneling (ie,
nonverbal or verbal responses)

Focusing on service user—centered commu-
nication, such as being reassuring and sup-
portive

Taking more time to informally chat and
get to know new service users one-to-one
when delivering theinitial appointment via
telemental health

Providing training to staff to increase their
comfort with technology and training to
interpret social cueswhen using telemental
health

Providing reassurance to staff that service
usersoften perceive thetherapeutic relation-
ship to beless affected by telemental health
than staff believe

Facilitating relationships between service
user group members by keeping the video
call open after the main session to allow
follow-up conversations

Offering service usersthe option to receive
face-to-face care for first assessments and
in crisis situations

Taking both service user reports and non-
verbal and visual cuesinto account for as-
sessments

Offering service users experiencing domes-
tic violence and abuse the option to use
text-based communication in addition to
face-to-face care or other telemental health
modalities to avoid being overheard
Providing training to staff in conducting
assessments using telemental health
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CMOQqtitle

Ref-  Overarching CMO
a’-
ences

Key contexts

Example strategies and solutions

CMO4.3:
Saff sup-
port and
training

[49, When staff receive specific instructions
63, andtraining, for example, on how to build
102, rapport using telemental health and sup-
146]  port from colleagueswith prior telemental
health experience (context), it facilitates
quality of care (outcome 1), building
therapeutic relationships (outcome 2), and
increased engagement (outcome 3), as
staff are able to ask questions and acquire
new skills and knowledge about the inter-
ventions and thus build confidence in de-
livering telemental health (mechanism).

Thisislikely to be especialy rele-
vant to staff who have little or no
previous experience of delivering
telemental health.

CMO 4.4: Service userswho find it easier to establish a therapeutic relationship

Offering staff training on aspects of good
care that go beyond technical skillsand is-
sues

Staff training should ideally be co-designed
and codelivered with service users
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Overarching CMO

Key contexts

Example strategies and solutions

CMO?title Ref-
a’.
ences

Onthe [39,
web 60,
79,
96,
99,
119,
136,
137,
147,
148]
Via  [24,
video 36,
versus 50,
phone 52,
55,
78,
105]
Via [50,
the 65,
phone 80,
versus 111]
face-
to-face
or
video
cals

CMO 4.5  [39,

Morefre- 40,

quent tele- 99,

mental 104,

hedlthsess 149

sions plus

SMStext

messages

CMO4.6: [24,

Enhancing 74,

the quality 101,

of care 1B

through the

use of tele-

mental

health en-

hance-

ments

When delivering telemental health to some
services users who feel uncomfortablein
clinical settings and social situations
(context), these service usersfind it easier
to build atherapeutic relationship and are
more willing to use telemental health
(outcome), asthey feel safer, are morere-
laxed and less anxious being in their own
environment or outside of clinical settings
and in-person socidl situations, or both,
and, thus, feel more empowered and
comfortable to open up and speak freely
(mechanism).

When service users and staff who prefer
video callsuse them (instead of telephone
calls or text-based chats) for telemental
health (context), it can facilitate a stronger
therapeutic relationship (outcome 1), sat-
isfaction (outcome 2), and engagement
(outcome 3), asit is easier to see visual
and nonverbal cues, gauge the therapist’s
reaction, and connect with the service us-
er/staff member than with other telemental
health modalities (mechanism).

When services offer phone callsand SMS
text messagesinstead of video calls (con-
text), some service usersare more satisfied
with their care (outcome) as they do not
have to sit still and see themselves on
screen, are less conscious of their body
language and facial gestures, are lessdis-
tracted by the clinician’s nonverbal cues,
are able to move around freely, and are
thus less inhibited and able to open up
more quickly (mechanism).

When services adapt flexibly to service
users' preferences regarding the pattern
and frequency of telemental health ses-
sions, including offering more frequent,
shorter rather than infrequent, long ses-
sions, and additional asynchronous SMS
text messages and calls to check in be-
tween sessions (context), it may lead to
stronger therapeutic relationships (out-
come 1), increased engagement (outcome
2), and improved quality of care (outcome
3), as service users receive regular and
more frequent support depending on their
preference (mechanism).

This may be especially relevant
for some children and young peo-
ple, including those with special
needs and neurodivergent children,
who find clinical settingsand hav-
ing to travel upsetting, and some
service users with social anxiety.
However, itisimportant that using
telemental health does not rein-
force potentially detrimental safety
behaviors that may maintain and
potentially exacerbate their social
anxiety.

Thisappliesto service usersacross
age groups and may be especially
the case for new service users.

This might be especialy relevant
for service userswho are neurodi-
vergent, socially anxious, and self-
conscious about their appearance.

Lack of aneed to travel meansthat
more frequent shorter sessions
may be particularly feasible with
telemental health: they are poten-
tially lesstiring and thus might
better maintain concentration and
engagement, especialy for chil-
dren. Frequent sessionsmight help
new service usersto build trust and
reduce anxiety around the treat-
ment. Frequent sessions may & so
help support and monitor less sta-
ble service users, for example,
following acrisis.

Additional telemental health fea-
tures might be particularly helpful
for young children (who overall
find it difficult to engage on the
web). Adolescentswho experience
social anxiety or are autistic may
benefit from and prefer the chat
function.

Offering service usersthe option of receiv-
ing care by telemental health rather than
face-to-face, especialy if they neither wish
to attend clinical settings nor to be visited
by professionals at home

Encouraging clinicians to offer video calls
rather than relying on phone callsand SMS
text messaging and providing the relevant

infrastructure and guidance to support this

Informing service users about the option to
turn off their camera during video calls or
using the phone if they are uncomfortable
Offering a telephone call or text service
instead, if the service user prefersthis

Considering offering shorter and morefre-
guent sessions when telemental healthisa
primary modality for delivering care

Using SM Stext messaging (including apps)
to maintain communication in aflexible
way between appointments, especially for
younger people for whom this may be a
preferred method of communication
Using screen sharing to facilitate psychoe-
ducation or working together on assessment
or therapeutic tools

Using telemental health sessions to intro-
duce apps and websites that support self-
management or therapy or to collaborative-
ly complete measures and questionnaires
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Ref-  Overarching CMO
a’-
ences

CMOQqtitle

Key contexts

Example strategies and solutions

When clinicians make appropriate and
personalized use of enhancements and
extensions of telemental health (such as
using chat, voice activation to instruct
phones, SM S text messaging and other
text-based messaging, web-based appoint-
ment schedules, screen sharing, and apps
accessed during sessions; context); it can
lead to success engaging in telemental
health (outcome 1) and broadening the
range of strategies and interventions
available during clinical meetings (out-
come 2), as these features make engaging
with services easier and provide afunction-
a method useful for exchanging practical
information, such as reminding service
users about the date and purpose of an
appointment, with lessroom for ambiguity
and more creative methods of engagement
(mechanism).

CMO4.7: [BR3
Saff well- 80,
beingand 88,
quality of 91,
care 101,
107,
112,
153]

When the staff use the time saved on
travel to take bresksin between telemental
health sessions (context), it may increase
staff well-being (outcome 1) and improve
quality of care (outcome 2), asit provides
the opportunity to reflect and recharge af-
ter telemental health sessions, which are
often experienced astiring and thus re-
ducesfatigue, tension, and anxiety among
staff (mechanism 1), and staff can use
some of the time on clinical work, catch
up on administrative tasks, or engage in
professional developmental activities
(mechanism 2).

Thismay berelevant for clinicians »
who can work wholly or partly at
home and teams working across
different sites or who visit service
users at home or in other commu-
nity settings.

Supporting cliniciansin planning their time

so that they can work from home and save

travel time on some days

Considering appointing some interested

professionalsto fully remoterolesinwhich

they can develop skills and make efficient

use of time

«  Ensuring that when time is saved because
travel is not needed, clinicians still have
suitable breaks between on-screen appoint-
ments and are able to dedicate some of the
time saved to their own professional devel-
opment

o  Fostering aworking culture in which staff

are encouraged to take breaks between

telemental health sessions to reflect and

recharge

8CMO: context-mechanism-outcome.

Discussion

Principal Findings

Our RRR identified CMO configurations within four key
domains, each with arange of practical implications regarding
what works and for whom in telemental health: connecting
effectively; flexibility and personalization; safety, privacy, and
confidentiality; and therapeutic quality and relationship.
Potentially, the most important finding of thisrealist review is
the significance of personal choice and that one size does not
fit all for telemental health. This includes choice of modality
(eg, video, telephone, and text-based chat functions), platform,
frequency or duration of sessions, and the option to revert to
face-to-face sessionsif preferred or required by the service user
based on their current context or to vary modality from contact
to contact. This review has highlighted that there are many
contexts where face-to-face care is preferred or needed by
service users, and this should be accessible and available to
them and should be of equivalent timeliness to remote care
(especially when delivered as part of routine care rather than as

https://www.i-jmr.org/2022/2/e38239

a response to a national emergency). However, the use of
telemental health is a convenient and potentially advantageous
option for some people in many contexts; thus, it is beneficial
for mental health clinicians to have the skills and resources to
offer telemental health asan option. When service users' choices
about what works for them are respected and decisions about
care planning are made collaboratively, it is likely to be
conducive to a stronger therapeutic relationship where the
service user feels heard and respected [178].

Access to adevice with a stable internet connection, aswell as
the confidence and ability to use a device to access telemental
health, were identified as minimum regquirements for both staff
and service users to access telemental health, without which
face-to-face appointmentswoul d be necessary. Thedevicesand
platforms used for delivering telemental health needed to be
user-friendly [163,164], and preferably familiar, to easily
facilitate sessions. Telemental health seemed to reduce some
barriersto receiving mental health support experienced by some
service users, such as those who were unable to travel or in
inpatient wards, making it an acceptable alternative to
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face-to-face onsfor some people under these circumstances.
It may also potentially allow service users greater access to
out-of -area specialist services and support that is focused on
specific groups (eg, cultural or lesbian, gay, bisexua,
transgender, and queer groups). Issues of privacy, including
data protection and confidentiality, or staff and service user
access to a private space were emphasized throughout the
literature and our consultations, this is likely to
disproportionately affect disadvantaged groups of service users,
such as those experiencing poverty, those in multi-occupancy
households, children and young people, or people living with
controlling or abusive partners or other family members. Already
disadvantaged groups are similarly at particularly high risk of
inequalities being exacerbated through digital exclusion. The
“inverse digital care law,” stating that the use of digital
technologies can make health inequalities worse [154], may
well apply to the widespread implementation of telemental
health [16]. Service planning and delivery must be based on a
strong awareness of these risks and the need to overcome these
barriers. There is also a duty to ensure that in-person care of
equivalent quality remains readily available.

Theimpact on therapeutic rel ationshipsfor both staff and service
users has also been highlighted, with difficulties interpreting
visual or nonverbal cuesbeing cited as a barrier to establishing
a good therapeutic relationship that enables service users to
disclose sensitive information and staff are ableto conduct valid
clinical assessments. Adapting to service user preferences
flexibly and giving weight to self-reports during assessments
is likely to increase the quality of care and foster strong
therapeutic relationships.

Strengths and Limitations

The use of the RRR methodology to rapidly establish a set of
theories about what works, for whom, and in which
circumstances in telemental health has severa strengths. The
breadth of screened written evidence extends beyond published
academic literature to nonacademic (including policy, third
sector, and lived experience) sources. The targeted call for
evidence sent directly to expert stakeholders from research,
policy, and clinical settings (nationally and internationally), the
voluntary sector, lived experience groups, minority groups, and
representatives from health tech initiativesidentified resources
that would otherwise have been missed. Through these
procedures, we rapidly identified literature from a wide range
of key perspectives to contribute to the development of the
CMO configurations.

The analysis process was rigorous and valued both published
literature and stakeholder views, with the use of rapid realist
methods allowing a range of stakeholder perspectives to be
incorporated beyond what is normally possiblein reviews. Our
expert reference group (including clinical, academic, and lived
experience experts) fed into the review process and theory
development throughout, iteratively reviewing the plausibility,
relevance, and usefulness of our individual and overarching
CMO configurations. A wider group of expert stakeholders
provided further input to identifying sources and reviewing
overarching CMO configurations, especialy regarding our
priority groups. children and young people, users of inpatient
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and crisis care services, and digitaly excluded populations.
Continuous detailed feedback from the lived experience
researchers and frontline clinicians hel ped to reduce biastoward
academic perspectives; ensured the inclusion of a breadth of
real-life experiences; and supported the iterative development
of our methods, results, and interpretation of the findings.

A final key benefit of the RRR methodology is that we could
rapidly investigate not only outcomes of telemental health use
but also the mechanisms underlying what works and for whom,
which most methodol ogies do not allow. We could also explore
the contexts in which telemental health was implemented, as
well as the telemental health resources that are available. This
approach should be considered for future evaluation of
telemental health.

Some limitations should be noted. The first relates to
generalizations made in the process of developing overarching
CMO configurations. Thesetended to combine underlying CMO
configurations that related to a range of service user and
clinician groups, service settings and types, and social and
national contexts. Welooked for important themesthat appeared
of general relevance and were validated through stakeholder
consultation. However, it islikely that in some areas, we lost a
more nuanced understanding of the relationship between
particular CM O configurationsand particular contexts. We al so
used a broad definition of telemental health to capture as much
richness (and data) as possible from the available sources.
However, we have merged heterogeneous forms of telemental
health within most of our overarching CMO configurations,
which may differ in their effectiveness and underlying
mechanisms. Therefore, the conclusions are limited regarding
mechanisms; outcomes for specific types of telemental health;
and the impact on service users, staff, and carers. We aso
included literature that draws on the experiences of service users
and clinicians both before and during the pandemic. However,
technologies and approaches to implementation have changed
substantially, with prepandemic evidence tending to focus on
the planned and relatively small-scale implementation of tools
specifically designed for mental health. Studies from the
pandemic tend to relate to a range of phone and video call
technologies implemented at scale with limited strategic
planning. During the pandemic, staff and service users may also
have been more willing to trial telemental health, given the
extraordinary circumstances. The available technologies, and
clinicians' and service users skillsin applying them, are also
likely to have changed over time and are likely to continue to
change.

The nature and strength of evidence drawn on for the review
also need to be noted. Most sources were qualitative studies,
service evaluations, or cross-sectional studies of associations;
we found few relevant trials or longitudinal studies. We tried
to maximize the value of this body of evidence by combining
findings from multiple studies with expert stakeholder input to
obtain theories with multiple sources of support about what
works and for whom, illustrating them with example contexts
and strategies. However, the lack of testing through traditionally
robust methods in testing intervention strategies, such astrials
and other longitudinal forms of evaluation, still needs to be
noted, as discussed further in the Implications for Research
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section. In line with realist methodology [27,29], we did not
appraise the sources we identified using traditional methods.
However, sourceswereonly included if they provided sufficient
information on context, mechanism, and outcomes and
contributed to the development of our overarching CMO
configurations. Our extracted data were reviewed for their
validity and coherence by our expert reference group.

Despitetheinclusive search strategy and specific effortsto gain
awide range of perspectives, digitally excluded groups remain
underrepresented in this study. Thisis partly because of thelack
of literature focused on digital exclusion and the web-based
methods used to conduct our review during the COVID-19
pandemic. Efforts were made to gain perspectives on digitally
excluded groups by involving charities and staff and service
user advocates working with people in such groups, including
in projects aimed at addressing digital exclusion, in our
stakeholder consultation. However, people experiencing severe
digital exclusion did not participate in our web-based
consultations, and the extent to which others can advocate for
them is limited. Similarly, this study identified a lack of
evidence in the literature about how to make telemental health
engaging and effective for young children, nor were we ableto
find many people with relevant expertise to participate in our
consultations. Data were also limited on group therapy and the
role or experiences of families and other supporters of service
users. Most available literature focused exclusively on staff
perspectives of telemental health and crucially neglected to
include the views or experiences of service users and their
families or other supporters. Therefore, we were unable to
incorporate these groups and their perspectivesin our analysis
and synthesis.

This study was initialy planned and commissioned through
discussions between policy makersin the Department of Health
and Social Care and the MHPRU leads; lived experience
researchers did not have the opportunity to contribute during
the early stages of formulating research questions and
identifying the methodology to be used.

Implications

Implications for Clinical Practice

A rangeof implicationsfor clinical practice and service planning
can be drawn from our CMO configurations. The challenge for
thefuturewill beto find sustainable ways of implementing them
in clinical practice and finding an appropriate balance between
telemental health and traditional face-to-face care in future
service delivery. In the context of a recent emergency (the
COVID-19 pandemic), telemental health has been used with
some degree of successto maintain carefor at least some service
users. Evidence and experiences from this widespread
emergency implementation are helpful, both to inform future
responses to such emergencies and allow a preliminary
assessment of potential  opportunities and pitfals in
implementing telemental health beyond an emergency context.

Some clear principlesto guide practice emerge from our CMO
configurations. Offering choice, planning care collaboratively,
and listening to personal preferences regarding whether to use
telemental health need to be embedded within servicesin which
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thereis continuous use of telemental health aswe movethrough
and out of the COV1D-19 pandemic. How choiceis negotiated,
enabled, and communicated is crucia. For choice to be real,
options need to be clearly explained and discussed at every
stage; face-to-face care of equal quality should be delivered as
promptly as telemental health; and choice should be seen as
dynamic, especially when aservice user isin crisis. Preferences
should be reconfirmed regularly and hybrid forms of care made
availableif appropriate. Choices may aso be different after the
COVID-19 pandemic, when the risk of infection traveling to
and at appointments may no longer be a concern and
consultations are no longer masked; mask-wearing at most
face-to-face appointments during the pandemic may undermine
some advantages of in-person care. Ideally, service user and
clinician choices and resources should be balanced through
shared decision-making. Use of telemental health cannot be
assumed to be a permanent switch; thus, preferences should be
revisited regularly. In planning services, it may be easier to
switch from in-person appointments to digital appointments
than vice versa, and this needs to be considered in staffing and
working space arrangements. Traditional inpatient and
community services are limited in their ability to collaborate
and provide choice in their established processes, such as care
planning and risk assessment or management [177,178,181-183].
Therefore, it may be unrealistic to expect improvementsin these
areas when delivering telemental health.

Lack of access to digital devices or data, or of expertise in
connecting to telemental health services, is a problem that
service providers may be able to address for some people. For
exampl e, opportunitiesto devel op skillsand clear guidance and
opportunitiesto practice may berelatively straightforward ways
of aleviating problems with connecting effectively for some
people who may find telemental health a convenient way of
receiving careif they are supported to engage. At best, obtaining
access to telemental health may be a skill acquired along with
developing the skills to access a variety of other significant
parts of the digital world. In other instances, clinicians and
service providers should be aware that digital exclusion tends
to be rooted in other forms of disadvantage and that they can
most readily avoid exacerbating such disadvantages by offering
face-to-face care. Persevering with telemental health when
service users do not want to receive care by thismeans and are
not in the habit of using digital technologies may prove futile
in everyday clinical care. Thereis also likely to be scope for
improving the extent to which service providers have the
capacity to connect effectively, for example, through better
infrastructure, clear guidance and training for staff, and clarity
and flexibility regarding platforms.

Developing atherapeutic relationship is key for the quality and
success of care, and offering initial appointments face-to-face
may facilitate this, subject to service user choice. In addition,
services and staff may need to consider how to adapt telemental
health care to account for the change in visua cues, including
body language and facial expressions (although visual cuesin
face-to-face sessions may, in any case, be compromised while
infection control considerations mean most sessions are
masked).
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In addition, the domain of privacy, safety, and confidentiality
has implications for clinical practice. Clinician awareness of
potential risks associated with using telemental health is
important and may steer them away from conducting some
consultations in this way. Maintaining privacy and safety, for
example, for people at risk within their homes, is also a
significant reason to prioritize service user choice, especialy
choices not to accept telemental health appointments, as they
may not readily be able to explain the basis for their choice.
Clinicians need also to be aware of the challenges of assessing
and responding to risk when using telemental health, including
the advantages of face-to-face meetings; the need to give weight
to service user reports where visual or verbal cues may be
obscured; and the importance of backup plans, such as for
disconnection or when an urgent responseis needed. Clinicians
and care coordinators could also helpfully ensure that service
users have access to and can use telemental health care
adequately before the agreed web-based onsbegin, athough
this may be affected by staffing issues and limited resources
[184,185].

Implications for Policy

Digital poverty does not exist in isolation, and the experience
of poverty may be the root cause of their digital exclusion.
Providing service users with access to devices and theinternet,
for example, serves as an adequate short-term fix but does not
addressthe systemic welfare i ssues experienced by many service
users[186]. Strategiesto mitigate digital exclusion could include
the provision of good national Wi-Fi coverage, free broadband
[187], and investment in accessible and connected community
hubs, implementing these would require action from the
government rather than health services.

Telemental health services seem to be a viable aternative to
face-to-face care for some service users, including in emergency
situations, such as COVID-19. To provide good telemental
health services, investment isneeded, for example, in providing
telemental health—specific training and guidance, high-quality
infrastructure, and potentially technological devicesto staff and
service users. Preregistration education and training should
include skillsin telemental health. Further investment islikely
to be needed in updating this as evidence and technologies
change (eg, to cover the ongoing costs of keeping hardware and
software up to date). This may need to be balanced against any
savings anticipated from implementing telemental health. This
study has also highlighted the importance of service user and
frontline staff involvement in the planning of all telemental
health services and provision.

Implications for Research

Much of the included research was based on explorations of
views and experiences of people participating in telemental
health in various settings. We found few studies involving
systematic evaluation of planned strategies to achieve
high-quality implementation of telemental health in routine
settings. Primary studies of this form would be vauable,
potentially using implementation research and participatory
action research model s to explore outcomes and experiences of
strategies aimed at good quality implementation of telemental
health in varying real-world settings during and after the
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pandemic. Our CMO configurations have the potential toinform
such a primary research study: it would be helpful to develop
and test coproduced strategies for implementing principles
encapsulated in the CM O configurationsin real -world settings.
Similarly, our understanding of what works and for whom in
telemental health would be improved by conducting primary
research with specific groups, particularly those excluded from
previous studies, such as digitally excluded groups or peer
support networks, and in specific contexts, such as in group
therapy sessions. ldentifying methods of reaching digitally
excluded populationsin research studies, aswell asidentifying
groups for whom telemental health is not appropriate, would
be helpful. This is likely to be labor and time intensive and
needs appropriate funding. Future research could also usefully
explore the use of different telemental health modalities
individually and in more depth.

Choice has been emphasized as crucial in the use of telemental
health. The mechanisms behind choices and collaborative
decision-making would benefit from further investigation,
potentially using realist methods and drawing on principles
from shared decision-making research. Investigation is
warranted of the best approaches to providing the information
needed to make an informed choice, holding collaborative
discussions on how to personalize care for each individual, and
providing staff and service users with guidance and training
needed to participate effectively in telemental health. At a
provider level, evidence is needed on what makes a good
telemental health platform, how to balance data security with
the flexibility that service users and clinicians may value in
choosing platformsand using familiar toolsif possible, and how
to adapt risk management to a telemental health context.
However, trusts may compromise their ability to offer choice
and flexibility to service users when they specify the platforms
that can and cannot be used to deliver telemental health services
(although this may have advantages, including increasing staff
familiarity). Future work could helpfully investigate whether
certain combinations of features, platforms, or modalities are
optimal for service users, their carers, and clinicians.

Researchers conducting eval uations of telemental health should
consider that satisfaction tends to be evaluated as one
component. However, satisfaction with telemental health
comprises several components that need to be individually
considered. For example, the skills of therapists may be rated
highly, whereas telemental health platforms themselves may
cause significant frustration and, if they were scored separately,
would be poorly rated. Therefore, telemental health needsto be
evaluated as several elements rather than as a singularity.

The impact of telemental health delivery on staff is a further
key area of investigation. Some staff in research studiesand in
our stakeholder consultations reported finding prolonged screen
use draining and perceived it as a contributor to burnout. The
impact of telemental health on staff and ways of ensuring that
it does not increase burnout or physical or psychological stress
requiresinvestigation. It may be pertinent to investigate whether
services function better, and staff and service users are more
satisfied, when certain staff becometelemental health specialists,
as opposed to asking all users to engage with it for some
appointments.
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A final key consideration is that any future research into
telemental health should include lived experience knowledge,
expertise, and views, including those from digitally excluded
groups. Working remotely as a research team can facilitate the
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the exclusion of already marginalized groups, such asdigitally
excluded people. Thereisaneed to fund research designed and
led by people with lived experience of mental health service
use.

inclusion of arange of key stakeholders who might otherwise
not be able to attend face-to-face meetings, promote ongoing
communication, and simplify the coordination of tasks.
However, similarly to telemental health care, it can also lead to

Lived Experience Commentary

The lived experience commentary written by KM, RRO, and
PSis shown in Textbox 1.

Textbox 1. Lived experience commentary.

Commentary

We welcome the question “what works for whom, in what circumstances, and how?’ At its heart, arealist review understands that each person has
different needs from services, including telemental health services. The challengeis the reliance on existing knowledge and the potential to overlook
gaps, especialy where the world has changed rapidly because of the COVID-19 pandemic.

The digital methods used to consult a wider audience also further marginalize everyone who does not have, or want, such access. Including people
who do not use telemental health would produce different research questions and answers. Similarly, including technology experts might provide
some reassurance, for example, about regulation, risk, and ethics raised by practices such as the recent sharing of free text datafrom a UK crisistext
line with third-party researchers to develop artificial intelligence—driven tools[188].

Digital technology hasincreased restrictive practicein mental health viasurveillance [189], sometimes based on poor-quality research conducted with
financial incentives from manufacturers[190]. Health data have been shared with policein programs such as Serenity Integrated Mentoring on shaky
legal and ethical grounds [191]. Although these are not telemental health per se, they provide a context. In that context, we would have liked the
question “What works for whom?’ to consider political and financial interests.

This study’s methods encouraged a discussion of choice, personalization, and flexibility, which we welcome. We highlight two reflections.

First, choiceis not only about preferring one option over another: it can belife or death. Within mental health, service users are often expected to bare
our soulsto get our choices respected. With telemental health, thisis dangerous. If the criteriafor accessing aface-to-face service are harm-based, we
might be forced to put ourselves at risk to obtain what we need. When someone is being abused by their partner, they may need face-to-face services
but not explain why at afirst assessment. We must be taken at our word without being required to explain ourselves to clinicians who have not yet
earned our trust.

Second, choiceislimited by the available options, which are constrained by material circumstances and power. Service users generally have relatively
little power in their relationships with an overstretched system. If a wheelchair user’s choice is to travel to a building with an unreliable lift versus
telemental health, it is not a meaningful choice. If you have to wait 6 months for a face-to-face appointment but you can have telemental health the
next week, it isnot ameaningful choice. If you cannot afford to connect to the internet, you do not have ameaningful choice. The option of telemental
health must not become an excuse to allow face-to-face services to become harder to access.

Many of the actions for telemental health implementation are specific applications of general principles of good care: informed consent to make
meaningful choices; clarity about the use of our health data, breeding trust; and understanding and responding to the contexts in which we live our
lives.

Within such contexts, we welcome a focus on digital poverty as poverty. The policy solutions to poverty lie well beyond mental health—a broader
overhaul of the punitive welfare system and a society in which workers are empowered to negotiate livable wages.
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Abstract

Background: Quality assessment in health careisaprocess of planned activitieswith the ultimate goal of achieving acontinuous
improvement of medical care through the evaluation of structure, process, and outcome measures. Physicians and health care
specialistsinvolved with quality issues are faced with an enormous and nearly always increasing amount of literature to read and
integrate. Nevertheless, the novelty and quality of these articles (in terms of evidence-based medicine) has not been systematically
assessed and described.

Objective: The objective of this study was to test the hypothesis that the number of high-evidence journal articles (according
to the pyramid of evidence), such as randomized control trials, systematic reviews, and ultimately, practice guidelines, increases
over time, relative to lower-evidence journal articles, such as editorials, reviews, and letters to the editors.

Methods: We used PubMed database to retrieve relevant articles published during the 31-year period between January 1, 1989,
and December 31, 2021. The search was conducted in April 2022. We used the keywords “quality care,” “quality management,”
“quality indicators,” and “quality improvement” and limited the search fields to title and abstract in order to limit our search
results to articles nearly exclusively related to health care quality.

Results: During this31-year evaluation period, there was asignificant cubic increasein thetotal number of publications, reviews,
clinical trials (peaking in 2017, with a sharp decline until 2021), controlled trials (peaking in 2016, with a sharp drop until 2021),
randomized controlled trials (peaking in 2017, with a sharp drop until 2021), systematic reviews (nearly nonexistent in the 1980s
through 1990sto apeak of 222 in 2021), and meta-analyses (from nearly nonein the 1980s through 1990sto a peak of approximately
40 per year in 2020). There was a linear increase in practice guidelines from none during 1989-1991 to approximately 25 per
year during 2019-2021, including a cubic increase in editorials, peaking in 2021 at 125 per year, and in letters to the editor,
peaking at 50-78 per year in the last 4 years (ie, 2018-2021).

Conclusions: Over the past 31 years, thefield of quality in health care has seen asignificant yearly increase of published original
studies with a relative stagnation since 2015. We suggest that contributors to this dynamic field of research should focus on
producing more evidence-based publications and guidelines.

(Interact J Med Res 2022;11(2):€31055) doi:10.2196/31055

KEYWORDS
health quality; publication; medline; quality assessmnet; healthcare quality

improvement of medical carethrough the evaluation of structure,
process, and outcome measures [1-4].

Overview Practicing physicians and health care administrators dealing

Quality assessment in health care is a process of planned Withquality issuesfaceaformidable challengein following the
activities with the ultimate goal of achieving a continuous —developments of their fields of expertise, especially in view of
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the ever-increasing number of medical publications [5]. The
number of medical journals have increased over the years and
internet makes them readily accessible [5]. Several effective
engines allow rapid searches for medical articles. The National
library of Medicine offers PubMed as a free service. PubMed
classifies publications by type, including clinical trias,
editorials, letters, systematic reviews, meta-analyses, practice
guidelines, randomized controlled trials, and reviews, among
others. This classification is particularly important for
researchers, asit providesthe reader with somekind of ‘ quality’
assessment  in teems  of evidence-based medicine.
Evidence-based medicine classifies article as a pyramid that
has articles of the lowest level of evidence (eg, expert opinions
or background information) at its basis, and at its top, it has
articles with the highest level of evidence (ie, systematic
reviews) [6]. This pyramid is modified from time to time, as
many suggestions are offered in order to improveit [7].

The number of publications in the field of health care quality
predictably increases over time, in view of the constantly
increasing number of journals, researchers, funding, the
appearance of open access publications, and the technologic
improvements in publication procedures and speed. It is
important, however, to verify whether the quality of articles
published in this field of medicine improves over time, as
compared to their quantity. Physiciansand health care specialists
involved with quality issues are faced with an enormous and
nearly always increasing amount of literature to read and
integrate, but it is not clear whether the quality of these articles
has also increased. To the best of our knowledge, novelty and
quality of these articles (in terms of evidence-based medicine)
has not been systematically assessed and described, and the
objective of our systematic review of articles published in this
field of medicine was to fill this gap. We, therefore, aimed to
verify the hypothesisthat there is arelative significant increase
in the number of high-evidence journal articles, such as
randomized control trials, systematic reviews, and ultimately,
practice guidelines, in particular, as compared with
‘lower-quality’ (in terms of evidence-based classification)
articles.

Methods

Digital Database

We used PubMed [8] to retrieve relevant articles published
between January 1, 1989, and December 31, 2021. We followed
the PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) requirements for a systematic literature
review [9]. The search was conducted in April 2022. We focused
onthefield of health care quality in amanner similar to previous
studies performed by us [10]. In order to do so, we attempted
to retrieve as many hedth care quality—related articles as
possible. We did not use additional databases, such as Embase
or Google Scholar, because of the considerable amount of
‘noise’ added, that is, mostly articles published in
nonprofessional journals. As a threshold of quality, we aimed
to only look at articles published in journals registered in
MEDLINE.

https://www.i-jmr.org/2022/2/e31055
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Search Strategy

We searched for the following keywords. “quality care” OR
“quality management” OR “quality indicators’ OR “quality
improvement.” A preliminary search conducted in this fashion
returned a huge number of articles unrelated to health care
quality, in which the word “quality” appeared several timesin
the body of the article, for example in the expression “quality
of life” Similarly, the addition of the search terms “quality
control,” "quality assessment,” and “ quality assurance” retrieved
even more articles, and the vast mgjority of these articles were
not related to health care quality. Thus, in the final search, we
used the keywords “quality care” “quality management,’
“quality indicators,” and “quality improvement” and limited
the search field to title and abstract only, which allowed us to
limit our search results to articles nearly exclusively related to
health care quality.

Inclusion and Exclusion Criteria

We aimed to include all articles related to quality in health care
and exclude all those that were retrieved by the search but were
not related to health care. In view of our systematic review of
all titles and abstracts, 2 of the authors (JM and FBM) were
ableto verify that the keywords and search strategy allowed us
to include all the articles retrieved without exclusion. We also
limited the search to articleswritten in English and dealing with
humans (as opposed to animals). We repeated the search by
each time using one limit according to publication types as
classified by PubMed, and we noted the total number of
publications per year for the 31 years of the specified period.
As mentioned in the introduction section, we used PubMed's
own classification of articles such as relatively ‘low-evidence
articles' (eg, case reports, editorials, letters, and reviews), and
higher-evidence ones (eg, clinica trials, controlled trials,
randomized controlled trials, meta-analyses, systematic reviews,
and practice guidelines) [10,11]. In order to verify that the
classification and tagging offered automatically by PubMed
was accurate, we used arandom sample of 5 articles each year,
and in 100% of the cases, PubMed'’s classification was accurate.
There are, however, obvious overlaps, for instance, all
randomized controlled trialsare also classified asclinical tridls;
some papers, based on a case report and a review of the
literature, are classified both as reviews and case reports,
systematic reviews are also classified as reviews. Some but not
all meta-analyses are part of systematic reviews.

Statistical Analyses

The Minitab Statistical package (version 16.0; Penn State
University) was used for statistical analyses. We used regression
analysis(ie, linear and best-fit nonlinear) to determine the effect
of year of publication on the number of publications of each
type. A P value <.05 was considered significant.

Results

Table 1 depictsthe number of each type of publication retrieved
using the stratification of 7 different research and publication
methods selected by year. Therewasasignificant cubicincrease
over the study period in the total number of publications

(R?=0.997; P<.001; Figure 1) ; reviews (R?= 0.961; P<.001;
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Figure 2); clinical trials (R?=0.822; P<.001), peaking in 2017,
with a sharp decline until 2021 (Figure 3); controlled trias

(R?=0.829; P<.001), peaking in 2016, with a sharp drop until

2021 (Figure 4); randomized controlled trials (R?=0.888;
P<.001), peaking in 2017, with asharp drop until 2021 (Figure

5); systematic reviews (R°=0.993; P<.001), from nearly none
in the 1980s through 1990sto apeak of 222 in 2021 (Figure 6);

and meta-analyses (R?=0.920; P<.001), from nearly nonein the
Table 1. Types of publication retrieved in this study.
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1980s through 1990s to a peak of approximately 40 in 2020
(Figure 7); There was a linear increase in practice guidelines
from none in 1989-1991 to approximately 25 per year during
2019-2021 (R?=0.692; P<.001; Figure 8); there was a cubic
increase in editorials (R°=0.961; P<.001; Figure 9), peaking in
2021 at 125 per year, and in letters to the editor (R>=0.858;
P<.001; Figure 10), peaking at 50-78 per year inthelast 4 years
prior to this study, from 2018 until 2021.

Year Casere- Clinica  Controlled  Editorials Letters Meta Practice Randomized Re- Systematic  Totd publica-
ports trials trials analyses guidelines controlledtrials views Reviews tions
2021 36 105 38 125 63 36 24 72 674 222 8543
2020 34 124 76 101 78 40 26 86 662 198 7773
2019 17 118 95 82 52 33 13 81 560 181 6738
2018 26 105 88 69 63 27 23 83 586 170 6158
2017 20 147 86 66 45 24 20 122 593 114 5622
2016 16 118 128 74 48 25 15 92 610 123 5095
2015 12 113 94 71 43 24 16 78 559 93 4647
2014 16 115 84 67 29 24 20 89 435 83 4033
2013 17 87 91 44 24 24 19 67 361 67 3396
2012 13 72 71 52 12 29 26 53 291 61 2798
2011 12 72 58 43 22 9 8 59 264 41 2407
2010 16 51 63 36 16 8 16 42 218 37 2110
2009 15 40 45 30 12 5 12 29 222 38 1793
2008 7 36 32 32 17 2 10 28 234 20 1577
2007 8 27 31 27 11 7 4 21 230 18 1408
2006 4 24 23 28 10 6 19 15 215 14 1357
2005 5 43 17 23 12 2 9 27 153 9 1120
2004 6 39 31 25 10 1 14 28 158 13 1064
2003 7 31 34 9 4 0 23 23 127 4 900
2002 4 21 24 16 12 1 5 15 111 4 865
2001 5 32 17 15 3 3 7 23 107 5 820
2000 6 21 28 15 7 2 6 12 107 3 774
1999 6 18 16 16 9 0 8 8 111 1 774
1998 4 15 12 15 3 1 1 5 120 1 747
1997 13 13 6 7 7 1 7 8 113 0 717
1996 8 12 10 16 5 0 4 9 91 0 677
1995 0 9 11 16 3 0 5 6 68 0 686
1994 8 5 7 6 4 0 5 2 55 0 655
1993 5 2 3 10 2 1 3 2 46 0 594
1992 2 2 2 10 12 0 2 1 28 0 447
1991 2 0 1 8 0 0 0 0 23 0 342
1990 1 0 0 1 2 0 0 0 14 0 197
1989 2 1 0 3 1 0 0 11 0 147
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Figure 1. Total yearly number of publications (y-axis) versus year of publication (x-axis).
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Figure 2. Yearly number of reviews (y-axis) versus year of publication (x-axis).
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Figure 3. Yearly number of clinical trials (y-axis) versus year of publication (x-axis).
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Figure 4. Yearly number of controlled trials (y-axis) versus year of publication (x-axis).
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Figure5. Yearly number of randomized controlled trials (y-axis) versus year of publication (x-axis). RCT: randomized controlled trial.
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Figure 6. Number of Systematic reviews (y-axis) per year (x-axis).
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Figure 7. Number of Meta-analyses (y-axis) per year (x-axis).
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Figure 8. Number of practice guidelines (y-axis) per year (x-axis).
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Figure9. Number of editorials (y-axis) per year (x-axis).
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Figure 10. Yearly number of Lettersto the editor (y-axis) versus Year of Publication (x-axis).
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Discussion

Principal Findings

This study demonstrates that physicians and health care
specidists involved with quality issues are faced with an
enormous and nearly always increasing amount of literature to
read and integrate. It is striking, however, that this amount may
have shown a trend toward stabilization in important types of
publications, such as clinica trids, controlled trias, and
randomized controlled trials, or even a decrease since 2015.

The slope of the increase was not the same for each type of
publication. The rate of yearly increase in the number of
publications wasthe slowest for clinical guidelines (linear rather
than cubic). The number of yearly clinica guidelinesincreased
dowly over time, strikingly different from the quasi-exponential
increase in the total yearly number of al publications. Letters
to the editors and editorials continued to steadily increase over
the years of the study. The greatest rate of increase was for
reviews.

Comparison With Prior Work

Thetrend toward stabilization in important types of publications,
such as clinical trials, controlled trials, and randomized
controlled trials, or even a decrease in these publications since
2015 might be unique to the field of health care quality, asthe
number of publications reported by the National Library of
Medicine and registered in PubMed hasincreased exponentially
over the same period without any such decline since 2015 [12].

The number of yearly clinical guidelinesincreased slowly over
time, strikingly different from the quasi-exponential increase
inthetotal yearly number of all publications. Practice guidelines
areimportant in every field of medicine because they areto set
up a standard based upon high level of evidence, and even if
such type of evidence does not exist, they are at least based
upon expert opinion. Graham et al [13] recently stated:

The most important benefit of clinical practice
guidelines is their potential to improve both the
quality or process of care and patient outcomes.
Increasingly, clinicians and clinical managers must
choose from numerous, sometimes differing, and
occasionally contradictory, guidelines.

We can only speculate about this phenomenon. One possible
explanation isthat, asarule, guidelines are to be followed. Not
following them may lead to malpractice suits, and the fear for
malpractice suits might be a deterrent for professional
associations to publish such guidelines [14]. Guidelines aso
require an organizationa infrastructure (eg, a professional
association or academy), at anational or international level, that
is capable of identifying an important and often controversial
topic and will invest the necessary resources to enlist
professional experts and often fund their time and travel
expensesto acommon meeting place, wherethe guidelineswill
bewritten. Such aninfrastructure may not be established enough
in the field of health care quality to alow for the development
and subsequent publication of numerous guidelines every year
[15]. Writing guidelines al so requires reaching aconsensus[15],
and professional associationsin the field of health care quality
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might not be organized enough to issue a large number of
guidelines. Finally, there might be a limit of how many
guidelines can be written in a particular field, and it is possible
that thefield of quality in health care might have reached some
degree of ‘saturation’ in the number of potential guidelines.

Letters to the editors are usually author initiated, contrary to
editorials, which are mostly invited. Neverthel ess, these 2 types
of articles continued to steadily increase over the years of the
study, in spite of the fact that they are both unlikely to add much
evidence to medical knowledge and rank very low in the
evidence-based pyramid [7].

Reviews and systematic reviews are often written by invitation,
and they have the potential for being highly quoted, in particular
when there is a restriction in the number of references [16].
Therewasafast increasein both types of articles, but we suspect
that arelative stagnation in the number of randomized controlled
trials will limit the ability to perform systematic reviews at
increasing rates in the near future.

Limitations

One limitation of our study is that we cannot claim that our
search allowed us to recall all papers published in the field of
health care quality. The inclusion of additional keywords or
other languages may have added a substantial number of
publications. In addition, quality is a broad concept with
different dimensions, frameworks, and even definitions. Quality
indicators are categorized into input, process, output, outcome,
and impact. Each published study can focus on any one of these
indicators. Moreover, quality studies are affected in various
settings, including primary care, secondary, or tertiary settings.
Someterms, such as* patient satisfaction” or “ health marketing,”
may in fact be related to some aspects of quality. Thus, the
search strategy and classification that we used in this study may
not show a true picture of the volume of studies in this field.
However, we do not believe that accessing those articles would
have significantly modified our findings or our conclusions, in
view of the very large number of publicationsthat wewere able
to retrieve. Another limitation of our study is that we did not
use other databases such as Embase or Google Scholar. Adding
these databases would have probably helped us retrieve
additional articles, but they would likely be articles published
in journals not registered in PubMed [17]. Some of them may
well have been published in legitimate, ‘ newer’ journals not yet
registered in MEDLINE, but asathreshold of quality, weaimed
to only look at those registered in MEDLINE, which our
methodology allowed usto do.

Another limitation of our study is that the classification and
tagging offered by PubMed may not be 100% accurate. This
applies mostly to the type of study. Classification errors are
probable. However, a random sample of the retrieved articles
revedled an excellent degree of agreement with PubMed
classifications. Moreover, athough the number of health
quality—related papers appeared to be rising in quantity, we
could not determine whether it also increased in quality, since
PubM ed does not classify medical articlesby quality. At times,
a few articles of very high quality will have a much more
meaningful impact on clinical care than many other articles of
lesser quality. Our study somewhat warns physiciansand health
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care specialists who wish to address health care quality issues
that many reviews and commentariesin thisfield may be poorly
supported by solid evidence.

Conclusions

Mendlovic et al

in the future. We suggest that contributorsto this dynamic field
of research should strive to produce more evidence-based
publications and guidelines rather than commentaries and
nonsystematic reviews that do not really provide much
additional evidence.

Over the past 29 years, the field of quality in health care has
seen asignificant annual increase of published original studies,
with arelative stagnation or decrease since 2015. Astheinternet
has created a revolution in the availability and accessibility of
scientific publications, it may yet create additional striking
changesin thetrendsthat we currently report. Moreover, secular
changesinfunding prioritiesmay also create significant changes

Asdigita healthincludes concepts from an intersection between
technology and health care, we hope that in the years to come,
there will be digital transformationsto the health care field that
will enable researchers, practicing physicians, and health
administrators to have better and faster means to find
evidence-based solutions for the quality problems they face.
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Abstract

Background: Multifaceted school-based interventions involving many stakeholders show promise toward the reduction of
sedentary behavior (SB) and improved muscul oskeletal conditionsin school children. In resource-limited contexts, where schools
face multiple, complex demands, broad school-based interventions may not be possible. In these settings, less complex,
resource-efficient interventions are more likely to be adopted and implemented. Interventions that are limited to classrooms and
that do not require broader stakeholder participation may be more appropriate to lower-resource settings.

Objective: The aim of this study was to systematically search for, identify, and summarize the literature on the effectiveness
of classroom-based interventions on SB and spinal health in schoolchildren.

Methods: PubMed, EBSCOhost CINAHL, Web of Science, and Scopus were searched between January 1, 2021, and April 30,
2021. We included experimenta studies conducted exclusively in school classrooms that objectively measured classroom SB
and spinal health. The search terms related to SB, classroom sitting, and classroom neck and back pain. Studies that reported on
objectively measured classroom physical activity and instrumented observation of healthy spinal behavior were included in the
review. Theincluded studieswere critically appraised using the McMaster critical review form for quantitative studies. The study
findings were summarized in tables, and a meta-analysis of homogeneous review outcome data was conducted.

Results: Overall, 12 experimental studies from high-income countries were included: 9 (75%) studies focused on SB, and 3
(25%) focused on spinal health. Of the 9 SB studies, 8 (89%) reported decreasesin classroom sitting time. The pooled medium-term
effects of asubset of SB interventions showed statistically significant decreasesin sitting time (P=.03), whereas short-term effects
and long-term effects were not significantly reduced (P=.13 and P=.23, respectively). A meta-analysis of spinal health studies
demonstrated statistically significant improvementsin spinal behavior during functional tasks (P=.005).

Conclusions: Classroom-based interventionsaimed at reducing SB and improving spinal health may be effective without placing
an additional burden on teachers and parents. SB interventions must include strategiesto overcometeachers and learners’ hedonic
motivation to sit during class time. Standardized outcomes for school-based SB are encouraged so that findings from various
settings may be pooled to determine the overall effect across studies. The use of standardized functional outcomesin spinal health
studies will aid in determining the effectiveness of spinal health interventions across studies.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020176080;
https://www.crd.york.ac.uk/prospero/display_record.php? D=CRD42020176080

(Interact J Med Res 2022;11(2):€39006) doi:10.2196/39006
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Introduction

Background

Globally, noncommunicable disorders such as muscul oskel etal
conditions (eg, low back pain [LBP] and neck pain) and
cardiovascular diseases (eg, stroke) are a growing cause of
disability [1]. Furthermore, the need for rehabilitation services
for these kinds of conditions hasincreased in inverse proportion
to countries income levels [2]. The prevention of
noncommunicable diseases, especialy in regions burdened by
infectious diseases such as HIV and AIDS and tuberculosis, is
an important health strategy [3]. Although the causes of back
pain and cardiovascular disease are multifaceted, rehabilitation
professionals have focused on the relationship between these
health burdens and sedentary behavior (SB). The Sedentary
Behavior Research Network defines SB as* any waking behavior
characterized by an energy expenditure<1.5 METS[metabolic
equivalents] while in a sitting or reclining posture” [4].
Epidemiological associations between SB and a range of
noncommunicable diseases such as type 2 diabetes, obesity,
spinal musculoskeletal injury, and even some cancers are
corroborated by physiological evidence [5]. Redundant
understanding (understanding that has been informed by new
knowledge and isno longer useful or current) of the physiology
of SB encouraged researchers to investigate remedies for the
effects of SB with interventions aimed at increasing moderate
to vigorous physical activity [6]. Therealization that the effects
of SB are not “equally and oppositely matched” by the benefits
of moderate to vigorous physical activity has prompted
researchers to instead tria interventions to reduce the
accumulation of SB [6]. This preventive approach to addressing
sedentary behavioral physiology is germane to recommended
preventive measures of sitting-related back pain.

The causal relationship between SB (such as sitting) and the
onset of back painiscomplex, asisapparent in the contradictory
findings in the literature [7]. Although the methodological
weakness of studies may account for some of these equivocal
findings, another important factor may be the heterogeneity of
back pain. The effects of (particularly prolonged) static sitting
on the structures of the spine include continuous intervertebral
disk compression and resultant compromised disk nutrition.
Furthermore, in vitro studies have demonstrated how
intervertebral disk tissue deforms under 1oads comparable to
the compressive loads experienced during sitting [8]. In the
absence of an optimal sitting posture [7], a proposed strategy
to mitigate the effects of prolonged sitting on the spina
structures is dynamic sitting [9]. The rationale of this strategy
isto encourage small-range high-frequency changesin the spine,
using specific chairs or equipment, to reduce continuousloading
of spinal structures[9]. However, the efficacy of dynamic sitting
islimited. Assuch, researchers turned to assessing the efficacy
of strategies aimed at reducing total sitting time, particularly
by breaking up prolonged periods of sitting, as a means of
mitigating the effects of sitting on the spinal tissues [10].
Interrupting prolonged periods of sitting with alternative
postures such as standing is purported to balance the load on
muscul oskel etal tissues, mitigating the onset of soft tissue strain
and delaying the onset of discomfort.

https://www.i-jmr.org/2022/2/e39006
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Reducing the accumulation of SB by interrupting prolonged
periods of sitting has also been suggested asameans of arresting
harmful SB physiology [11,12]. Given that SB continues from
childhood into adulthood [13], much scientific research on SB
in children has been published in the last decade [14]. SB in
children has consistently been associated with increased
cardiometabolic disease, including insulin resistance [15] and
decreased high-density lipoprotein cholesterol [ 16]. Developing
effective preventive strategies that are designed to limit
cardiometabolic health problems associated with SB during
childhood seems prudent considering its effect on health-related
quality of life [17,18] across the life span.

Considering that LBP also tracks across the life span from
adolescence into adulthood [19] and given the association
between SB and LBP, early interventions aimed at preventing
SB from becoming ingrained at school-going age has the
potential to address manifold health burdens. The World Health
Organization has encouraged the coordination of health and
education systemsin health promotion for several decades[20].
SB is ubiquitous during school time, with class time being the
most sedentary period [21]. The past decade has seen many
studies published on strategies aimed at reducing SB in schools
[22].

Hegarty et al [23], in their review of school-based studiesaimed
at reducing SB in children, describe the range of underpinning
theoretical bases. Although the design of interventions based
on various theoretical underpinningsis justified, the pragmatic
challengesinherent to resource-constrained contexts hinder the
feasibility of interventions that require additional resources
beyond the status quo. Interventions underpinned by social
cognitivetheory or socia frameworks[24] that burden teachers
with teaching SB-related curricula in addition to the normal
academic content may stretch a school’s human resources to
the point that the intervention becomes unfeasible [25].
Furthermore, interventions that require parents to engage with
learning materials[26] are not feasible in contexts of low adult
literacy, low parent-child engagement, and prevalent
child-headed families, as are common in low-income countries
plagued by war or epidemics. According to the capability,
opportunity, and motivation behavior framework [27],
school-based interventions that involve changesto the physical
environment of the classroom (opportunity) and that neither
depend on participants’ acquisition of additional capability nor
increase participants motivation for SB are likely to succeed
in reducing classroom SB [28].

Objectives

In resource-constrained contexts, it is important that public
health programs are underpinned by sound theoretical
frameworks that increase the likelihood of succeeding and that
address multiple health burdens. Given the potential benefits
of reducing SB in relation to noncommunicable diseases and
spinal health across the life span, reviewing the literature on
the implementation of classroom-based interventions aimed at
reducing SB and improving spinal health will provideimportant
information in deciding what strategies to implement in the
South African context. This review, which aimed to identify
and summarize evidence on the effectiveness of classroom-based
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interventions aimed at reducing SB and improving spinal health,
certainly meets these criteria.

Methods

This systematic review was registered with PROSPERO in
November 2020. The review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [29].

Eligibility Criteria
Thefollowing inclusion and exclusion criteriawere considered
for thisreview.

Types of Studies

Given that this review aimed to identify and summarize the
effectiveness of interventions, studies with any form of
experimental design were included. Studies with experimental
designs include case studies and case series, uncontrolled
before-and-after trials, interrupted time series trials,
nonrandomized controlled trials, cluster randomized controlled
trials, and randomized controlled trials. All English-language
studies published until April 30, 2021, were considered.

Types of Participants

Participants enrolled at primary and high school classrooms
wereincluded in this review.

Types of I nterventions

Any classroom-based interventions aimed at reducing classroom
SB and improving back health were considered for this review.
Examplesof classroom-based interventionsthat were considered
included, but were not limited to, education programs,
movement integration, exercise or movement programs, or
changes to the classroom environment. Only interventions that
were conducted within the confines of the classroom were
considered.

Types of Comparisons

Comparison groups had to be subject to the usua classroom
conditions.

Types of Outcomes

Studies had to report on objectively measured classroom sitting
time, bouts of prolonged periods of sitting, frequency of
interruptionsto sitting, spinal muscle strength, or instrumented
observation of healthy spinal behavior.

Exclusion Criteria

Observational studies were not considered for inclusion in this
review because they would not be ableto infer the effectiveness
of interventions. Studieswith participantswho required special
education and mobility needs were excluded because these
school classrooms are often adapted to facilitate the educational
and mobility requirements of these learners and differ from
mainstream school classrooms. In addition, studiesthat included
participants with spinal pain related to injury or disease were
not digiblefor inclusion. Experimental studieswith intervention
strategies with componentsthat go beyond the school classroom
or school time were also not considered eligible for inclusion.

https://www.i-jmr.org/2022/2/e39006
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Studies that did not apply the definition of SB as behavior that
expends <1.5 metabolic equivalents [4] were excluded.

Search Strategy

The following €electronic databases were comprehensively
searched from database inception to April 30, 2021: PubMed,
EBSCOhost CINAHL, Web of Science, and Scopus. Database
searches included a combination of Medical Subject Headings
(PubMed) and similar keywords in combination with Boolean
operators such as OR and AND according to the database
function. An example of the combination of keywords searched
included (school OR class OR classroom) AND (sedentary
behavior OR sedentariness OR sitting) for SB studies and
(school OR class OR classroom) AND (spine OR spine health
OR posture) for studies on spinal health. Only language filters
were applied to searches. One researcher (DF) conducted all
searches. Hand searches of referencelists of theincluded studies
to identify additional studieswere conducted.

Study Selection

Theresultsfrom the 4 database searches were screened by study
title and abstract according to the eligibility criteria by one
researcher (DF). Duplicate studies were identified, exported to
Microsoft Excel, and manually removed. A second researcher
(QL) spot-checked the potential included studies for incorrect
study retention. Thereafter, retained studies were screened by
full-text reading of the papers. The second researcher (QL)
repeated the spot-check once full-text screening was completed.
Consensus was then reached about the inclusion of studiesin
the review. Study eligibility was assessed by one researcher
(DF), with uncertainties discussed with the second researcher

(QL).

Search results from the respective electronic databases were
exported to Mendeley reference management software
(Mendeley Ltd). The results were copied into a customized
Microsoft Excel sheet to document the review results, identify
and exclude duplicates, and track information for the PRISMA
flowchart [29].

M ethodological Appraisal

The included studies were critically reviewed using the
McMaster critical review form for quantitative studies [30].
Thisreview tool allows the researcher to appraise the included
studies on the stated purpose of the study and relevance of the
background literature, appropriateness of the study design, study
sample and selection, measurement and detection bias, sample
size, outcomes and results, and conclusion and implications.
Studies were not excluded based on quality.

Data Extraction

Data from the included studies were extracted according to the
study design, participant information, intervention description,
study outcomes, and intervention effects. The information was
recorded in a customized Microsoft Excel data extraction form
by the first author (DF). The second author (QL) performed a
spot-check on a subsample of the included studies to assess
accuracy and consistency. Consensus about the extracted data
was reached between the researchersbefore datasynthesis. Data
was extracted according to the following categories:
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« Genera study information: date of extraction, author or
authors, title, type of publication, and country of origin
«  Study characteristics: study aims and objectives and study

design

« Participants: population and setting and number of
participants

- Intervention features. intervention setting and mode of
intervention

« Measurement description: unit of measurement, type of
measurement, frequency, and follow-up duration

Data Analysis

The key outcomes were SB and spinal health. We used Review
Manager (version 5.4.1; The Cochrane Collaboration) [31] to
conduct ameta-analysisof SB and spinal health outcomeswhere
required data(mean and SD or SE) were available, and outcomes
weresimilar. The datato conduct ameta-anaysiswere extracted
from published manuscripts and supplementary files, requested
from the corresponding author or derived using the calcul ator

Fisher & Louw

function in Review Manager. A random effects model for
heterogenous data among studies was used. We conducted a
subgroup analysis based on the follow-up period in different
studies (short: <12 weeks, medium: 12-24 weeks, or long term:
>24 weeks). The overall measure of effect (mean difference
and 95% Cls) was calculated for all outcomes and subgroups,

and we considered the 12 test as the measure of subgroup
heterogeneity. Effects and P values of SB and spinal health
outcomes that were too dissimilar and not appropriate for
inclusion in the meta-analysis were calculated using MedCalc
(version 20.113; MedCal ¢ Software Ltd) [32] and tabulated.

Results

Study Selection

The search results from the 4 databases used yielded 7423
studies. A total of 12 papers met the inclusion criteria, each
reporting onindividua studies, and wereincluded inthereview
(Figure 1).

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of search results and included studies. SR:

systematic review.
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Study Char acteristics

Participants and Study Location

The included studies comprised 2296 participants. 1026
(44.69%) in SB studies and 1270 (55.31%) in spinal health
studies (Table 1). Study sample sizes ranged from 23 to 696

Fisher & Louw

participants with ages ranging from 8 to 17 years. Of the 12
studies, 2 (17%) had male-only participants [33,34], whereas
the remaining studies (10/12, 83%) had male and female
participants. Of the 12 studies, 6 (50%) had >100 participants,
and 1 (8%) had >500 participants.

Table 1. Characteristics of included studies.

Country (setting), study

Study aim

Study design (sample
size)

Sample description (age
[years])

Sedentary behavior studies

United Kingdom (2 primary
school classes), Sherry et a
[35]

Australia (2 primary school
classes), Contardo Ayalaet a
[36]

Belgium (10 primary and 9
secondary schools), Verloigne
etal [37]

Portugal (1 primary schoal),
Silvaet a [38]

United Kingdom (10 primary
schools), Norris et al [39]

Australia(2 primary schools),
Eeetal [34]

Australia (1 secondary
schoal), Sudholz et al [40]

Australia (1 primary school),
Parry et a [33]

United States (9 elementary
schools), Swartz et al [41]

Spinal health studies

Belgium (3 primary Schools),
Cardon et d [42]

Germany (2 primary schoals),
Dullien et al [43]

Belgium (8 elementary
schools), Geldhof et al [44]

To assess the impact of afull standing desk allocation system
on sitting behavior and to explore changesin behavior-related

mental health, M SK2 health, and markers of cognitivefunction

To assess the impact of an intervention incorporating height-
adjustable desks and pedagogical strategieson overall volume
and pattern of classroom sitting

To conduct an effect evaluation of implementing standing
desksin the classroom and eval uate the process of implement-
ing standing desks

To investigate the impacts of a classroom standing desk inter-
vention on classroom sitting time and verify effects of thein-

tervention on whole-day SB® and pad during the week and
weekend

To test the effect of a PA class intervention on children’s PA
and SB, on-task behavior, and student engagement

To determine the effects of a classroom standing desk inter-
vention on school sitting and standing time, waking hours PA
and SB, and MSK discomfort

To examine the impact of combining environmental change
and classroom prompts on adolescents’ classroom sitting time,
prolonged sitting bouts, standing and stepping time, and sitting
interruptions

To assess effects of yearlong intermittent use of a standing
desk on sitting and standing time at school and sedentary time
and PA for waking hours, as well as self-reported presence
and intensity of MSK symptoms

To determine the effect of stand-biased desks on PA and SB
in elementary school children and examine theimpact of stand-
biased vs sitting desks on SB and activity during the school
day

To investigate the efficacy of aback education program and
examine habit changes

To examine whether teacher-led intervention programs could
improve back-care knowledge, back-friendly behavior, and
core muscle endurance

To investigate the effect of an optimized multifactorial back
education program on knowledge and postural behavior in
children

Pilot controlled tria
(n=55)

Pilot nonrandomized
trial (n=41)

Cluster RCT (n=343)

Cluster controlled tria
(n=49)

Cluster RCT (n=264)

Within-participants
crossover trial (n=47)

Quasi-experimental de-
sign (n=105)

Repeated measures
within-participants
crossover trial (n=23)

Within-classroom
crossover design (n=99)

RCT (n=696)

Cluster RCT (n=176)

Quasi-experimental
pre-post design (n=398)

Year 5 students (9-11)

Year 6 students (11-12)

Grade 5 students (10-
11) and grade 10 stu-
dents (15-16)

Grade 6 students (11-
13)

Year 4 students (8-9)

Grade 4 students (10-
11); only male partici-
pants

Grades 7, 10, and 11
students (12-17)

Grade 4 students (9-
10); only male partici-
pants

Grades 3, 4, and 6 stu-
dents; age not reported

Grades4 and 5 students
(9-11)

Grade 5 students (10-
12)

Elementary school stu-
dents (9-11)

M SK: musculoskeletal.

BRCT: randomized controlled trial.
CSB: sedentary behavior.

Ipa: physical activity.

The 12 included studies were all conducted in high-income
regions, namely Europe (n=5, 42%) [37,38,42-44], Australia
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(n=4, 33%) [33,34,36,40], the United Kingdom (n=2, 17%)
[35,39], and the United States (n=1, 8%) [41]. Of the 12 studies,
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9 (75%) focused on the intervention’s effects on SB [33-41],
and 3 (25%) focused on spinal health [42-44]. Of the 12 studies,
10 (83%) were conducted in primary schools[30,33-38,40,44],
1 (8%) in asecondary school [40], and 1 (8%) in both primary
and secondary schools[37].

Description of I nterventions

Of the 9 SB study interventions, 1 (11%) [39] used physically
active lessons (Table 2). The remaining SB study interventions

Fisher & Louw

comprised either adding to [37], replacing all [35,36,38,40], or
replacing a proportion of the traditional classroom desks with
stand-biased desks [33,34,41]. Of the 9 studies, 5 (56%)
[35-38,40] included teacher training and development as part
of the intervention. All the spinal health studies used a back
education program [42-44]. Of the 3 studies, 2 (67%) [43,44]
added posture awarenesstraining to the back education program,
and 1 (33%) [43] included an exercise component in the
intervention.

Table 2. Summary of study interventions.

Study

Intervention description

Sedentary behavior studies
Sherry et a [35], 2020

Contardo Ayalaet
[36], 2016

Verloigneet al [37],
2018

Silvaet al [38], 2018

Norriset a [39], 2018

Eeetal [34], 2018

Sudholz et al [40], 2020

Parry et al [33], 2019

Swartz et al [41], 2019

Spinal health studies
Cardon et a [42], 2002

Dullien et a [43], 2018

Geldhof et al [44], 2006

All usual desks replaced with height-adjustable sit-stand desks. Instructional
posters in classroom demonstrating correct posture, environmental change to
classroom, reflective motivation from teacher, and monthly visits from re-
searchers

All usual desks replaced with height-adjustable sit-stand desks and origina
chairs replaced with laboratory stools; teacher development about pedagogical
approaches to reduce and break sitting and how to adapt delivery of usual cur-
riculum and safe use of desk

Three standing desks introduced into class, and teachers received presentation
to situate the intervention in health context based on evidence (printed presenta-
tion material provided to teachers)

Traditional seated desks exchanged for adjustable sit-stand standing desks,
teacher training sessions by physical education and psychology professionals,
and family support sessions

Physically active lesson intervention “Virtual Traveler” comprised three 10-
minute physically active sessions per week (18 sessions)

Classdivided in half and rotated through use of hel ght-adj ustable stand-up desks,
whereas other half used traditional desks on 21-day cycle

Traditional classroom desks exchanged for height-adjustabl e desks and backless
laboratory stools; 3 posters and desk stickersto provide behavioral prompts; and
1-hour teacher training on how to use desks, evidence of health benefits of
breaking up sitting time, and tips and strategies for adolescents

Classdivided in half and rotated through use of standing desks for 21-day cycle
throughout school year

Half the class allocated stand-biased desk for 9 weeks before using sitting desk
for 9 weeks; other half allocated sitting desk for 9 weeks before using stand-bi-
ased desk for 9 weeks

Six weekly 60-minute back education sessions delivered by physical therapist
based on biomechanical literature and the German program of back exercises.
The program made use of 10 “make your disks happy” guidelines

Teacher-delivered 5 back-care lessons (materials provided) focusing on
anatomical knowledge of the spine, good and bad sitting posture, healthy back-
pack habits and lifting, healthy carrying, and back-friendly sport and nutrition;
posture awareness training and improvement posters put up in classroom; and
mandatory back and abdominal muscle exercises at the beginning of each class

Six weekly back education lessons by physical therapist included back anatomy
and pathology as well as principles of biomechanical postures during standing,
sitting, lying, lifting, pushing, and bending; 10 large posters of back posture
principles; and stimulation of dynamic sitting by introducing 2 Pezzi balls and
aDynair wedge for each classroom, as well as twice daily movement breaks

Intervention  Theoretical under-

duration pinning

8 months Behavior change
wheel [45]; COM-
B? model

8 months Not reported

6 months Not reported

16 weeks Not reported

6 weeks BCTTv1P [46]

6 weeks Not reported

6 months Not reported

8 months Not reported

18 weeks Not reported

6 weeks Not reported

1 school year  Not reported

(10 months)

2years Not reported

3COM-B: capability, opportunity, and motivation behavior.
PBCTTv1: Behavior Change Technique Taxonomy version 1.
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Critical Review of Included Studies

Table 3 provides a summary of the McMaster critical review
[47] of theincluded studies. All included papers clearly stated
the study purpose, adequately described the sample, and
provided sufficient details regarding the intervention.
Furthermore, al studies reported the study results in terms of

Table 3. McMaster critical review form for quantitative studies.

Fisher & Louw

statistical significance, used appropriate methods of analysis,
and reported on the clinical importance of their results. Of the
12 studies, 11 (92%) provided a justification for the sample
size, whereas 1 (8%) [39] did not. The spinal health studies
[42-44] dal showed weaknessin termsof validity of the outcome
measures used and lack of control of contamination as part of
their design.

Sedentary behavior studies Spina hedlth studies
[35] [36] [37] ([38 [391 ([34 [401 [33] [41] (421 [43]1 [44]
Study purpose: was the purpose clearly stated? 0 O d O O d 0 O O ] ad O
Literature: wasrelevant background literaturereviewed? [ O ad a O ad ad O O O ad
Sample
Was the sample described in detail ? a O ad a ad ad O O O ad
Was the sample size justified?
Outcomes
Were the outcome measures reliable? NRE O NR 0O o a o a d
Were the outcome measures valid? NR O O O O O O O O
Intervention
Was the intervention described in detail? O O O O O O O O O O O
Was contamination avoided? O O N/AP N/A  N/A
Results
Were the results reported in terms of statistical g O ad g O ad g g ad O ad g
significance?
Were the analysis method or methods appropriate? [ O ad O ad ad O g
Was the clinical importance reported? | O d O
Were dropouts reported? ad O ad ad
Conclusions and implications: were the conclusions O d g O d g | O

appropriate given the study methods and results?

3NR: not reported.
BN/A: not applicable.

Variability of Study Outcomesin SB Studies

The SB studies reported outcomes either in relation to school
time [33,34,37,38,41] or class time [35,36,39,40] (Table 4).
There were also differences in the units of measurement used,
namely minutes[35-37,39], minutes per 9 hours[33,38], minutes

https://www.i-jmr.org/2022/2/e39006
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per day [34,41], and minutes per lesson [40]. Sitting was the
main proxy measure used for SB, but 25% (3/12) of the studies
included proxy measure variations such as freguency of
30-minute sitting bouts; sitting time accumul ated in >5-minute,
10-minute, and 20-minute sitting bouts, and sitting time
accumulated in >15-minute bouts [44].
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Table4. Intervention effects on sedentary behavior and spinal health in included studies.

Geldhof et al [44], 2006

frequency of sitting bouts =30 min-
utes

Mean difference (SE) school hours

time accumulated in sitting bouts =30
minutes

knowledge score

(0.364)%; secondary school
0.463 (0.545)°

Primary school —30.518

(17.245)°; secondary school

>.05t0.10% >.10°

Study Measure of effect (units) Value P vaue Direction of the effect
Sedentary behavior studies
Sherry etdl [35], 2020 Meandifference(95%Cl) sittingtime - _p5,34 (32.25t0-1843)%  .001% .008" Improved®, improved®
a percentage of wear time ~19.99 (—27.05 to 12.94)°
Contardo Ayala et al [36], 2016
Mean difference (95% Cl) classroom _10 4 (-25.76 to 4.96)b 19 No effect
time sitting bouts >5 minutes
Mean difference (95% ClI) classroom  _1767 (-33.7810 1.56)b .03 Improved
time sitting bouts >10 minutes
Mean difference (95% Cl) classroom  _10 21 (-26.72t0 6.31)b .23 No effect
time sitting bouts >20 minutes
Verloigneet al [37], 2018
Mean difference (SE) school hours  Primary school -0.578 >.10% >.10° No effect’: no effect®

No effect®: no effect®

26.073 (26.802)°
Sudholz et a [40], 2020 Mean difference (95% Cl) sitting in —7.7 (-17.510 2.0)‘3; ~11.2 .14% 0022 No effect® improveda
>15-minute bouts (minutes per les- (-180t0-45)
son)
Swartz et al [41], 2019
Mean difference (95% Cl) SBY (min-  12.9 (4.33t0 21.47)% 19.3 003" <.005° Worsened; worsened®
utes per day) grade 3 across-group (12.64 10 25.96)%
comparison
mean difcf'erinc%%: % Cl) SB(Min- 124 (0.64t024.16)% 4.3(— .03% .372 Worsened®: no effect®
es per day) grade 4 across-group a
comparison 5.7310 14.33)
thea“ difc:f* ?”09 8‘59562’/0 Cl) SB (min- 42 (~10.61t019.01)% -14.4 575 .042 No effect’; improved®
es per day) grade 6 across-group a
comparison (—28.69t0—0.11)
Spinal health studies
Cardon et al [42], 2002
Mean difference (95% Cl) practical 19 47 (16.4 to 22.54)%; 19.20 <.001; <.0012 Improved®; improved®
test score (16.96 to 22.88)%
Mean difference (95% Cl) candid 8.23 (5.96 to 10.58)b <.001 Improved
camera score
Perienth chaar‘:ge weekly back or _g1¢ _7.9% 86" Not reported”; not  Not reported®; not re-
neck pain prevalence reported? <.05° ported® improved®
Dullien et al [43], 2018
Percentage reduced back painfrequen- _og ggP .84 No effect
cy
Mean difference (95% CI) back 2.6 (15t03.7)° .001 Improved

https://www.i-jmr.org/2022/2/e39006

Interact JMed Res 2022 | vol. 11 | iss. 2 [e39006 | p.205
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Fisher & Louw

Study Measure of effect (units) Value P vaue Direction of the effect
Mean difference (95% Cl) general 24 (L7510 3_05)b <.001 Improved
back posture knowledge
Mean difference (95% Cl) specific 1o (0.23t0 2_17)b <.001 Improved
back posture knowledge
Mean difference (95% Cl) percentage 5 7 (-6.72t0 18.12)b Not reported Not reported
lesson duration static sitting
Mean difference (95% Cl) percentage 1 g (-1.93t0 5.73)b Not reported Not reported
lesson duration dynamic sitting
Mean difference (95% Cl) percentage  _7 4 (-22.80t0 8.00)b <.05 Improved
lesson duration trunk flexion
Mean difference (95% Cl) percentage  _q g0 (-4.9t0 3.7)b .79 No effect
lesson duration trunk torsion
Mean difference (95% Cl) percentage 303 (-4.92t0 11_52)b Not reported Not reported
lesson duration neck flexion
Mean difference (95% Cl) percentage _g g0 (-4.90to 3.70)b <.05 Improved

|esson duration neck torsion

8Vl easurement period: <24 weeks.
b\ easurement period: 224 weeks.
®Measurement period: <12 weeks.

dsB: sedentary behavior.

I ntervention Effects

The SB study by Swartz et al [41] reported an increase in SB
in the intervention group at final follow-up (Figure 2). All the
other studies [33-40] reported decreased sitting time, with 75%
(6/8) of these studies [33,34,37-40] reporting statistically
significant differences. Statistically significant short-term SB

intervention effects were reported in 44% (4/9) of the studies
[34,37,39,40], whereas 22% (2/9) of the studies[38,40] reported
statistically significant intervention effectsin the medium term.
The study by Parry et a [33] reported statistically significant
long-term intervention effects to reduce SB, whereas the study
by Sudholz et a [40] reported statistically significant short- and
medium-term intervention effects.

Figure 2. Forest plot of random effects of classroom sitting between intervention and control groups.

Favours experiment Favours control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Long-term (=24 wks)
Contardo Ayala 2016 206.21 39.64 19 219 2695 20 50.3% -0.38 [-1.01, 0.26] 2016 —-
Parny 2014 175 254374 23 215 27.7F5 23 497% -1.48[2.14,-0.82] 2019 ——
Subtotal (95% CI) 42 43 100.0% -0.92 [-2.00, 0.15] —atl-
Heterogeneity, Tau®= 0.50; Chi*= 555, df=1 (P=002); F=82%
Test for overall effect: £=1.68 (P = 0.09)
1.1.2 Medium term (<24 wks)
Morrig 2018 16.3 1.37 101 16.6 1.2 92 30.7% -0.23[-0.51,0.08] 2018 -
Silva 2018 252.23 57.36 22 28764 31.08 27 19.8% -1.00[1.60,-0.40] 2018 —
Swartz 2019 161.8 7.8 3T 1525 36.1 52 15.8% -0.02 [-0.44,0.40] 2019 -
Sudholz 2020 381 12.3 47 471 1.3 29 237% -0.75 [1.23,-0.27] 2020 ——
Subtotal (95% CI) 207 200 100.0% -0.45[-0.85, -0.06] &
Heterogeneity: Tau®= 011, Chi*=1013, df= 3 (P=0.02); F=T0%
Test for overall effect: Z=2.24 (P=0.02)
1.1.3 Short term (<12wks)
Ee 2018 208 41.5692 47 231 3464 47 20.3% -0.60[1.01,-0.18] 2018 —
Morrig 2018 10 1.75 104 16.6 1.42 93 20.2% -4.11[-4.60,-3.62] 2018 —=—
Werloigne 2018 211.26 3742 12 26446 3553 11 19.1% -1.40[-2.34,-0.47] 2018 —
Swartz 2019 139.8 38.7 47 1318 433 36 20.3% 017 [0.26,0.61] 2019 T
Sudhalz 2020 35.6 13.4 41 46.9 11.8 32 20.2% 0.88 [1.36,-0.39] 2020 ——
Subtotal (95% CI) 251 224 100.0% -1.36 [-2.89, 0.16] e
Heterogeneity: Tau®= 2.84; Chi®= 183.81, df= 4 (P = 0.00001); *= 98%
Test for overall effect: Z=1.75 (P = 0.08)
T 2 b6 2 ;
Favours experiment Favours control

All 3 spinal health studies [42-44] showed statistically
significant improvementsin spinal behavior during practical or
functional tasks; for example, during the practical test [42],
carrying aheavy object [43], and during material handling [44]

https://www.i-jmr.org/2022/2/e39006

(Table 4). A random effects model analysis of the long-term
effects of the spinal health interventions showed alarge pooled
effect in favor of back health interventions (Figure 3). Both
studies that evaluated the intervention effects on back-care
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knowledge reported dstatistically significant long-term
improvements [43,44]. Of the 2 spina health studies [42,44]
reporting on weekly spinal pain prevalence, 1 (50%) [42]

Fisher & Louw

showed a statistically significant decrease in the long term. A
statistically nonsignificant reduction in frequency of spinal pain
was reported by Dullien et al [43].

Figure 3. Forest plot of random effects on spinal behavior during functional task between intervention and control groups.

Experiment Control Sti. Mean Difference Stil. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Cardaon 2002 4509 1548 197 26.02 107 164 337% 1.41[1.18,1.64] 2002 —
Geldhof 2006 2544 466 153 1848 543 124 333% 1.38[1.12,1.659] 2006 —a—
Dullien 2018 az 2 aa 7721 90 32.9% 0.24 [-0.05 044] 2018 T
Total (95% CI) 436 378 100.0% 1.02[0.31, 1.72] *
Heterageneity: Tau®= 0.37; ChiF= 43.28, df= 2 (P = 0.00001); F= 95% T v } b
Testfor overall efiect 2= 2.82 (P = 0.005) Favours control  Favours experiment

Discussion

Principal Findings

Our study summarized the effects of classroom-based
i nterventionstargeting two separate but rel ated health outcomes,
namely SB and spina hedth. The main finding is that
classroom-based interventions yielded mixed results for SB
outcomes and positive results for spinal health outcomes. The
interventions used in theincluded studieswere conducted within
the classrooms, thus not requiring additional school and
community resources.

In our study, it was found that SB interventions mostly aimed
to reduce classroom sedentariness by altering classroom
behavioral topography (ie, using combinations of teacher and
learner education and sit-stand furniture strategies). The
exception was the study by Norris et a [39], which used a
teacher-led physical activity strategy. Although both strategies
yielded positive results in reducing classroom sitting time, the
teacher-led physical activity intervention by Norris et a [39]
was more effective than the other interventionsin the short term
(Figure 2). However, the effectiveness tapered off in the medium
term, which may imply that teacher-led interventions might not
be sustainabl e after the cessation of the intervention period. The
teacher-led physical activity intervention relied on the teacher
administering the physical activity and was thus unable to
influence the SB of |earners outside of the periodsin which the
activity was being conducted. However, behavioral topography
interventions alowed learners to reduce their SB without
reliance on the teacher. The interventions based on altering
behavioral topography had relatively smaller effectsin the short
term, but these reductions were maintained at follow-up. The
reason for theseinterventions' relatively small reduction in SB
may be that they either insufficiently addressed teachers' and
learners’ automatic perceptual mechanism to habitually sit
during lessons[48] or were unableto ater teachers perceptions
that they are better able to maintain classroom order and control
when learners are seated [49]. The teacher-led physical activity
intervention required learners to participate in the physical
activity without the need to overcome either of these factors.
The mixed findings regarding the effectiveness of interventions
on SB contrast with the definitive improvements shown by the
spinal health interventions.

Spinal health interventions produced large pooled effects for
improving spinal health behavior during functional tasksin the
long term (Figure 3). Three distinct methods of intervention

https://www.i-jmr.org/2022/2/e39006

were used in the different studies, namely educational 1essons
[42-44] and accompanying visua aids (such as posters) [43,44],
physical activity or exercise programs, and ergonomic devices
[43,44]. Theintervention by Dullien et a [43] resulted in smaller
improvementsin spinal health behavior during afunctional task
than the other spinal health studies. The functional outcome
used by Dullien et at [43] consisted of asingle carrying task. It
is likely that the learners who completed the multidomain
functional task used by Cardon et a [42] and Geldhof et a [44]
were able to compensate for low scores attained in some of the
domains with higher scores achieved in other domains. This
was not possible in the single-domain functional task used by
Dullien et a [43]. The nonuniformity of thisfunctional outcome
across the studies must be considered in the interpretation of
this study finding.

The nonuniformity of the reported units of measurement and
outcome measurement of studies hindered cross-study
comparison. Units of measurement from SB studies included
aggregated minutes, minutes per 9 hours, minutes per day, and
minutes per lesson. Furthermore, the variability and makeup of
spinal health outcome measurements are also problematic; for
instance, Cardon et a [42] included sitting posture and
ring-binder use at the desk in the observation of practical
application of healthy spinal principles, whereas Geldhof et &
[44] measured static and dynamic posture separately from other
functional tasks. Furthermore, Dullien et a [43] embedded the
observation of the demonstration of static and dynamic posture
in a back behavioral trial. The use of standard measures of
outcome and standardized measurement units is likely to
facilitate cross-study comparison and must therefore be
addressed by future research in the field.

The heterogeneity in study design across the included studies
required the use of a generic critical appraisal tool [47]. The
studies were generally well described, which is helpful to
researchers planning similar intervention studies. However, the
critical review revealed notable shortcomings, namely the
nonreporting of clinical importance, lack of ajustified sample
size, and use of nonvalidated and unreliable outcome measures
inthe spinal health studies. Thelack of reporting of samplesize
justification in theincluded studiesimpliesthat the studieswere
underpowered to assess the study outcomes. The use of
nonstandardized and unreliable outcome measures may
introduce bias into the study findings. These limitations of the
included studies undermine the study findings and, by extension,
the generalizability of the findings.
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The burden posed by spina health conditions and
noncommunicable diseases [50] in low-resource countries
matchesthat in high-income countries. However, the competing
demands for resources as well as psychosocial and economic
contextua factorsin low-income countries must be considered
by researchers and program planners intending to conduct
similar studies in such countries; for instance, in low-income
contexts and settings characterized by marked inequity in
society, unequal resource distribution in communities and
schools may threaten disproportionate rollout  of
classroom-based interventions. In addition, theinterdepartmental
collaboration required to roll out classroom-based health
programs at sites managed by departments of education is not
guaranteed in resource-scarce settings [51]. Given that all
included studies were conducted in high-income countries, the
generalizability of our review's findings may be limited in
resource-scarce countries.

A previous systematic review of school-based SB interventions
[23] included intervention programsthat incorporated strategies
that extended beyond the confines of the classroom. These
differences are noteworthy because reducing discretionary and
nondiscretionary SB may require different intervention strategies
[28]. In addition, our study included classroom-based
interventions aimed at improving spinal health. The common
pedagogical approaches between SB and spinal health studies
included in our review (ie, teacher training; the use of an
education and training program delivered by the teacher,
researchers, or the use of posters; and changing the physical
environment of the classroom using alternative classroom
furniture or dynamic sitting equipment) are strategies common
to both SB and spinal health studies included in our review.
Owing to their potential benefits, combining SB and spinal
health intervention strategiesto create an impact on both health
outcomes may be a cost-effective approach for low-resource
settings. The commonality between SB and spinal health studies
isnot surprising given thelikely common root problem, namely
the accrual of prolonged periods of static sitting in schools[52].
Given the pervasiveness of prolonged classroom sitting and its
dual harmful associationswith metabolic syndrome and adverse
loading patterns of spinal structures, our review provides
supportive evidence for the effectiveness of bimodal
classroom-based interventions to address both these health
outcomes.

All 3 spinal health studies [42-44] included a classroom-based
back education program, which included information about the
structure and function of the spine during sitting and standing
postures as well as functional spinal movement. These back
education programs proved effective in producing statistically
significant improvement in functional back behavior inthelong
term. This once more provides evidence for the effectiveness
of classroom-based spinal health interventions. Given that both
SB and spinal health interventions comprised classroom-based
training via teacher-delivered presentations and educational
posters or stickers, there may be potential to combine the SB
and spinal health messages to address these related health
concerns as part of a single, combined intervention strategy.
Our study shows promising findings for researchers and health
program planners considering implementing school-based
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interventions that do not require resources beyond the confines
of the classroom environment or that may be a burden to the
home environment. The relatively small resource footprint of
effective classroom-based interventions is preferred in
resource-constrained contexts. Programs with limited resource
footprint may also improve sustainability [25].

Strengths and Weaknesses of Included Studies

A strength of our review isthe inclusion of objectively reported
and measured SB studies, thus eliminating the risk of over- or
underestimation owing to participant recall. Another strength
isthelong-term reporting of spinal health outcomes. A weakness
of the SB studieswasthe variability of the units of measurement,
making it difficult to pool the dataand conduct a meta-analysis
of the intervention effects. High levels of heterogeneity in
meta-analysislimitsthe utility of the study findings. A weakness
of the spinal health studieswasthat although sitting posture and
spinal behavior formed part of the back education interventions,
intervention effect on sitting posture and behavior made up a
small component of the outcome measures used. Furthermore,
the functional assessment outcomes were nonstandardized and
incongruent with typical classroom behavior. The use of
standardized functional assessment outcomes in future studies
will improve cross-study comparison.

Study Limitations

The first limitation of our study pertains to the search strategy
used for the different electronic databases. Although we made
use of the PubM ed database capabilities such as searching using
Medical Subject Headings, the full search capabilities of the
other 3 databases were not optimized. This may have resulted
in missing relevant studies that may have influenced the results
of our review and meta-analysis. However, a recent search of
the PubMed database yielded results that were similar to those
of our initial search. Second, this study is limited by the fact
that all the included studies were set in high-income countries.
Thus, the findings are not generalizable to low- and
middle-income countries. This is particularly pertinent given
the relatively expensive SB intervention of height-adjustable
sit-stand desks. Third, our study is limited by the inclusion of
experimental study designs, which are associated with increased
risk of bias. Given the small number of studies found that
conducted classroom-based interventions, studies were not
excluded based on methodological quality. The need for
evidence on the effectiveness of classroom-based interventions
in this emerging field was prioritized over the inclusion of
studies with less inherent bias.

Conclusions

The findings of our study suggest that classroom-based
interventions may be effectiveinimproving SB and spinal health
outcomes without placing a burden on space, equipment, or
staff beyond the classroom setting. Our findings show significant
effects on spinal health outcomes and positive trends in SB
outcomes, although the overall effect was only significant in
the medium term. Effective classroom-based interventions can
thus potentially be considered by researchers, clinicians, and
program planners wanting to develop classroom-based
interventions in resource-constrained environments. Future
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studies to advance interventions aimed at improving SB learners hedonic motivation to sit during class and use
outcomes must include strategies to overcome teachers and  appropriate sampling methods and justified sample sizes.
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Abstract

Background: Enhancing the educational experience provided by ward rounds requires an understanding of current perceptions
of the educational value of rounds.

Objective: This systematic review examines perceptions of education in ward rounds, educational activities in ward rounds,
barriers to learning, and perceptions of simulation-based ward rounds.

Methods: The 2020 PRISMA (Preferred Reporting Itemsfor Systematic Reviews and M eta-Analyses) guidelineswerefollowed.
MEDLINE (EBSCO), Cochrane, and Scopus were searched on May 29, 2022, for studies assessing learning during ward rounds.
The search terms included “ward rounds,” “education,” and “trainees” Then, the selected articles were reference searched. In
total, 354 articles were retrieved. The articles were assessed for eigibility by 2 independent reviewers who screened titles,
abstracts, and full-length texts. Articles addressing trainees’ education in all ward rounds were included. Articles were excluded
if they were specific to certain disciplines, were reviews, were not published in scholarly journals, were published before 2015,
were published in languages other than English, or did not concern human participants. Following the removal of 63 duplicates,
atotal of 268 articles were excluded. The risk of bias within the selected articles was also assessed via the Critical Appraisal
Skills Programme checklist for qualitative research. Qualitative data were used to describe results in anarrative synthesisand in
tables.

Results: A total of 23 articles wereincluded. Perceptions of teaching in rounds were addressed by 6 studies, of which 3 showed
negative perceptions among participants, 2 reported ambivalent perceptions, and 1 showed positive perceptions. Perceived barriers
to teaching during rounds were assessed by 7 studies. The reported barriers included time constraints, workloads, schedules,
interruptions, the service-oriented nature of rounds, the lack of feedback, hierarchies, the lack of opportunities to ask questions
and be engaged in patient management, and divergent learner needs. Further, 8 studies identified types of educational activities,
including observation, patient-specific teaching, and discussion. Perceptions of learning through simulated ward rounds were
assessed by 8 studies, and a consensus of satisfaction was noted among learners. The interventions that were explored to improve
education included using teaching frameworks, involving clinical librarians, and changing the setting of ward rounds.

Conclusions: The main limitations of this review are the predominant use of qualitative data in the included articles and the
lack of standardization for the educational compositions of ward rounds among articles, which made the articles hard to compare.
In conclusion, learning opportunitiesin ward rounds are often missed, and trainees perceive roundsto have low educational value.
It is important to recognize the barriers to education during ward rounds and address them to maximize the benefits of ward
rounds. Finally, there is aneed to devel op plans that incorporate teaching regularly during ward rounds in the inpatient setting.

Trial Registration: PROSPERO CRD42022337736; https.//www.crd.york.ac.uk/prospero/display_record.php?RecordID=337736

(Interact J Med Res 2022;11(2):e40580) doi:10.2196/40580

KEYWORDS

education; learning; rounds; trainee; ward rounds; medical education; simulation-based learning; digital health; digital learning;
education intervention
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Introduction

Khalaf & Khan

Methods

Ward rounds are conducted by teams of health care practitioners
to review, assess, and manage patients in an inpatient setting,
visiting each patient in order at their bedside. Ward rounds also
represent an opportunity for trainees to learn and enhance their
clinica and interpersonal skills [1,2]. The educational
component of roundsisimpacted by workloads, time constraints,
and physicians teaching attitudes and practices [3]. This has
resulted in predominantly negative perceptions of the
educational value of ward rounds[4,5]. Therecognition of ward
rounds as an educationa platform has resulted in initiatives,
such as simulated ward rounds, that aim to enhance the
educational opportunitiestypically gained through ward rounds.

Enhancing the educational experience provided by ward rounds
requires an understanding of current perceptions and
experiences. This review examines perceptions of the
educational value and content of ward rounds and the
interventions that have been explored to optimize education in
ward rounds.

Table 1. Search strategy for MEDLINE (EBSCO)2

Study Design

This systematic review followed the 2020 PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [6]. This review was registered in PROSPERO (1D
number: CRD42022337736).

Search Strategy

MEDLINE (EBSCO), Cochrane, and Scopus were searched on
May 29, 2022, for studies examining the educational value of
ward rounds. The search terms used included “ward rounds,”
“rounds,” “teaching,” “education,” “learning,” “junior,” and
“trainee” Search limiters were added to narrow the search; the
limiters included publications in scholarly (peer-reviewed)
journals, English-language articles, human studies, and a date
of publication ranging from 2015 to the date of the search. The
search was restricted to papers published from 2015 to the date
of the search in order to ensure that recent trends in teaching
and education in wards were identified. Table 1 shows details
on the search terms.

String number Search strings Results, n
String 1 “ward rounds” OR*“ rounds’ 90,462
String 2 “teaching” OR*“ education” OR* learning” 1,924,938
String 3 (strings 1 and 2) (“ward rounds’ OR“rounds’) and (“ teaching” OR*“ education” OR*“ learning” ) 9316
String 4 “traineg” OR“junior” 81,722
String 5 (strings 3 and 4) (“ward rounds’ OR “rounds’) AND (* teaching” OR*“ education” OR“learning”) AND (“ traineg” 579
OR*“junior”)
String 6 (strings 3 and 4) (“ward rounds’ OR “rounds’) AND (“teaching” OR " education” OR " learning”) AND (“ trainee” 291

OR*“junior™)

_imiters: scholarly (peer-reviewed) journals, adate of publication ranging from 2015 to 2022, English-language articles, and human studies.

Inclusion and Exclusion Criteria

Articles addressing trainees’ education in all ward rounds were
included. Articles were excluded if they did not relate to
education during ward rounds, were specific to certain
disciplines, were reviews, were not published in scholarly
journals, were published before 2015, were published in
languages other than English, or did not concern human
participants.

Data Extraction and Reporting

Two independent reviewers assessed articles for eligibility. In
cases of disagreement, discussions were sufficient for reaching
an agreement. No third-party review was needed to resolve
discrepancies. After excluding articles, the number of remaining
relevant articles was reduced by specifying search limiters.
Articles were then excluded based on reading the abstracts and
titles. A search of thereferencesin the selected articleswas also
performed. Next, full textswere read to assess articles' relevance
to the selected topic. Afterward, reference searching was
performed to identify more articles. Qualitative data on the
following themes were extracted: perceptions of the educational

https://www.i-jmr.org/2022/2/e40580

value of ward rounds, perceived barriers to teaching and
learning, types of educational activities, perceptions of
simulation-based ward rounds, the impact of trainee
characteristics on the educationa experience provided by
rounds, and interventions and solutions that were explored to
improve learning during ward rounds. The participants’ views
and reported outcomes were expressed as percentages.

Quality Assessment of Studies

The quality of the evidence presented in the selected articles
was assessed via the Oxford Centre for Evidence-Based
Medicine levels of evidence [7]. The risk of bias within the
selected articles was also assessed via the Critical Appraisal
Skills Programme (CASP) checklist for qualitative research [8].
For conflicts related to the quality assessment of the studies, a
discussion was held between the two authors of this paper, and
a final rating was determined. No third party was needed to
resolve any conflicts.
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exclusion of 261 articles. The remaining 30 full-length articles
were read, and 7 additional articles were excluded. Exclusion
details are outlined in Figure 1. One article was identified by

reference searching the selected articles. A total of 23 articles
were included in this review (Figure 1 and Table 2).

Results

Search Results

A total of 354 publications were retrieved. Studies were sorted
by relevance. After removing duplicates, titles and abstracts

were screened to assess eligibility, which resulted in the The themes pertaining to education in ward rounds were

identified (Table 3).
Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
[ Identification of studies via databases and registers
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Referance searching (n=1)
|
R
R d d Records excluded by litle and
@Cor Escruann N sberact
i2en (n=261)
Reports sought for retrieval = Reports not retreved
@ (n=30}) g (n=0}
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Table 2. Included studies.

Khalaf & Khan

Study (authors, year published) Study type OCEBM?evidence level
Geeet al [9], 2015 Audit 2C
Harvey et a [10], 2015 Nonrandomized crossover trial 2B
Laskaratos et a [11], 2015 Cross-sectional observationa study 3
Piquette et al [12], 2015 Prospective observational study 2C
Powell et a [13], 2015 Pre-post study 2B
Thomas[14], 2015 Cross-sectional observational study 3
Herrmann et al [15], 2016 Observational study 4
Laskaratos et a [5], 2016 Cross-sectional observational study 3
Rabinowitz et al [16], 2016 Qualitative study 3
Merritt et al [17], 2017 Cross-sectional observational study 3
Beck et a [18], 2018 Prospective observational study 2C
Gray and Enright [19], 2018 Cross-sectional observational study 3
Morgan et a [20], 2018 Pre-post study 2B
Rao et al [21], 2018 Multiarm pre-post study 2C
Somasundram et al [22], 2018 Experimental study 2C
Goodrich et a [23], 2020 Nonrandomized trial 3
Levineet a [24], 2020 Prospective mixed methods 2C
Spence et a [25], 2020 Nonrandomized trial 3
Gray et a [26], 2020 Observational study 4
Armendariz et a [27], 2021 Prospective observational study 2C
Khan et a [28], 2021 Cross-sectional observational study 3
Modak and Gray [29], 2021 Qualitative study 3
Solomon et al [30], 2021 Randomized controlled trial 2B

30CEBM: Oxford Centre for Evidence-Based Medicine.
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Table 3. Themes pertaining to education during ward roundsin each article.

Articles (authors, year) Perceptions of the  Perceived barri- Typesof edu-  Perceptions of Impact of Interventions explored to
educational value  erstoteaching cational ac- simulation-based traineecharac- optimize education in
of ward rounds and learning tivities ward rounds teristics ward rounds

Laskaratos et a [5], 2016 na O O

Geeet al [9], 2015

Harvey et al [10], 2015

Laskaratos et a [11], 2015 ad ad

Piquette et a [12], 2015 O
Powell et al [13], 2015

Thomas[14], 2015

Herrmann et a [15], 2017 ad
Rabinowitz et al [16], 2016 O O

Merritt et al [17], 2017) O

Beck et al [18], 2018 O

Gray and Enright [19], 2018 ad ad

Morgan et a [20], 2018

Rao et a [21], 2018

Somasundram et al [22], 2018

Goodrich et a [23], 2020 ad
Levineet al [24], 2020 O

Spence et a [25], 2020 O

Gray et al [26], 2020 O
Armendariz et a [27], 2021 ad

Khan et al [28], 2021 O O O

Modak and Gray [29], 2020 O O O O

Solomon et a [30], 2021 O

80 indicates the studiesincorporated the relevant theme(s) mentioned in the header.

. . controlled trial. The details of the other study types can befound
Quality Ass&sment' of Studies _ _ in Table 2. The risk of bias was assessed based on the CASP
Of the 23 included studies, 6 were cross-sectional observational  checklist for qualitative research. In general, most papers (19/23,

studies, 4 were prospective observational studies, 2 were 83%) had alow risk of bias, per our assessment. The findings
pre-post studies, 1 was an audit, and 1 was a randomized  of this assessment can be found in Figure 2.
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Figure 2. Risk of bias assessment [5,9-30].
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Per ceptions of the Educational Value of Ward Rounds

A total of 6 studies assessed perceptions of teaching in rounds
[5,11,18,26,28,29] (Table 3). For this review, perceptions of
education in rounds were considered positive, ambivalent, and
negativeif such education was considered acceptable by at |east
55% of the respondents, by 50% to 54% of respondents, and
by less than 50% of the respondents, respectively. In 3 of the 6
studies, participants had negative perceptions of the educational

hittps:/Www.i-jmr.org/2022/2/e40580

XSL-FO

RenderX

! Unsure . No

value of rounds [5,11,18]. Beck et a [18] conducted an
observational study that objectively demonstrated that teaching
only occurred in 29% of patient encounters. In addition, 2 of
the 6 studies reported an ambivalent perception of education.
However, Gray and Enright [ 19] reported adiscrepancy between
the education received and the education desired by trainees;
this study relied on a mixed methods approach, using
guestionnaire-based perceptions as well as observations.
Similarly, Khan et a [28] found that trainees perceived rounds
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as service oriented and considered them to be “ businessrounds.”
One study reported positive perceptions of educational
opportunities among participants. Their perceptions of the
educational value of rounds were congruent with consultants
engagement in education, trainees initiative in seeking
feedback, and organizational constraints [29].

Perceived Barriersto Teaching and L earning

A total of 7 studies assessed perceived barriers to teaching
during rounds [5,11,16,19,27-29]. Textbox 1 provides details

Textbox 1. Perceived barriers to teaching and learning during rounds.

Khalaf & Khan

on the perceived barriers in each study. There were many
barriers mentioned; however, arecurring theme was noted—time
constraints[11,16,28,29]. Although ward rounds are recognized
as educational opportunities, teaching during rounds may
increase the time needed to conduct rounds. Moreover,
interruptions[11,27] have been noted as another common barrier
to effective ward rounds. The potential educational aspect of
ward rounds is why they are beneficial to trainees; however, it
has been noted multiple times that the service-oriented nature
of rounds [5,11,28] diminishes this educational element.

Laskaratoset al [11], 2015

o  Time constraints

«  Workload

« Interruptions

«  Service-oriented nature of rounds (competing administrative tasks)
«  Sparsity of feedback

Laskaratoset al [5], 2016

«  Service-oriented nature of rounds

Gray and Enright [19], 2018

«  Hierarcha nature of rounds (consultant-led rounds)

«  Limited opportunities for trainees to be involved in setting management plans

«  Limited opportunitiesto ask questions

Khan et al [28], 2021
«  Time constraints
o Thenumber of patients (workload)

o  Service-oriented rounds

Modak and Gray [29], 2020

o  Timerestrictions

«  Workload

o  Schedules

o  Clerica duties

»  Hesitancy to provide feedback

«  Consultants' willingness to teach

o Trainees initiative to ask for feedback

Armendariz et al [27], 2021

« Interruptions during rounds (eg, interruptions by nurses, consultants, and workers from other disciplines; phone cals; and personal interruptions)

Rabinowitz et al [16], 2016
o Timerestraints
o  Limited working hours

« Vaiationsin participants needs

https://www.i-jmr.org/2022/2/e40580
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Impact of Trainee Characteristics

One study addressed the impact of trainees' characteristics on
their perceptions of the educational value of rounds. Modak and
Gray [29] found that trainees’ traits influenced their learning;
these included the initiative to seek feedback, ask consultants
questions, and self-reflect. However, trainees’ willingness to
take initiative was influenced by their concerns about
consultants’ expectationsfor their knowledge. Furthermore, the
trainees’ states also impacted their learning; the trainees’ states
reflected their uncertainty about their knowledge baseline and
clinical assessments, as well as their preexisting workloads
(clerical responsihilities) and cognitive overload. In addition to
the trainees, some registrars were also unwilling to teach
residents due to their lack of confidencein their knowledge.

Types of Educational Activities

A total of 8 studies mentioned learning activities during ward
rounds [5,12,17,18,24,28,29] (Table 3). In Laskaratos et al’s
[5] 2016 study, senior trainees found rounds useful for learning
higher-order skills, such as difficult decision-making. However,
senior trainees thought that there were limited opportunitiesto
learn about clinical assessments and gain medical knowledge.
Beck et al’s[18] study emphasized medical discussions during
rounds as a method of teaching through modeling and
observation. The most discussed topic was* cancelling low-value
laboratory investigations, therapies, or limiting parameters
monitored,” followed by “developing a patient-centered plan.”
These topics were discussed in 8% and 7% of encounters,
respectively. Merritt et al [17] examined the teaching methods
that have been used during rounds and ranked physicians as
teachers. Physicianswith better teaching ratings performed more
patient-specific teaching, discussed general medical topics, and
provided trainees with feedback. In Khan et al’s [28] study,
participants identified the elements that can be best |earned
during rounds in descending order, as follows: investigation,
management, patient history taking, and patient examination.
Furthermore, Modak and Gray [29] identified different didactic
strategies, which included ceasing teaching opportunities,
performing case-specific reflections, highlighting important
information, teaching while having a casual coffee break
following rounds, and having consultants explain their rationales
and guide residents in making decisions. Levine et al [24]
analyzed teaching points related to patient safety; the points
weretaught through verbal conversations pertaining to inpatient
and discharge safety, diagnostic safety and the prevention of
errors, medication and procedure safety, communication, and
hospital-acquired infections. Theverbal patient safety messages
were presented as statements (medical orders), inquiries, or
factual reaffirmations and reminders. Additionally, Piquette et
al [12] explored 2 approaches for teaching in rounds. The first
approach was “in series’ teaching, which involved a structured
session that focused on education that was not interrupted by
providing careto patients, whereasthe second approach involved
highlighting quick learning points for residents “in parallel”
with caring for a patient. The advantages of the “in series’
approach included providing structured teaching and an
opportunity to focus on trainees’ individual learning needs,
whereasthe“in parald” approach allowed the educational focus
to revolve around the cases encountered. Finally, in a study by
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Rabinowitz et a [16], residents identified different learning
points from rounds, as follows: deriving differential diagnoses
and management plans, conducting physical examinations,
practicing presenting patients conditions to colleagues,
communicating plans to patients, and understanding the
importance of professionalism.

Per ceptions of Simulation-Based Ward Rounds

Perceptions of learning through simulated ward rounds were
assessed by 8 studies [9,10,13,14,20-22,25] (Table 3). All
studies reported good perceptions and a general consensus of
satisfaction with simulated ward rounds among learners. The
use of simulation was useful in highlighting skillsthat learners
can improve [10,14,21,22,25], as well as improving learners
perceived preparedness and confidence [9,13,14,20,25]. Spence
et a [25] reported that participants noticed that simulation
sessions helped them recognize the importance of clinical
handover and improve their communication, situational
awareness, teamwork skills, and ability to make decisions.
Furthermore, simulation-based practice has been proposed to
train residents when novel round approaches, such as
family-centered rounds, are used in some pediatric departments
[21].

I nterventions Explored to Optimize Education in Ward
Rounds

A total of 4 studies addressed different interventions that were
attempted to optimize residents’ educational experiencesduring
ward rounds[15,23,26,30]. Of these, 2 studies attempted to use
frameworks that involved the following four stages: planning,
implementing a teaching strategy (this can involve asking
questions, prompting reasoning, identifying themes, encouraging
evidence-based learning, and observing), observing, and ending
sessions by reinforcing learning points and participants
understanding. The aforementioned frameworks were referred
to as" set, target, inspect and close” by Gray et a [26] and “plan,
do, study, act cycles’ by Herrmann et a [15]. The teaching
strategy explored by Herrmann et al [15] involved incorporating
aclinical librarian in rounds to promote information seeking
and encourage trainees to raise relevant clinical questions and
use evidence-based practices. These frameworks were well
perceived by consultants and rendered educational activities
that were explicit and engaging for team members. These
strategies were al so advantageous because they were congruent
with usual rounds and did not consume additional time[15,26].
Furthermore, 2 of the 4 studies investigated the impact of
changing the setting of ward rounds on residents' educational
experiences [23,30]. Solomon et a [30] compared rounds
conducted at patients' bedsideswith hallway rounds; they found
that hallway rounds were perceived to be superior in terms of
efficacy and the education rendered. Moreover, Goodrich et al
[23] compared hallway rounds to a novel “conference room
rounding style.” Conference room roundswere roundsthat were
performed while sitting in a conference room and involved all
of the concerned interdisciplinary stakehol ders (eg, physicians,
nurses, pharmacists, dietitians, and social workers). Goodrich
et al [23] found that conference rounds were associated with
greater efficacy, education, and family involvement when
compared with hallway rounds.
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Discussion

Overview

Daily ward rounds are conducted to assess patients’ status and
progress throughout their hospital stay and devise management
plans accordingly. They provide a great opportunity for trainee
doctors to learn. However, the educational component of ward
rounds remains an underresearched field; this review was
conducted to explore the existing research on this topic.

During rounds, attending physicians can highlight elements of
clinical assessments, communi cation, management, general and
evidence-based medical knowledge, and the decision-making
process. They may explain rationales for selected approaches,
emphasize cost-efficient options or aternatives, and tackle
patient-centered approaches. They can aso involve learners,
answer their questions, and provide feedback [17,19].

Principal Findings

This review showed that trainees views on the educational
value of rounds are predominantly negative [5,11,18].
Speculations have risen about the impact of trainee
characteristics on residents' educational attainment in ward
rounds;, Modak and Gray [29] found that trainees’ willingness
to seek feedback, ask questions, and self-reflect impacted their
learning. However, trainees’ willingness to take such initiatives
was impacted by their concerns about not meeting basic
knowledge expectations. There are many factors impeding the
teaching process during ward rounds, including time pressures,
competing administrative tasks, physicians' teaching practices,
and the consultant-led hierarchal structure of rounds[5,19]. To
address time restrictions, Eraut [31] proposed using didactic
approaches that are reactive in nature and pertain to the
educational encounters that occur at the workplace. Another
approach to teaching at the workpl ace was proposed by Hoffman
et a [32], who presented thefollowing options: reflecting during
the encounter itself (“reflection-in-action™) and reflecting after
the encounter  (“reflection-on-action”).  Theoretically,
considering these options can help learners and educators
overcomethe system-rel ated barriersto education during rounds.
Moreover, smulated ward rounds al so present alternate learning
opportunities. These simulations have been shown to increase
confidence, preparedness, and the awareness of potential
hospital-based challengesamong learners[9,10,13,14,20]. Other
interventions have also been explored, including using
frameworks that involve planning, doing activities, receiving
feedback, and identifying learning points. In 2 studies, the use
of frameworks helped consultants incorporate teaching into
rounds and not consume additional time that could have
interfered with their schedules [15,26]. Furthermore, a study
that compared residents educational experiences in bedside
rounds to those experiences in hallway rounds found that
hallway rounds were associated with better learning experiences
[30]. Another study compared hallway rounds to conference
rounds. Conference rounds were conducted while sitting in a
conference room; they were multidisciplinary rounds that
involved a clinical librarian to encourage evidence-based
learning. Conference rounds had a higher degree of efficacy
and provided a better educational experience [23].
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Comparison to Prior Work

Over the years, the educational value of teaching at the bedside
has been commended, as it has been linked to increased
information retention [33]; a better understanding of
individualized patient management [34]; and more precise
differential diagnoses following clinical assessments, which
result in fewer unnecessary services [34,35]. The types of
educational activities that have been performed at patients
bedsides include activities for eliciting physical findings based
on patient histories and physical examinations [33,34],
demonstrating skills under supervision [36], and enhancing
communication skillsaswell as professionalism [34]. Moreover,
older studies identified barriers to bedside teaching, such as
time constraints, the fear of causing discomfort to patients,
distractions, [33,34,36], obstaclesto infection control, increased
reliance on investigations[34], and thelack of educator training
for physicians [35]. Some solutions that were previously
proposed by the literature are preparing patients and trainees
prior to commencing rounds, assessing junior trainees
educational needs, changing clinicians' attitudes toward
teaching, and all ocating educational tasksamong team members
[33,36,37].

An article by Kim et a [38] compiled different educational
strategies that can be used to improve bedside teaching; 4 of
these strategies can be applied to ward rounds. Thefirst strategy
was creating alearning culture through role modeling by more
senior physicians, rewarding teaching, and encouraging teaching
by nurturing leadership development skills. As a part of role
modeling, more senior physicians can role model features of
humility, the acknowledgement of knowledge deficiencies, the
act of asking colleagues for help, self-correction, and the act of
apologizing when amistake is made. The second strategy Kim
et a [38] suggested was scaffolding, which means providing
trainees with the assistance they need to perform a task and
gradually withdrawing the assistance provided until traineesno
longer need help performing the task. The third suggested
strategy was using the 1-minute preceptor model, which is
composed of the following components. committing to a
diagnosis, providing reasoning, providing feedback about what
was donewell, and guiding learners on how to handle mistakes
and omissions. Through thismodel, ateacher can tailor teaching
content to the gaps identified in learners’ approaches [38,39].
Thefourth strategy that can be used isidentifying learning points
from encounters and encouraging further reading on these points
by assigning short, casual, 5-minute mini-presentations [38].
Another article by Ratnani et al [40] emphasized theimportance
of bridging the gap between superficial book-learned knowledge
and conceptual practical knowledge. Some of the strategiesthey
brought up were aiming to gradually build up trainees
knowledge, simplifying principles, simplifying knowledge, and
comparing and contrasting knowledge.

It isimportant to recognize ward rounds as missed educational
opportunities. This could be addressed by setting plans to
incorporate teaching during rounds to make them more learner
centered. This would involve physicians planning to engage
trainees in the assessment and management of patients while
also providing trainees with feedback. This can be followed up
by assessing learners’ perceptions of the teaching methods used
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and the aspects they find most useful via anonymous surveys
or quality assessment audits.

Strengths and Limitations

One of the strengths of this review is that it sought the most
recent information on teaching during ward rounds. This is
because trainees’ current perspectives would not be masked by
the changesin the educational content of ward rounds over time.
Furthermore, this review addresses an underresearched topicin
theliterature and highlightsthistopic'simportance. Thisreview
also haslimitations. The content that thisreview assesses, which
includes perceptions, is mainly qualitative in nature, and some
of the included articles derived results from a qualitative
synthesis, which is suboptimal. Furthermore, there has been no
aggregation or standardization for the educational composition
of ward rounds, which made the articles difficult to compare.
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Finally, many of the interventions that have been attempted
have not been studied further to adequately assesstheir efficacy
and reliability.

Conclusion

Despitethe potential that ward rounds demonstratefor providing
education, learning opportunities are often missed. In many
articles (3/6, 50%), trainees perceived rounds to have low
educational value. The perceived barriers to teaching during
rounds were time constraints and the hierarchal structure and
service-oriented nature of rounds. However, simulated ward
rounds have been associated with improvements in the
confidence and preparedness of learners. There is a need to
develop plans that incorporate teaching regularly during ward
roundsin the inpatient setting.
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Abstract

Background: Despite numerous empirical studies and systematic reviews conducted on the effectiveness of interventions
improving psychological well-being, thereis no holistic overview of published systematic reviewsin thisfield.

Objective: This bibliometric study explored the scientific patterns of the effectiveness of different psychosocial interventions
improving well-being among various categories of individuals with mental and physical diseases, to synthesize well-being
intervention studies, and to suggest gaps and further studies in this emerging field.

Methods: The bibliometric analysisincluded identifying the most productive authors, institutions, and countries, most explored
fieldsand subjects of study; most active journals and publishers; and performing citation analysis and analyzing publication trends
between 2014 and 2022. We focused on data retrieved from known databases, and the study was conducted with a proven
bibliometric approach.

Results: Intotal, 156 studieswere found concerning the research domains and retrieved using LENS software from high-ranking
databases (Crossref, Microsoft Academic, PubMed, and Core). These papers were written in English by 100 authors from 24
countries, among which, the leading country was the United Kingdom. Descriptive characteristics of the publications involved
an increased number of publicationsin 2017 (n=35) and 2019 (n=34) and a decreased number in 2021 (n=4). The top 2 leading
authorsby citation score are James Thomas (3 papers and 260 citations) and Chris Dickens (3 papers and 182 citations). However,
the most cited study had 592 citations. BMJ Open (n=6 articles) istheleading journal inthefield of medicine; Clinical Psychology
Review (n=5), in psychology; and Frontiers in Psychology, in psychological intervention (n=5) and psychology (n=5). The top
2 publishers were Wiley (n=28) and Elsevier (n=25).

Conclusions; This study indicates an overall interest in the declared domains within the last decade. Our findings primarily
indicate that psychosocia interventions (Pls) were evaluated as being effective in managing mental and physical problems and
enhancing well-being. Cognitive behavioral therapy was assessed as being effectivein treating anxiety, psychoeducation in relapse
prevention, and gratitude interventions in improving overall health, and the mindfulness approach had a positive impact on
decreasing distress and depression. Moreover, al these intervention types resulted in an overall increase in an individuals
well-being and resilience. Integrating socia and cultural factors while considering individual differencesincreases the efficiency
of Pls. Furthermore, Plswere evaluated as being effective in managing symptoms of eating disorders, dementia, and cancer. Our
findings could help provide researchers an overview of the publication trends on research domains of focus for further studies,
since it shows current findings and potential research needs in these fields, and would also benefit practitioners working on
increasing their own and their patients' well-being.

(Interact J Med Res 2022;11(2):41456) doi:10.2196/41456
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Introduction

Background

The effectiveness of available interventions for improving
well-being is one of the mgjor research questionsthat scientists
and practitioners are exploring nowadays. Psychoeducational
interventions were evaluated as effective in increasing
compliance and preventing relapse among family carers of
individualswith psychosis[1]. The gratitude interventions have
asignificant impact on individuals' physical and mental health
[2]. Despite small numbers and low-quality data, some of them
supported the efficiency of acceptance and commitment therapy
in parenting of children with long-term conditions, seizure
control in epilepsy, psychological flexibility, and
self-management [3]. CBT was considered effective in the
treatment of anxiety among individualswith asthmarather than
treatment of the illness itself [4]. Carolan et a [5] stated no
significant difference between studies using cognitive behavioral
therapy and those using other psychological interventions.

A systematic review on mindfulness approach highlighted
positive personal experiences and professional benefits among
participants, such as reinforcement of their clinical skills and
attitudes [6]. Mindfulness meditation resulted in positive
outcomesin relation to distress, burnout, and depression among
health care professionals[ 7], overall increasein staff well-being
and resilience [8], along with a decrease in distress and blood
pressure [9]. Evidence presented in a systematic review by
Alsubaie et a [10] suggests increased effectiveness of
mindfulness-based cognitivetherapy. Duarte et al [11] identified
and evaluated economic evidence for mindfulness meditation
in improving mental health and stated inadequate data to
generalize the findings.

The socia and cultural factors need to be incorporated into the
design and implementation of interventions to increase their
efficiency [12]. In addition, possessing skillsthat allow attitude
change, adjustment of the content to the target group, and
matching the gender and ethnicity of the person delivering the
intervention and the recipient are considered significant factors
[13]. However, individual differences should be considered an
influential determinant in a psychological intervention's
efficiency [14]. A multicomponent psychosocial intervention
(P1) was evaluated as being effective in improving cognitive
functioning, socia interaction, and well-being [15] and in
decreasing pain [16] among patientswith dementia. A systematic
review by Shen et a [17] supports the effectiveness of Pls
combined with family-based models, education, supportive
servicesfor caregivers, and abuse of older individuals. Another
study suggested that physical activity is positively correlated
but sedentary behaviors are negatively associated with
psychosocial well-being in early childhood [18]. Delivering
positive experiences, destigmatization, and use of a
person-centered approach are recommended for effectively
treating dementia [19]. However, a systematic review on the

https://www.i-jmr.org/2022/2/e41456

effectiveness of psychological interventions supporting patients
with cancer in increasing their life quality stated insufficient
datato claimits efficiency [20].

A combination of internal and external factors enables carers
of patients with a cancer diagnosis to experience positive
emotions [21]. A “Schwartz Rounds’ environment [22] and
interventions enhancing work engagement, including personal
resource-building, job resource-building, leadership training,
and health promotion [23], were all evaluated as being effective
in providing support to heath care staff with managing
emotional challenges at work and improving their well-being.
Graham et al [3] focused on exploring the life quality among
health care professionals hel ping patients with eating disorders,
while Narzis and Simons [24] analyzed evidence of
interventions preventing obesity among children. It has been
stated that evidence- and theory-based interventions are more
effective in promoting healthy eating habits [25]. A study on
the holistic treatment of patients with obesity reported positive
effects on awareness, health behavior, and physical activity and
led to adecrease in drinking and an increase in well-being and
self-efficacy [26]. The negative impact of stigma on
psychologica well-being among patientswith ED wasreported
in a mixed methods systematic review by O’ Connor et a [27].

A systematic review by Attwood et al [28] appraised the
interventions for health care professionals to improve their
negative attitudes toward personality disorders. Vereenooghe
et a [29] investigated the effectiveness of psychological and
pharmacologica interventions for mental health problems
among individuals with severe intellectual disabilities.
Merkouris et a [30] recognized the significant predictors (eg,
being employed, no gambling debt, and personality traits),
unclear predictors (eg, treatment goal), and nonsignificant
predictors (eg, education, income, anxiety, substance use, etc)
for disordered gambling.

The multilevel parenting intervention program showed its
positive impact at each level, resulting in an improvement of
well-being among children, parents, and families[31]. Theidea
of using Pls with adoptive parents [32] and evidence-based
parenting interventions [33] are effective for enhancing
children’swell-being. Peters et al [34] suggested that the areas
related to the parents’ perception of infants mental health are
important. It has been shown that parental interventions decrease
maternal depressive symptoms [35] and can be positively
associated with educational, health, and well-being effects as
well as economic benefits [36].

To sum up, many recent studies suggested that psychological,
social, digital, and other interventions are effective approaches
in increasing an individuals well-being. However, there is no
overview of available systematic reviews and meta-analyses,
which synthesized the analyzed qualitative and quantitative
studies in the indicated research domains. This bibliometric
study is aimed to analyze the objectives and synthesize the
findings of identified systematic reviews on the effectiveness
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of different Pls directed on increasing well-being among
children, adults, and professional staff experiencing a physical
or amental illness.

Purpose of the Study and Research Questions

The primary purpose of this study is to explore scientific
publication patterns in systematic reviews encompassing
research domains of Pls and well-being. This study also aims
toreveal the contribution of scientific knowledge by highlighting
the contributions, gaps, and direct potential further studies.
Based on the research objectives and scope, the following
research questions have been formulated: (1) What are the
descriptive characteristics of publication results? (2) Who are
the most productive authors or coauthors, and what are their
institutions and fiel ds of study? What are the citation results of
those authors? (3) Which organizations, countries, sources, and
publishers contribute to the research area? (4) What are the
results of keyword analysis of the publications?

Methods

Bibliometric Study

Thebibliometric study providesthe opportunity for researchers
to investigate existing scientific patterns, trends, and associations
in searched domains and interrelated fields over identified
publication data. For bibliometric analysis to be successful, it
requires astructured database with the appropriate datathat will
allow the researchers to answer the aforementioned research
questions [37-43].

Bibliometrics uses statistical methods to analyze scholarly
publicationsin a wide spectrum such as peer-reviewed journal
articles, e-books, conference proceedings, periodicals, reviews,
and reports. The bibliometric study, asamethod, offersarange
of tools for analyzing both, empirical studies and literature
reviews [39-45]. In this study, the author employed descriptive
publication results, author or coauthor, institutions and country
productivity, source and publisher productivity, and most
common MeSH (Medical Subject Headings) and keyword
analysis [40,43,44].

Data Collection and Extraction

An efficient bibliometric study requires a well-structured
databaseto analyze available and relevant publication data. The
main bibliometric databases available for this paper are Crossref
(n=156 papers), Microsoft Academic (n=151), PubMed (n=156),
Core (n=147), and PubMed Central (n=79). All databases have
their citation count categories. Thus, publication data were
retrieved from the aforementioned reputed databases with the
following search strategy. The search time frame was 2014 to
2022, sincethere were no rel evant publicationsindicated before
2014. We included only systematic reviews (n=156) with the
following search query: positive AND (psychology AND
(interventions AND well-being)).

The abovementioned search criteria were conducted, and the
data were retrieved as plain .txt and excel .csv file formats for
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further analysis. The Microsoft Excel and Lensplatform (version
7.4) software with the “bibliometrix” package was used for
descriptive and bibliometric data analysis.

Bibliometric datawere obtained by first identifying all extracted
articlesin the Lens databases [46]. To ensure accuracy, results
from acomprehensive Lens search of al papers published from
2014 to 2022 were cross-referenced and matched between the
highly ranked databases (Crossref, Microsoft Academic,
PubMed, PubMed Central, and Core). The discrepancy between
the total numbers in each database was checked manually. No
duplication or missing studies were identified; thus, accurate
matching was accomplished. The resultant list from Lens
software was exported into a Microsoft Excel spreadsheet, and
the visualized data were saved as images.

Validation of the search query was based on reviewing the top
156 cited documents about Pls and well-being to ensure that
they fit within the scope of the research field. This approach
was adopted to eliminate false positive results by excluding
documents focusing on the impact of other approaches or any
document irrelevant to the explored subject.

Results

Publication Profileand Descriptive Publication Results

A total of 156 relevant publications for the identified research
domain wereretrieved from the L ens database. The paperswere
written in English by 100 corresponding authors or coauthors
from 24 different countries, where the leading country is the
United Kingdom, followed by Australia and the United States.
Descriptive characteristics of the publications show anincrease
in the number of studiesin 2017 (n=35) and 2019 (n=34) and
adecreasein 2021 (n=4). Thetop 4 fieldsto which the published
papers belong are medicine (n=84), psychological intervention
(n=80), psychology (n=62), and clinical psychology (n=43).

Distribution of Publications by Date

Figure 1 shows the dynamics of publishing papers about Pls
and well-being in different countries in 2014-2022.

Records include 2 papers in 2014, which then significantly
increased in 2016 (n=20) and 2017 (n=35). In 2018, this number
dlightly decreased (n=30), again increased in 2019 (n=34), and
decreased in 2021 (n=4) and 2022 (n=3). In 2017 (one of the
most productive years), the most productive countries were the
United Kingdom (n=15) and the United States (n=10), followed
by the Netherlands (n=5). In 2019, the United Stateswas leading
in publishing paperswithin the studied domain (n=11), followed
by the United Kingdom (n=12), Switzerland (n=6), and the
Netherlands (n=3). The United Kingdom and the United States
were productive in publishing papers on Pls and well-being
during 2014-2022. Canada was one of the most productive
countriesin 2017 (n=2) and 2020 (n=2), with atotal of 7 papers
published during the studied period.
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Figure 1. Publication records by date of publishing and most productive country (2014-2022).
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Field and Subject of Study

This research domain is categorized by the top 10 major fields
of study (out of 100 in total) with the number of published
studies. According to our results, most published papersin Pl
and well-being are related to the following fields of study:
medicine (n=84), psychol ogical intervention (n=80), psychology
(n=62), and clinical psychology (n=43). Obviously, some of
the papers were qualified to a few fields of study (see
Multimedia Appendix 1). The most often explored subjects
among published papers on Pls and well-being are psychiatry
and mental health (n=45), general medicine (n=26), clinical
psychology (n=20), general psychology (n=13), devel opmental
and educational psychology (n=12), and health informatics
(n=12) (see Multimedia Appendix 1).

M ost Productive Authorsor Coauthorsand | nstitutions

Table 1 presentsthe top 10 most productive authors by the total
number of cited papers; it aso presents the number of
publications and author productivity measured by the average
citations per published paper. The top 4 leading authors are as
follows: James Thomas with 3 published papers and 260

https://www.i-jmr.org/2022/2/e41456

XSL-FO

RenderX

M Switzerland [l United Kingdom

citations, followed by Chris Dickens with 3 papers and 182
citations, Brendon Stubbs with 2 papers and 72 citations, and
Catherine Meads with 2 papers and 53 citations. Other authors
wrote 2-4 papers and received 20 citations.

According to the obtained results, the top 10 cited articles in
the studied domain, Sanders et a [31] was the leading paper
and hasthe highest citation score (592/6847, 8.6% counts) (see
Multimedia Appendix 1).

Figure 2 shows the most productive (top 10) ingtitutions by field
of study and year of publication. The Royal Melbourne Institute
of Technology is one of the leading institutions in publishing
papers in psychological intervention (n=10), medicine (n=8),
and mental health (n=3) and in CINAHL (n=7) and PsycINFO
(n=3); King's College London, in the field of psychological
intervention (n=7) and psychology (n=5) and in MEDLINE
(n=4); and Cardiff University, in psychologica intervention
(n=6), medicine (n=6), and mental headth (n=3) and in
MEDLINE (n=3). Another leading institution is the University
of Nottingham in the fields of medicine (n=7), clinical
psychology (n=4), and mental health (n=3) and in MEDLINE
(n=6) and PsycINFO (n=6).

Interact JMed Res 2022 | vol. 11| iss. 2 [e41456 | p.228
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Shubina

Table 1. Top 10 authors by document count, sum, and average citing of scholarly works.

Author Sum of cited scholarly works, n Publications, n  Productivity (average citation per paper), mean
James Thomas 260 3 87
Chris Dickens 182 3 61
Brendon Stubbs 143 2 72
Catherine Meads 105 2 53
Chris Bonell 85 3 28
Ruth Garside 85 3 28
Colette Joy Browning 85 2 42
Claudio Di Lorito 71 4 17
Andrew Thompson 64 2 32
Alessandro Bosco 60 3 20

Figure 2. Publication records by institutions and field of study. RMIT: Royal Melbourne Institute of Technology.
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Most Productive Journals and Publishers

Figure 3 showsthe top 5 productive journal s bel onging to each
of the top 10 fields of study. According to our results, BMJ
Open (n=6) and Journal of Medical Internet Research (n=4)
areleading in the field of medicine. In the field of psychology,
themost productivejournal isClinical Psychology Review (n=5),
while Frontiers in Psychology is one of leading journals in
psychology (n=5) and psychological intervention (n=5). The
field of clinical psychology was represented by Clinical
Psychology Review (n=4) and Journal of Clinical Child &
Adolescent Psychology (n=4). BMC Psychiatry, BMJ Open,
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Journal of Mental Health, and Social Psychiatry and Psychiatric
Epidemiology are the most productive journals in the field of
mental health with 2 published papers each.

Table 2 provides data on the most productive publishers by
document count, sum, and average citing of scholarly works.
According to our results, the top 3 publishersin the domain of
Pl and well-being are Wiley (n=28), Elsevier (n=25), and
BioMed Central (n=15). However, the most cited papers were
published by Elsevier (n=2560). The 3 least productive
publishers in these domains are Multidisciplinary Digital
Publishing Institute (8 published papers and 105 citations in
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total), Frontiers Media SA (6 published papersand 101 citations
in total), and SAGE Publications (7 published papers and 168
citationsin total).

According to our results, the most productive journals are
International Journal of Environmental Research and Public
Health (7 papers; Multidisciplinary Digital Publishing Institute),
followed by BMJ Open (6 papers; PubMed), and Frontiersin
Psychology (6 papers, FrontiersMediaSA). Child: Care, Health
and Development and Journal of Advanced Nursing are the
most productive journal (4 papers; Wiley). BMC Psychiatry
and BMC Public Health (3 papers; BioMed Central) areleading
in publishing papers, while Clinical Psychology Review (6
papers; Elsevier) isthe most productivejournal (see Multimedia
Appendix 1).

Figure 3. Most productive journals by publication count and field of study.
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Table 3 shows the top 10 productive countries by document
count, average author count, and the sum and average of
scholarly citations.

According to our results, the top 3 productive countries by
document count are the United Kingdom (n=126), Australia
(n=30), and the United States (n=14). The top 3 countries by
average author or coauthor count are Australia (n=78), Germany
(n=65), and the United States (n=63). The 3 leading countries
by the sum of citations are the United Kingdom (n=5700),
Australia (n=2350), and the United States (n=880). The most
productive countries by average citation score are Switzerland
(n=130), Australia (n=78), and Germany (n=65). New Zealand
(n=15) is the least productive country with 4 publications and
60 citationsin total.
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Table 2. Top 10 publishers by document count, sum, and average citing of scholarly works.

Publisher Publications,n  Sum of cited scholarly works, n  Productivity (average citation per papers), mean
Wiley 28 710 25
Elsevier 25 2560 102
BioMed Central 15 602 40
Multidisciplinary Digital Publishing Ingtitute 8 105 13
SAGE Publications 7 168 24
BMJ Publishing Group 6 169 28
Frontiers Media SA 6 101 17
Oxford University Press 6 215 35
JMIR Publications 5 444 89
Academic Press 4 203 51

Table 3. Top 10 countries by document count, author average count, and the sum and average of scholarly citations.

Country Publication,n  Average authors count, n  Sum of scholarly citations, n  Productivity (average citation per paper), mean
United Kingdom 126 45 5700 45
Australia 30 78 2350 78
United States 14 63 880 62
Germany 6 65 390 65
New Zealand 4 15 60 15
Switzerland 3 13 390 130
Spain 3 58 175 58
Ireland 3 57 170 57
Netherlands 3 27 80 27
China 2 40 80 40

Multimedia Appendix 2 illustrates two different word

Keyword Analysisand MeSH

MeSH terms are assigned to PubMed entries by the National
Library of Medicine at the National Institutes of Health. This
analysis reveals the frequency of the MeSH terms used in
analyzed publications. Table 4 shows the most frequently used
MeSH terms in the publications associated with Pls for
well-being. The first column represents MeSH terms and the
second one shows article counts.

https://www.i-jmr.org/2022/2/e41456

RenderX

cloud-based datadistributions. Theleft side showsaword cloud
of keywords by document count, whereas the right side
represents keywords by the sum of citations. According to the
obtained results, the top 3 cited keywords are “meta-analysis’
(n=1740, average citation score=66.9), “well-being” (n=1218,
average citation score=76.1), and “public health” (n=897,
average citation score=112.1). The least cited keywords are
“intervention” (n=183, average citation score=22.8) and
“behavioral change” (n=207, average citation score=51.7).
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Table4. Most relevant top 10 MeSH (Medical Subject Headings) terms according to PubMed.

MeSH terms Article count, n
Humans 132

Adult 28

Females 28

Male 23

Child 21

Adolescent 21

Quiality of life 16

Aged 14

Mental health 13

Quialitative research 11
Discussion managing eating disorders and improve an individuas

Principal Findings

This bibliometric analysis was conducted to investigate existing
scientific patterns, trends, and associations in extracted
systematic reviews on the effectiveness of Plsaimed to improve
well-being among children, adults, and professional staff
experiencing physical or mental illness. The text analysis
highlighted the most frequent subject categoriesand fieldsalong
with the keywords and MeSH terms.

By analyzing the results of the data set regarding Plsimproving
the well-being of individuals with various psychological and
physical problems published in well-known databases, therapid
increasein research interest in this subject was clearly indicated.
The trend sharply increased in recent years between 2016 and
2020. This growth in interest could reflect the decrease in
psychological and physical well-being among health care
professionals, adults, and youths; therefore, the need for
effective Pls supporting individuals in improving their overall
well-being has become crucial.

The wide range of available PIs (including the psychological,
psychoeducational, and parental interventions and the
mindful ness approach) were recogni zed as effective in managing
mental health and physical problems and in increasing overall
well-being [1,3,6]. Cognitive behavioral therapy was evaluated
as effective in the treatment of anxiety [4]; psychoeducational
interventions, in relapse prevention [1]; and gratitude
interventions, in the improvement of overall health [2].

Mindfulness training had a positive impact on decreasing
burnout, distress, and depression among health care staff [7],
improving their clinical skills and attitudes [6] and increasing
their resilience overall [8]. Integrating social and cultural factors
[12], considering individual differences [14] and skills for
change and adjustment to the group target [13], increases the
efficiency of interventions, especially for cognitive functioning,
socia interaction, and well-being [15]. Work engagement,
personal resources, and leadership skillsincrease the probability
of experiencing positive emotions [21,22] and managing
emotional challenges at work more effectively [23]. PIs that
help increase self-awareness and self-efficacy are effective in

https://www.i-jmr.org/2022/2/e41456

well-being overal [24,26,47]. Pls for parents were evaluated
as effective for adopted children [32], parents of infants [34],
and motherswith maternal depressive symptoms|[35], resulting
in an improvement of well-being among children, parents, and
whole families [31].

Even though thereisincreasing interest in the research domains
explored in this study, no publication using a bibliometric
approach has been found to analyze the Pls for improving
individuals well-being. Therefore, the uniqueness of this study
could itself be considered its strength. This study reveals
scientific patterns and future research gaps to academics and
practitioners. Text analysis aso highlighted and supported
popular subject areasto clarify the research scope and directions.

One of thelimitations of this study isthat the number of relevant
studies made precise content analysis more challenging;
however, this was beyond the scope and aim of this study.
Although the various bibliometric analysis methods exist in the
literature, the scope and size of the research led authors to
concentrate on more specific analysis such as descriptive
statistics with this data set of studies from 2014 to 2022.

Gapsand Future Scope

According to our findings, the af orementioned research domains
are prevalent, and an upward trend in interest can be seen for
publication records since 2016. Besides, the majority of the
subject category records were found in the fields of medicine,
Pls, psychology, and clinical psychology. Further research
would be conducted with various aspects of bibliometric analysis
including systematic reviews, meta-analysis, and empirical
studies. Moreover, the studies assessed here indicate the
importance of further explorations and analyses to develop
appropriate and feasible PIs for the improvement of well-being
and managing mental and physical health problems.

Focus hasto be directed on how to optimizeintervention design
to improve an individua’s well-being in the long term [1,48]
and how to encourage and measure the maintenance of
psychological, social, and environmental changes [47,49].

Further research should develop criteria for the evaluation of
interventions'  effectiveness in improving psychological
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well-being [50,51], and assess individual experiences across a
range of Pl [14] and treatment—response associations in
particular [18].

More research on intervention type, intensity, duration, and
follow-up measurement [28] is required for a more precise
evaluation of the effectiveness of Pl for patients with cancer
[20] and those with dementia[15].

Further research isrequired to provide recommendations about
the effectiveness of interventions with adoptive parents [32]
and parents of infants to improve their mental well-being in
later life [34].

More studies are needed to explore the benefits of group work
interventions[52] and to design work interventions appropriate
to individual conditions and expectations [23]. Exploration of
the benefits of group interventions, characteristics of
professionals, and impact of motivational strategies on
intervention delivery and outcomes would be beneficial [53].

Future research on PIs should focus on the needs of older
patients [54] and connections between intervention activities
and ultimate change in behaviors related to abuse of older
individuals[17].

There is a need for methodological standards in testing the
mechanisms of mindfulness-based treatment [10], their
cost - effectiveness for mental health conditions [11], and
individual readiness for mindfulness-based interventions [6].

Conclusions

This bibliometric study aimed to explore and analyze the
scientific patterns and relations of scholarly publications onthe
effectiveness of PIsfor improving well-being among individuals
with psychological or physical conditions. Therefore, various
formsof bibliometric methods have been employed, and findings
were illustrated with a data visualization approach. The
bibliometric analysiswas conducted on 156 systematic reviews
published in highly ranked databases between 2014 and 2022.

Authors Contributions

Shubina

Our results present the most frequent subject and field
categories, popular keywords, productive authors, countriesand
ingtitutions, active journals, and publishers within the chosen
domain. This bibliometric study revealed the patterns of
publication and critical areasin the data set and providesinsights
and research directionsfor academics, practitioners, and readers
who wish to collaborate in this domain for the future.

A total of 156 relevant publicationswere retrieved and analyzed
from highly ranked databases (eg, PubMed, Crossref, and
Microsoft Academic). Among the top 3 leading authors with
respect to the number of citations per paper are the following:
James Thomas with 3 published papers and 260 citations,
followed by Chris Dickenswith 3 papers and 182 citations, and
Brendon Stubbs with 2 papers and 72 citations. However, the
most cited paper was that of Sanders et a [31] with 592 out of
6847 (8.6%) citations; this was followed by Johnson et al [55]
with a citation record of 561 (8.2%), followed by Strauss et a
[56] with acitation count of 335 (5%). According to the obtained
results, the top 2 cited keywords are “well-being” (n=1218,
averagecitation score=76.1) and “ public health” (n=897, average
citation score=112.1). The least cited keywords are
“intervention” (n=183, average citation score=22.8) and
“behavioral change” (n=207, average citation score=51.7).

According to the analyzed data, BMJ Open (n=6) and Journal
of Medical Internet Research (n=4) are leading in the field of
medicine; Clinical Psychology Review (n=5), in psychology;
and Frontiers in Psychology, in psychology (n=5) and
psychological intervention (n=5). Clinica psychology is
represented by Clinical Psychology Review (n=4) and Journal
of Clinical Child & Adolescent Psychology (n=4). The top 3
publishersin the domain of Plsand well-being are Wiley (n=28),
Elsevier (n=25), and BioMed Central (n=15). However, the
most cited papers were published by Elsevier (n=2560).

The data discussed here indicate the significance of further
explorationsin thisfield to adjust the certain positive psychology
interventionsto theindividual and situational factorsto increase
their effectiveness in improving overal well-being among
individuals with mental and physical problems.
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Abstract

Background: Inpatient portals are online platforms that allow patients to access their personal health information and monitor
their health while in the acute care setting. Despite their potential to improve quality of care and empower patients and families
to participatein their treatment, adoption remains low. Outpatient portal studies have shown that physician endorsement can drive
patients' adoption of these systems. Insights on physicians' perspectives on use of these platforms can help improve patient and
physician satisfaction and inpatient portal uptake.

Objective: The purpose of this systematic review is to better understand physicians' perspectives toward inpatient portals.

Methods: A systematic literature review was conducted for studies published between 1994 and November 2021 using keywords
for physicians' perspectives toward patient portals and personal health records. Databases included PubMed, MEDLINE, Web
of Science, and Scopus. Articles solely focused on nonphysician clinicians or addressing only outpatient settings or shared notes
were excluded from this review. Two reviewers performed title, abstract, and full-text screening independently. Bias assessment
was performed using the JBI SUMARI Critical Appraisal Tool (Joanna Briggs Institute). Inductive thematic analysis was done
based on themesreported by original authors. Datawere synthesized using narrative synthesis and reported according to overarching
themes.

Results: Inall, 4199 articleswere collected and 9 included. All but 2 of the studieswere conducted in the United States. Common
themesidentified were communication and privacy, portal functionality and patient use, and workflow. In studieswhere physicians
had no prior patient portal experience, concerns were expressed about communication issues created by patients' access to
laboratory results and potential impact on existing workflow. Concerns about negative communication impacts were not borne
out in postimplementation studies.

Conclusions: Physicians perceived inpatient portals to be beneficial to patients and saw improvement in communication as a
result. Thisis consistent with outpatient studies and highlights the need to improve training on portal use and include physicians
during the design process. Health care organizations and information technology entities can take steps to increasing clinician
comfort. Physician concerns involving patient portal usage and managing patient expectations also need to be addressed. With
improved clinician support, initial pessimism about communication and workload issues can be overcome. Limitations of this
review include the small number of pre- and postimplementation studies found. Thisis also not areview of perspectives on open
notes, which merits separate discussion.

(Interact J Med Res 2022;11(2):€39542)  doi:10.2196/39542
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inpatient portals; personal health record; physician perspectives; patient portals; inpatients; technology
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Introduction

The patient portal is defined as an online platform that allows
patientsto view their personal health record for personal health
information such as medication lists, immunization history,
laboratory results, discharge summaries, and clinical notesfrom
recent doctor visits. Some patient portals may have additional
functionsthat allow patientsto communicate directly with their
provider, request medication refills, and schedule their own
appointments [1].

Many patients who actively used the portal felt the platform
improved access to care and communication, increased
awareness of their disease, and encouraged behavioral change
[2]. Despite the benefits of portal use, many factors can prevent
patients from remaining engaged in portals, such as lack of
computer skills and concerns with data privacy [3].

In the United States, adoption of patient portal systems across
office-based practices has been steadily growing since the
passage of the Health Information Technology for Economic
and Clinical Health (HITECH) Act of 2009, afederal mandate
which promotes health information exchange through financial
incentives [4]. The 21st Century Cures Act, passed in 2016,
established rules requiring sharing of clinical information,
including clinical notes, with patients [5].

Expansion from outpatient portalsto inpatient portalsisamore
recent phenomenon. Inpatient portals can help inform patients
and their caregivers about the ongoing care in the acute care
Setting. Features can include care team information, medication
lists, laboratory results, medical history, secure messaging,
educational material, and a variety of other components.

Inpatient portals have the potential to improve quality of care
and patient safety through providing bedside patient education,
increasing patient engagement, and streamlining communication
between physicians and hospitalized patients [6]. This is
especialy important in the age of the COVID-19 pandemic
when many hospital s have placed visitor restrictionsto prevent
the spread of the virus. One study reported that across 70
academic centersin North America, 17% did not allow visitors
while 73% allowed only one visitor at atime [7]. With many

Banguilan et a

people unable to see their loved onesin the hospital, clinicians
needed to develop strategies to update families using remote
platforms [8]. Patient portals can be an excellent modality for
keeping caregivers abreast of treatment progress.

Although many studies have addressed factors patients consider
when using these portals, less research has been done on
physicians’ perspectives on portals. Provider endorsement of
patient portals was found to be a key factor in driving patients
interestsin using the portal [9]. Thus, it isimperative to discuss
physicians attitudes toward patient portals. Prior work on
outpatient portals identified several concerns related to health
care professionals’ experienceswith web-based patient portals,
including communication, privacy, workload, and patient use
of portals[3,10].

The purpose of this systematic review is to better understand
physicians' perspectives toward inpatient portals. As health
technology continuesto accelerate, it iscritical that we address
components that are effective and those that are barriersto use.
In doing so, we can better use these platformsto increase patient
and physician satisfaction while improving quality of care and
connectivity for hospitalized patients.

Methods

Eligibility Criteria

We conducted a systematic review of research that discusses
physicians’ views on patient portals in the acute care setting.
The Sample, Phenomenon of Interest, Design, Evaluation,
Research (SPIDER) framework was used to definetheinclusion
criteria (Table 1). Studies that combined physicians
perspectiveswith other health care professional's, such asnurses
or physician assistants, were included if physicians were
explicitly included in the methods. No limitations were placed
on physician specialty, geographic location, or years of practice.

Qualitative, quantitative, and mixed methods studies were
included under the criteria that they addressed physician
engagement or perspectives on inpatient portals, were published
in the English language from 1994 through the last interim
search (November 2021), and included search keywords.

Table 1. Inclusion criteria for the systematic review using the Sample, Phenomenon of Interest, Design, Evaluation, and Research type (SPIDER)

framework.

Eligibility criteria

Sample
practice.

Phenomenon of interest

Physicians and other cliniciansif physicians were explicitly included. No limitation on specialty, location, or years of

Factors that influence physicians' perspectives and attitudes toward inpatient portals.

Design No limitations on study design.
Evaluation Experiences and perceptions around use of inpatient portals.
Research type Qualitative, quantitative, and mixed methods research from after 1994.

Exclusion Criteria

Articles focusing on nonphysician clinicians or staff were not
included in this review. Outpatient portal and electronic health
records discussions were a so excluded from this review. Other

https://www.i-jmr.org/2022/2/€39542

reasons for article exclusion included not written in English,
not about patient portals, focused solely on open or shared notes
without addressing any other components of patient portals,
and being a description of astudy protocol that did not include
any results.
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Database Search Strategy

We performed theinitial database search on February 18, 2021,
on PubMed, MEDLINE, Web of Science, and Scopus. An
interim literature search across all 3 databases was conducted
on November 29, 2021.

The search strategy included aset of keywordsrelating to patient
portalsand physicians' perspectives of patient portals. Keywords
were developed using medical subject headlines and derived
from scoping articles related to the subject. Search terms
included the following: “ physician satisfaction” OR “physician
satisfaction” OR “physician utilization” OR “physician
perceptions’ OR “physician attitudes’ OR “physician
engagement” OR “physician perspectives’ OR “physician
barriers’ OR “physician factors’ AND “Patient Portals” OR
“patient portals’ OR “patient web portals’ OR “patient health
records’ OR “portal adoption” OR “personal health record” OR
“online portals” The search strategy was adjusted for each
database (Multimedia Appendix 1). The protocol for this study
was registered with PROSPERO (The International Prospective
Register of Systematic Reviews; |ID #CRD42021236228).

Gray literature was not included. For opinion articles, editorials,
and literature reviews discussing inpatient portals, ahand search
of references was performed. This did not yield any additional
studies to the primary search.

Study Selection Process

After database search and duplicate removal, articles were
imported to Rayyan [11]. Title and abstract screening was done
independently by 2 authors, KLB and CC. Conflicts were
resolved through discussion between the 2 reviewers upon
completion of the title and abstract screening stage until
consensus was reached. Included articles were imported back
from Rayyan to EndNote (Clarivate). This processwas repeated
for the interim literature search.

Full-text screening was then performed by KLB and CC.
Disagreements during the study selection processwere resolved
by discussion to achieve consensus.

Data Extraction and Analysis

Quiality of studieswas assessed using the JBI SUMARI Critical
Appraisal Tool (Joanna Briggs Institute) for the appropriate
study type. Checklists for qualitative research and analytical
cross-sectional studieswere used [12,13]. This bias assessment

https://www.i-jmr.org/2022/2/€39542
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was completed by 2 reviewers, KLB and CC, with conflicts
resolved by consensus.

The JBI SUMARI data abstraction form was used for each
paper. Data collected included authors, year, methods for data
collection and analysis, country of origin, phenomenaof interest,
setting, participant characteristics and sample size, description
of main results, and reported themes. Extracted datawere coded
by authorsKLB and CC. Followinginitial extraction, datawere
exported from JBI SUMARI to Microsoft Excel for
consolidation and synthesis.

Themes were identified inductively from qualitative and
cross-sectional studies as reported by the original authors if
avalable. Otherwise, themes were identified during data
extraction and coding by KLB and CC. Original study themes
were then categorized and simplified by discussion until
consensus was reached by all authors. Data were synthesized
using narrative synthesis and reported according to thematic
categories.

Reporting of the resultsfrom this systematic review was guided
by the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) statement (Multimedia Appendix
2).

Results

Screening and I dentification of Papers

Fromtheinitial literature search, atotal of 3650 referenceswere
retrieved across all 3 databases and imported into EndNote 20.
After 352 duplicates were removed, 3306 articles underwent
screening based on the title and abstract. Theinterim literature
search retrieved 549 new references, and 83 duplicates were
removed.

A total of 226 articles were sought for full-text screening, of
which 24 articles were unable to be retrieved. A total of 202
articles underwent full-text screening by KLB and CC. After
screening was completed, 193 reports were excluded and 9
articleswereincluded. Details regarding the search and selection
process from the initial and second search were combined in a
PRISMA flowchart (Figure 1). A k value of 0.579 from the
initial title and abstract screening showed a moderate level of
agreement between the 2 reviewers [14].
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Figure 1. Flowchart of the search and selection process.
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Risk of Bias Assessment

Critical appraisalsbased onthe BBl SUMARI Critical Appraisal
Tool are summarized in Table 2 and Table 3. Most qualitative
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low risk of bias. Several of the
cross-sectional studiesdid not address confounding factorsand

had a moderate risk of bias. All 9 articles were considered
suitable for inclusion in the final review.
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Table2. JBI SUMARI critical appraisal results: analytical cross-sectional study.

Authors, year Qaj_b Q2° Q3d Q4° Q5f Q69 Q7h Q8i Yes, n (%) (N=8)
Grossman et a, 2018 [15] vi Y Y Y Uk U Y Y 6 (75)
Hefner et a, 2017 [16] Y Y U Y Y N Y Y 6 (75)
Kelly et a, 2017 [17] Y Y Y u u Y Y 5(63)
Kelly et al, 2020 [18] Y Y Y Y Y Y Y 7(88)
Thapaet a, 2021 [19] Y Y NAT Y Y Y Y 6 (75)

8Q: question.

le: Were the criteriafor inclusion in the sample clearly defined?

©Q2: Were the study subjects and the setting described in detail ?

dQ3: Was the exposure measured in avalid and reliable way?

€Q4: Were objective, standard criteria used for measurement of the condition?

fQ5: Were confounding factors identified?

9Q6: Were strategies to deal with confounding factors stated?

hQ?: Were the outcomes measured in avalid and reliable way?

fQ8: Was appropriate statistical analysis used?

JY: yes.

KN: no.

'U: unclear.

MN/A: not applicable.

Table 3. JBI SUMARI critical appraisal results. qualitative research.
Authors, Year Qalb Q2 Q3d Q4¢ Q5f Q69 Q7h Q8i Qg] Qlok Yes, n (%) (N=10)
Bell et a, 2016 [20] y! Y Y Y Y Y Y Y Y Y 10 (100)
Frangellaet a, 2018[21] Y Y Y Y Y N™ N Y N Y 7 (70)
Fuller et al, 2020 [22] Y Y Y Y Y Y N Y Y 9(90)
O'Learyeta,2016[23] Y Y Y Y Y un Y Y 9(90)

8Q: question.

le: Congruity between stated philosophical perspective and research methodol ogy?
€Q2: Congruity between research methodology and research question or objectives?
dQ3: Congruity between research methodology and methods used to collect data?

€Q4: Congruity between research methodology and representation and analysis of data?
fQ5: Congruity between research methodology and interpretation of results?

9Q6: Is there a statement locating the researcher culturally or theoretically?

hQ7: Isthe influence of the researcher on the research, and vice-versa, addressed?

iQ8: Are participants and their voices adequately represented?

jQ9: The research is ethical according to criteria, or, for recent studies, there is evidence of ethical approval by an appropriate body?
I‘QlO: Conclusions drawn in the research report do appear to flow from the analysis or interpretation of the data?

ly: yes.
"N: no.
"y: unclear.

Study Characteristics

The initial and interim search captured studies that evaluated
physicians’ perspectives of inpatient portals pre- (4 studies) and
postimplementation (5 studies). According to country, 7
originated from the United States, 1 originated from Argentina,
and 1 originated from Saudi Arabia. There were 2 studiesfrom
pediatric hospitalizations, and 1 from the intensive care unit
setting. The studies collected included research categorized as

https://www.i-jmr.org/2022/2/€39542

guantitative (n=5) and qualitative (n=4). Table 4 showsthe data
extracted from the studies.

Participants in the quantitative studies included 1288 clinical
team members. Thisincluded 375 physicians, among whom 34
were specified as resident physicians. The remaining included
physician assistants (n=17), nurse practitioners (n=3), nurses
(n=680), clinical support staff (n=205), and pharmacists (n=8).
Quantitative datawere collected viasurveys. Participantsin the
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qualitative studies included a total of 59 physicians, including

Banguilan et a

few of whom were specified as hospitalists (n=6). Qualitative

resident physicians (n=28) and practicing physicians (n=31), a datawere collected viainterviews and focus groups.

Table4. Summary of included literature and themes identified.

Reference, Year,
Country

Phenomena of interest

Participants and methods

Portal description

Themes identified

Bell et a [20], 20186,
United States

Kelly et a [17], 2017,
United States

Frangellaet a [21],
2018, Argentina

Thapaet a [19],
2021, Saudi Arabia

O'Leary et a [23],
2016, United States

Fuller et al [22], 2020,
United States

Grossman et a [15],
2018, United States

Hefner et al [16],
2017, United States

Kelly et al [18], 2020,
United States

Clinician perspectives on how
an electronic portal can affect
communication deficitsin the

ICU?and quality of care

Health care team members
interacting with parents dur-
ing their child’s hospitaliza-
tion and participating in portal
training during implementa-
tion

PHRP benefits, potential
problems, how PHRs might
be used in everyday practice

Health care professionals’
willingness to use digital
health tools including patient
portals

Challenges and benefits of
portal based on physicians
perspectives, how new portal
features may affect patients
and providers

Clinicians' perspectiveson
the value and utility of tools
available on the patient-cen-
tered discharge toolkit on the
portal

Providers' perceptions of
portal’s usefulnessto patients
and itsimpact on care

Physicians' attitudes and per-
ceptions about portal technol-
ogy and training

Provider experienceswith in-
patient portal for hospitalized
patients and parents on bed-
side tablet computers

n=26 clinicians, 8 of whom
were physicians; focus group
discussions

n=94 clinicians (pre) and 70
clinicians (post) for survey;
11 (pre) and 10 (post) of
whom were attending physi-
cians, 34 pediatric residents
(pre) and 23 residents (post)

n=29 physicians, 9 of whom
were attending physiciansand
20 residents; focus group;
personal interviews

n=218 health care profession-
als, including 78 physicians;
quantitative survey

n=14 physicians, including 6
hospitalists and 8 residents;
focus groups and thematic
analysis

n=22 cliniciansincluding 8
physicians, thematic analysis,
focus groups

n=63 providersincluding 12
physicians; quantitative sur-
vey

n=193 physicians; quantita-
tive survey

n=96 inpatient providersin-
cluding 47 physicians; quanti-
tative survey

Theoretical web-based com-
munication-based portal

Pre- and postimplementation
MyChart Bedside portal
available on tablet; features
including vital signs, daily
schedule, lab/test results, vital
signs, secure messaging, note-
taking, education materials,
and nonurgent requests

Theoretical web-based inpa-
tient portal

Theoretical inpatient portal

Mobile app portal with fea-
tures such as care team infor-
mation, scheduled tests, and
medication list. Features not
yet implemented included se-
cure messaging and lab re-
sults.

Discharge portal available on
tablet/iPad that included a
safety dashboard, secure mes-
saging, discharge checklist,
and bedside display

Acute care portal usedinran-
domized clinical trial avail-
ableon tablet; featuresinclud-
ing test results, medications,
provider information, vital
signs and weights, prescribed
diet, comments, and painlevel

MyChart Bedside portal
available on tablet; features
including daily schedule,
|ab/test results, secure messag-
ing, note-taking, education
materials, and Dining on De-
mand (request for food)

MyChart Bedside ontablet (as
above)

Communication and privacy

Workflow, communication

Portal functionality and pa-
tient use, communication, and

privacy

Workflow, communication

Workflow, communication

Portal functionality, workflow

Portal functionality and pa-
tient use, workflow

Portal functionality and pa-
tient use

Workflow, communication,
portal functionality and pa-
tient use

3 CU: intensive care unit.

PHR: personal health record.
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Common Themes Across Physicians' Per spectives on
Inpatient Portals

Common themes were addressed by participants in both
guantitative and qualitative studies. Theseincluded perspectives
on communication and privacy, portal functionality and patient
use, and workflow.

Impact on Communication and Privacy

Physicians believed that the inpatient portal has enhanced their
communication with patients[19,20,23] and has evenimproved
the quality of discussion during rounds [18,23]. However, they
also noted concerns regarding how information uploaded to the
portal could be misinterpreted by patients and highlighted that
patient literacy isabarrier [20]. Additionally, physiciansworried
that using the patient portal asacommunication tool may cause
anxiety and distress among patients[20,21,23]. If patientswere
to accesslab results or adiagnosis before thoroughly discussing
the information with their treatment team, it could cause
unnecessary stress for the patient [20,23].

Participants also noted that the volume of information would
be another stress contributor for patients [20]. Setting
expectations was mentioned as a communication tool used to
decrease anxiety associated with notifications and improved
the quality of patient communications [20]. Engaging patients
and families early in hospitalization can improve the
understanding of what information is available and can be a
way to identify their preferences for information sharing [20].

Concerns With Privacy

Privacy and caregiver access were mentioned with concern that
family may receive sensitive information before the care team
had a chance to speak with the patient [20,23]. One of the
preimplementation studies expressed concern that the family
may disengage from care if information was seen first on the
portal instead of delivered by the team [21]. On the other hand,
caregiver and family access was mentioned asone of the benefits
of portal systems [18,23] to decrease the barrier to staying
abreast of information especially for results that are expected.
Data safety was also of concern [19].

Physicians' Perceptions on I npatient Portal
Functionality and Patient Use

When physicianswere surveyed regarding the inpatient portal’s
usefulnessto patients, most agreed that their patients found the
acute care patient portal easy to use and trustworthy [15]. A
majority also agreed that the portal hel ped patients comprehend
their medical problems and was a convenient avenue for
information to be delivered to patients without negatively
impacting communication [15,18].

Compared to patients, physicians underestimated theimportance
of features such as entering comments and recording pain level
[15]. In one hospital using MyChart Bedside, physicians
believed the most useful feature for patients was Dining on
Demand, a feature that allowed patients to place an electronic
meal order.

Interestingly, physicians from one study believed the education
featuresto be lesslikely to be used by the patients [16], which
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contrasts with the opinions of physicians across other studies,
who recommended including more educational resources
[20,21]. It was suggested that patients would benefit from this
feature through improving health literacy [20] and providing
information suitable to a patient’s specific needs [21].

Useful features consistently noted by physicians included
medication lists and viewing the daily schedule [16]. The
perceived value of medication lists was high across several
studies[15,16,18,21,23] with some physiciansranking it asthe
most useful along with laboratory results [15]. These features
not only help patients engage in their care, but also augment
identification of errors in medication documentation and
improve medication reconciliation with implicationsfor patient
safety [16,18,21-23].

Feature Recommendations

Although inpatient portals can vary in which functions are
availableto patients, physiciansinterviewed prior to portal usage
offered suggestions they believed would increase patient use
and address adoption barriers. Recommendations included
allowing patients and families to customize what type of
information they would receive to prevent information overload
[20Q], creating anote-taking space for patientsto write questions
or concerns for the physician to review, and involving more
physicians in the design process of inpatient portals [21].
Communication tools for other physicians and care team
members used to document what has aready been told to the
patient could also decrease mixed messaging [20].

Inpatient Portals' |mpact on Workflow

Physicians' perspectivesregarding the inpatient portal’simpact
on workflow varied. Those who were using amobile app portal
believed that their workflow was only minimally impacted with
the current features they were using, such as care team
information, scheduled tests, and medication lists, but feared
that the addition of other features, such as secure messaging
and laboratory results, would impact workflow [16,23].
Physicians who felt they did not receive sufficient training on
portal use were not as optimistic about incorporating the portal
into their current workflow compared to nursesand clinical staff
[16]. Variable uptake by attending physicianswas cited by some
residents to be a barrier to portal usage [22].

In another study, only 11% of providers believed that the portal
increased their workload, and only 8% perceived they spent
more time answering questions related to the portal [18].

Physiciansinterviewed prior to portal implementation appeared
to be more concerned that workload would increase[17], noting
concerns over features such as note sharing [ 16] and information
delivery leading to an increased number of questions from
patients [17,21]. Physicians were also concerned that digital
health tools in general would lead to increased work-related
stress [19]. These concerns did not seem to be borne out in the
postimplementation studies.
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Discussion

Principal Findings

Thisreview identified various themesthat emerged from studies
of physicians' perspectives on inpatient portals that were
generally consistent with studies of outpatient portals. Recurrent
themesincluded communication and privacy, portal functionality
and patient use, and impact on workflow (Table 4). Consistent
with other patient portal studies, physicians who have aready
experienced patient portal use in practice held more positive
views, while those without experience of the portal appeared
more hesitant about its implementation.

Both qudlitative and cross-sectional studies showed that
physicians, like other clinical team members, believed the
inpatient portal hel ped patients access information more readily
and could promote patient autonomy as well as patient safety,
as some patients identified errors in the medication lists and
documentation. Managing patients and families' expectations
about information and communication areimportant to ensuring
patient preferences are respected and privacy is maintained.

Comparison With Prior Work

Physicians without prior experience noted communication
concerns about allowing patientsto view their laboratory results
or notes because it may cause unnecessary stress for patients
[20,21,23]. Careteam workers, such as nurses, nurse managers,
and unit clerks shared similar sentiment toward providing patient
access to such information, noting enhanced communication
because of portal usage [24].

Postimplementation, physicians appeared to be less concerned
about causing patient anxiety that would negatively impacting
their workflow in turn [17,19,21]. This complements studies
showing that patients are amenable to receiving laboratory and
other information through patient portals[25,26]. Some patients
prefer to receive information before discussing with theinpatient
care team, so that they have an opportunity to formulate more
cogent questions for their physicians [25].

This dichotomy was also seen in workload impacts. Inpatient
portals ultimately did not seem to negatively impact physician
workflow [18] or increase the workload as feared [17]. Some
of the increase in workflow was due to needing to ask for help
with technical support for patients. Technology concerns were
also noted by studies of other clinical team members [24].
Physicians who felt they did not receive sufficient training on
portal use themsel veswere not as optimistic about incorporating
the inpatient portal into their current workflow compared to
nurses and clinical staff [16]. Asnoted by other members of the
care team, increased hands-on training would be beneficial, as
it would highlight the value of the portal and encourage portal
usage [24]. Inthe outpatient setting, physiciansand other health
care providers have brought up similar concerns over the lack
of training and issues with portal usability asabarrier to portal

usage [27].
Practical Implications

Asaresult of the COVID-19 pandemic, medical services have
become more accessible online as practices implement
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telemedicine appointments [28]. With such services becoming
more broadly available, comfort with virtual health management
and patient portal use is expected to increase. The surge in
popularity of toolslike patient portals requires consideration of
physician and provider perspectives. Inpatient needs are more
acute, and the availability of nearly real-time information
including medication schedul€’s effect on patient participation
should be explored further. Benefits of both expected features,
like medication reconciliation, and unexpected features, like
meal ordering, should be considered in future portal
development.

Patient adoption of portals is heavily influenced by physician
endorsement. When physicians are concerned about increasing
work burden from integrating patient portals, they arelesslikely
to encourage use or discuss these platforms with patients, thus
reducing patient enrollment and usage[29]. Thefindings of this
review suggest that most of these concerns came from physicians
who had no prior experience with patient portals [19,21,30],
while physicians with hands-on experience found the portal had
little impact on their workload [18]. This effect merits direct
study, as it was not explicitly addressed and has implications
for how physicians are educated about anticipated portal
workflow.

Addressing preconceived notions about portal usage, by
providing better training for instance, may help curb pessimism
about these digital tools. Improving physician understanding
of patient preferences for receiving information can be helpful.
Involving physicians during the portal design and
implementation process may also allay some of the concerns
about workflow and usability.

Future Directions

Asinpatient portal research continuesto evolve, further research
is needed to address how inpatient portals impact quality of
care, existing health disparities, and patient engagement.
Evidence has shown lower patient porta use among
economically disadvantaged populations due to a lack of
technology skills, lack of health literacy, lack of English
proficiency, preference for in-person communication with
providers, and security concerns[31,32]. One study found that
patients with higher educational attainment and higher health
literacy were more likely to register for the patient portal . After
registration, however, health literacy did not seem to affect
frequency of accessing the portal [33]. Acute care episodes may
be an opportunity to increase health literacy using inpatient
portals through assisted registration processes and education.
Research on the continuum of outpatient to inpatient portal use
is important to identify other factors that may increase portal
use[25,34].

Furthermore, sincethisreview identified conflicting perspectives
regarding the significance of educational resourcesfor patients
through the portal, more research should be done on the types
of educational resources that may be valuable to patients and
physicians dike.

It isalsoimportant to highlight the accessihility of these portals
in both inpatient and outpatient settings, and how privacy
concerns carry over to patients who have a caregiver. Patients
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have reported that while certain features of the portal, such as
medication information and appointment scheduling, have
helped their caregiver to provide better carefor the patient, they
would like to control what information is shared [35]. To better
cater to this population, further studies are needed to inform
development of features, such as creating proxy accounts, and
how that may affect communication with clinicians. Training
on portalsamong patients and caregivers can encourage use and
dispel concerns about technology and security risks. Allowing
patients to set boundaries on what information can be accessed
by caregivers will aso be important for protecting patient

privacy [36].

As systems within the hospital become better integrated and
more interoperable, there may be opportunities to provide
patients with anticipated testing and procedure information to
inform their plan as orders are placed, scheduled, or delayed.
Thismay also improve patient satisfaction related to undefined
wait times and perioperative delays.

Limitations

First, although a comprehensive search was performed, this
review is limited by the fact that there is only a small number
of studiesincluded. There were nearly the same number of pre-
and postimplementation studies. With further development and
maturation  of  inpatient portal  systems, future
postimplementation studies will be able to provide broader
practical understanding of issues related to workload and
communication.

Second, this study also did not ask questions specific to open
notes. Open note—specific studies, such as a survey conducted
by Raston et al [37], demonstrate that clinicians' attitudes
toward open notes changed drasticaly pre and
postimplementation, asthe percentage of physicians perceiving
open notes to be beneficial changed from 29% to 71% after
implementation [30,37,38]. Studies have aso reported that
allowing access to notes and clinical datain practice alleviated
stress among parents with children who are hospitalized [30,39],
and thus physician fears of causing confusion were unrealized
[40Q]. In the outpatient setting, it was found that primary care
physicians who shared the same concern about patient access
to notes and results ultimately believed that the benefits
outweighed their fears, citing increased patient engagement and
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vigilance, and improved patient awareness [26,27]. This topic
merits further examination in future works as more data about
shared notes become available.

Third, there is variation between these portals and physicians
experiences with them, with some participants being better
versed in portal usage and others having no prior experience.
This, however, reflects the diverse experiences of practitioners.
The generalizability of these findings is limited due to half of
the studies focusing on physicians’ perceptions prior to portal
use. Furthermore, while our eligibility criteria alowed for
grouping of nurses, nurse practitioners, and physician assistants
perspectives with physicians’ perspectives, this review did not
address potential differences in perception. A review that
captures the unique experiences of advanced practice providers
with patient portals would be beneficial.

Fourth, the features offered among the portal s acrossthe studies
differed. Due to the heterogeneity of portal functions, only the
more common features were emphasized in this discussion. A
future review that focuses on a specific feature of the inpatient
portal would be helpful in capturing more nuanced opinions
about inpatient portals. Lastly, most of the studies included in
this review originated in the United States, which may not be
directly trandatable to other countries.

Conclusions

Overall, physiciansand other health care providers acknowledge
the many benefitsand challenges of inpatient portals. In practice,
they believed the portalsimproved communication and patients
benefited from features such as viewing medications and
scheduled appointments. However, the challenges that come
with security, integration of portal use into workflow, sharing
clinical notes, and allowing patient access to laboratory results
pose potential barriers to portal adoption among physicians
without prior portal experience. Training in use and
portal-specific patient communications and expectation setting
will be important to encouraging adoption among physicians.
Recommendations by physicians should be considered during
the design process to improve implementation and functions of
the inpatient portal. In doing so, these platforms can be used
more effectively to improve patient satisfaction and quality of
care.
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Abstract

Background: The COVID-19 or SARS-CoV-2 outbreak was declared a pandemic by the World Health Organization in March
2020. Almost 2 years later (early February 2022), the World Health Organization reported over 383 million cases of the disease
caused by the virus, with over 5.6 million deaths worldwide. Debate regarding the routes of transmission was substantial early
in the pandemic; however, airborne transmission emerged as an important consideration. Infectious airborne agents can spread
within the built environment through heating, ventilation, and air-conditioning (HVAC) systems. Multiple features of HVAC
systems can influence transmission (eg, ventilation, filtration, UV radiation, and humidity). Understanding how HVAC features
influence airborne transmission is critical to mitigate the spread of infectious agents.

Objective: Given the airborne transmission of SARS-CoV-2, an overview of reviews was conducted to understand what is
already known from the scientific literature about how virus transmission may be affected by HVAC design features in the built
environment.

Methods: Ovid MEDLINE and Compendex were searched from inception to January 2021. Two reviewers independently
screened the titles, abstracts, and full text of potentially relevant reviews, using a priori inclusion criteria: systematic reviews
examining the effects of HVAC design features on virus transmission. Two reviewersindependently assessed the methodol ogical
quality using AMSTAR2.

Results: Searching identified 361 citations, of which 45 (12.5%) were potentially relevant and 7 (2%) were included. Reviews
were published between 2007 and 2021 and included 47 virus studies. Two earlier reviews (2007 and 2016) of 21 studies found
sufficient evidence that mechanical ventilation (airflow patterns and ventilation rates) plays a role in airborne transmission;
however, both found insufficient evidence to quantify the minimum mechanical ventilation requirements. One review (2017) of
9 studies examining humidity and indoor air quality found that influenzavirus survival waslowest between 40% and 80% relative
humidity; the authors noted that ventilation rateswere aconfounding variable. Two reviews (2021) examined mitigation strategies
for coronavirus transmission, finding that transmission decreased with increasing temperature and relative humidity. One review
(2020) identified 14 studies examining coronavirus transmission in air-conditioning systems, finding that HVAC systems played
arole in virus spread during previous coronavirus outbreaks. One review (2020) examined virus transmission interventions in
public ground transportation, finding ventilation and filtration to be effective.

Conclusions; Seven reviews synthesizing 47 studies demonstrated arole for HVAC in mitigating airborne virus transmission.
Ventilation, humidity, temperature, and filtration can play aroleintheviability and transmission of viruses, including coronaviruses.
Recommendations for minimum standards were not possible owing to few studies investigating a given HVAC parameter. This
overview examining HVAC design features and their effects on the airborne transmission of viruses serves as a starting point for
future systematic reviews and identifying priorities for primary research.
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Introduction Methods

Background Standards recommended by the international Cochrane

The COVID-19 or SARS-CoV-2 outbreak, first detected in
Wuhan, China, was characterized as a pandemic by the World
Health Organization (WHO) in March 2020 [1]. Almost 2 years
later (early February 2022), the WHO reported over 383 million
cases of the disease (COVID-19) caused by the virus
(SARS-CoV-2), with over 5.6 million deaths worldwide [2].
Early in the pandemic, there were conflicting views and debate
about the routes of transmission [3-6]. Several recent reviews
of the scientific literature have identified evidence indicating
airborne transmission, which could be particularly problematic
in confined and crowded indoor spaces [7-9]. Public health
recommendations acknowledge airborne transmission as
important and advise to maximize ventilation; ensure proper
maintenance and functioning of heating, ventilation, and
air-conditioning (HVAC) systems; and increase the use of fresh
air where possible [10].

Airborne transmission occurs as a result of bioaerosols
(biological particles suspended in air) staying aloft longer
because of their small size and, therefore, traveling further
because of air currents [3]. Several possible mechanisms of
airborne coronavirustransmission exist, including 1) bioaerosol
generation by infectious persons through coughing, sneezing,
breathing, and talking, which remain airborne for a period of
hours to days; 2) short- to long-range transport through HVAC
systems and subsequent inhalation of bioaerosols by other
people; and 3) airborne transport of biocaerosols to surfaces (or
the contamination of surfaces by physical contact), followed
by resuspension, inhalation, or contact with surfaces[11,12].

Prior Work

Previous research demonstrated that infectious airborne
bioaerosols spread to other spaces via HVAC systems [12,13].
Multiple features within HVAC systems may influence
transmission, including ventilation (eg, ventilation rate, air
changes per hour, airflow pattern, and pressurization), filtration
(eg, minimum efficiency reporting value rating, filter age, and
extent of use), UV radiation (eg, UV power and UV dose), and
humidity [12]. Understanding the influences of HVAC systems
on airborne transmission in the built environment is critical for
building scientists to develop effective engineering control
strategies to protect the occupant’s health and well-being and
affect timely public health policies. Previous systematic reviews
provided a starting point for understanding what is aready
known from the scientific literature about HVAC systems and
theairbornetransmission of viruses. A comprehensive synthesis
of previous systematic reviews can help identify knowledge
gaps, helping to guide and prioritize future primary research.
Therefore, we conducted an overview of reviews to identify
and synthesi ze previous systematic reviews on this topic.

https://www.i-jmr.org/2022/2/e37232

organization for the conduct of an overview of reviews [14]
were followed. The research question guiding this work was as
follows: what is the current synthesized evidence about the
effects of HVAC design features on virus transmission?

Search Strategy

A research librarian (GMT) conducted searches in Ovid
MEDLINE and Compendex from inception to June 2020, using
conceptsrelated to viruses, transmission, and HVAC. The search
was updated in January 2021. The search strategies are presented
in Multimedia Appendix 1. The unfiltered search strategieswere
peer reviewed by 2 librarians (TL and AH), and the filter for
systematic reviewsin Ovid MEDLINE was provided by athird
librarian (LD). The unfiltered search strategies were part of a
larger systematic review project that was registered [15], and
its protocol is publicly available[16]. The reference lists of the
included reviews were screened to identify any other relevant
reviews. Conference abstracts and preprints retrieved through
the searches were screened to determine whether a full
peer-reviewed manuscript was published. The references were
managed in EndNote; duplicate records were removed before
screening.

Study Selection

Two reviewers (GMT and LH) independently screened thetitles
and abstracts of all the citations retrieved from the electronic
searches and other sources. Studies were classified as yes, no,
or maybe. The first stage of screening was completed in
Covidence. Weretrieved thefull text of all the studies classified
asyesor maybe. The same reviewersindependently applied the
inclusion and exclusion criteria (Multimedia Appendix 2 [16])
to each full-text document and classified the studies asincluded
or excluded. Discrepancies were resolved through discussion
between the 2 reviewers. The reasons for excluding studies at
the full-text stage were documented.

Inclusion and Exclusion Criteria

Theinclusion and exclusion criteriaare detailed in Multimedia
Appendix 2. We planned to include systematic reviews
published in English that searched for and included primary
research studies examining the effects of HVAC design features
on the transmission of viruses. The HVAC features of interest
were mechanical ventilation (ventilation rate, air change, air
exchange, and airflow), filtration (air filtration, filter type,
minimum efficiency reporting value rating, filter age and use,
pressure drop, holding capacity, replacement, and change
frequency), UV germicidal irradiation (power, dose, uniformity
of dose, flow rate, bioaerosol inactivation efficiency, and
location), and humidity or relative humidity (RH). Inclusion
was staged in 2 ways. Our primary interest was viruses, and we
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excluded those reviews that were not specific to virus. We were
initially interested in systematic reviews defined by the
international Cochrane organization as reviews that use a
predefined, systematic approach and follow standard approaches
to search the literature, select studies for inclusion, assess the
methodological quality of the included studies, and extract,
synthesize, and analyze data from the included studies. Aswe
found few systematic reviews meeting these criteria, weincluded
review articles that satisfied specific reguirements for
methodological approach and objective. For methodological
approach requirements, the authors had to search >2 databases,
describeinclusion and exclusion criteria, and describe aprocess
for study selection. For objective requirements, the objective
of the review had to be related to one of the HVAC design
features, namely ventilation, filtration, UV radiation, or
humidity.

Quality Assessment

The methodological quaity of theincluded reviewswas assessed
using AMSTAR2 [17]. AMSTAR2 is avalid and reliable tool
containing 16 items about the methodological conduct of a
systematic review [18]. Two authors (GMT and LH)
independently assessed the included reviews. Discrepancies
were resolved through discussion.

Data Extraction

The following information was extracted from each review:
citation information (eg, authors, year of publication, and
country of corresponding author), objectives, search strategy,
inclusion and exclusion criteria, settings, population
characteristics (as applicable), agent studied (eg, type of virus
and bioaerosol), HVAC design features studied, number and
characteristics of studies relevant to this overview’s research
guestion, results (asreported by the review authors), and review
authors' conclusions relevant to this overview’'s research
guestion. Our primary outcome was the quantitative measure
of the association between HVAC design features and virus
transmission; however, we extracted any results reported by the

Figure 1. Flow of studies through the selection process.

Thornton et al

review authorsthat were relevant to our research question. One
reviewer (LH) extracted datausing apredefined form. A second
reviewer (EK) verified the data. Discrepancies were resolved
through discussion and by referring to the relevant publication.

Data Analysis

We anticipated that the included reviews would not have
conducted meta-analyses. We planned to present the resultsin
tabular and narrative forms. Tables were created describing the
reviews, their results (including any quantitative data of the
associations between HVAC features and virus transmission or
proxy outcomes) and conclusions, and their methodological
quality. A narrative summary of the findings of each review has
been provided. We only summarize review findings that were
relevant to our research question; for example, if the review
included studies of ventilation, humidity, etc, in the outdoor
and indoor environments, we only report on studies specific to
the indoor (built) environment.

Results

Included Reviews

The search retrieved 361 citations, of which 45 (12.5%) were
considered potentially relevant and 7 (2%) met the inclusion
criteria (Figure 1). Tables 1 and 2 provide summaries of the
included reviews. The reviews varied somewhat in their
objectives (eg, investigate mechanical ventilation, ventilation
rates, airflow patterns, effects of humidity, or stability of
bioaerosol s containing coronaviruses), agents (eg, coronaviruses
or influenzaviruses), and settings (eg, built environment, health
care settings, or public ground transportation). Thereviewswere
published between 2007 and 2021 (median year 2020) and
included a total of 47 unique virus studies published between
1961 and 2020 (median year 2005) that were relevant to our
research question (median 4 studies per review including shared
references; Table 3; Multimedia Appendix 3 [13,19-71]). The
reasons for excluding studies at the full-text stage were
documented (Multimedia Appendix 4 [7-9,11,12,24,72-103]).

Records identified through
database searching
(n=361)

Additional records identified
through other sources

(n=1)

I

(n=361)

Records after duplicates were removed

I

Records screened
(n=361)
I

Records excluded

:

Full-text articles assessed
for eligibility
(n=45)

(n=316)

Full-text articles excluded, for reasons,

.

Studies included in the
qualitative synthesis
(n=7)
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Table 1. Summary of the characteristics of relevant reviews.

Author, year, country,  Purpose or objectives Search: databases  Inclusion criteria Exclusion criteria  Study designs

agent, and setting and years

«  Author and year: *1) Isthere sufficient MEDLINE, 1S12 + “Relevanceofthe .  Conferencepa- Epidemiological

Li et al [13], 2007
«  Country: China
o Agent: airborne
infectious diseases
o Setting: multiple
built environments

o Author and year:
Luongo et a [19],

2016

«  Country: United
States

o Agent: infectious
agents

o Setting: buildings

« Author and year:
Derby et al [20],
2017

«  Country: United
States

« Agent: multiple
infectious agents

e Setting: laboratory
and multiple built
environments

« Author and year:
Chiricoet a [21],
2020

o  Country: Italy
(corresponding au-
thor)

« Agent: SARS
CoV-1°, MERS
Con, or SARS
CoV-2

e Setting: indoor en-
vironments

evidence to support that
the ventilation rate
and/or the airflow pat-
tern are contributing
cause(s) for the spread
of airborne infectious
diseases? 2) If so, is
there good evidence/ da-
tato support the specifi-
cation and quantification
of minimum ventilation
requirements to mini-
mize the transmission of
airborne infectious dis-
easesin different settings
(nosocomial or other-
wise)?’

To review epidemiologi-
ca studiesexamining the
association between

ventilation (at least one

HVACP parameter) and
airborne transmission of
infectious agentsin
buildings

“To assess the quality
and quantity of available
data and to identify re-
search needs’

“To conduct abroad sur-
vey of post-1985 litera-
tureregarding the effects
of low humidity on com-
fort, health, and IEQ[in-
door environmental
quality]”

“To identify existing
knowledge and know!-
edge gaps, aswell as
confounding variables’

“To evaluate the
COVID-19risk associat-
ed with the presence of
air-conditioning sys-
tems’

Web of Knowl-

edge, and Sci-
enceDirect (1960

to March 2005); °
reviewed therefer-
ences of retrieved
articles

Science Direct, .
Web of Knowl-

edge, MEDLINE

or PubMed, Engi-
neering Village,

and Google Schol-

ar (search datesnot
reported)

Engineering Index
(Compendex),
Web of Science,
and Google Schol-
ar; citation search
of key papersin
Scopusand Google
Scholar (search
datesnot reported);
citation checking
of relevant review
papers

PubMed or MED-
LINE, PubMed
Central, Google
Scholar, and
medRxiv (July 11,
2020); cross-refer-
encing

articleto the two
key research ques-
tions’

“Research tech-
niques employed
must have been sci-
entifically robust,
repeatable and reli-
able”

“Original articlesin
English”

“ Specifically used
an epidemiologic
study design and
that described or
measured some
HVAC parameter
within the context
of the hypothesized
associations”

Controlled studies
that focus on
healthy, human par-
ticipantsin resi-
dences and work-
places with at least
one data point
wheretherelative
humidity is 40%
and provide new da-
taand report temper-
ature

Original studies
(observational and
experimental) of
humans in indoor
environments, ex-
posed to air-condi-
tioning systems,
with respiratory in-
fection outbreaks
caused by SARS-
CoV-1, MERS
CoV, or SARS
CoV-2

Studiesin English
Studieswithnotime
limit

pers and ab-
stracts

o “Descriptive
articleswithout
an explicit de-
tailed analytic
component”

o Work before
1960

e  Modeling stud-
ies

e Publication &f-
ter 1985 (un-
less papers
present unique
data not previ-
ously re-
viewed)

« Review papers
not analyzed in
depth

. Narrative re-
views, opin-
ions, and com-
mentaries

«  Experimenta
studies on air-
bornetransmis-
sion of coron-
aviruses not as-
sociated with
outbreaks

studies (+/- detailed
ventilation studies),
case-control, cohort,
intervention, ques-
tionnaire, animal,
mathematica model-
ing

“Epidemiologic
studiesinvestigating
the association of at
least one HVAC-re-
lated parameter with
an infectious dis-
ease-related out-
comein buildings
(almost al studies
reported ventilation
rates or COy)”

Experimenta studies
(laboratory testing

studies), transmis-

sion studieswith ani-
mal models, model-
ing studies, and epi-
demiological studies

Observational and
experimental studies
(including modeling
and CFD® simula-
tion studies)
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Author, year, country,  Purpose or objectives Search: databases

Inclusion criteria

Exclusion criteria

Study designs

agent, and setting and years

o Authorandyear: « “Toassesstheabilities MEDLINE
Zhen et d [23], of different interventions (PubMed), CEN-
2020 to decreasetheincidence  TRAL (Cochrane

«  Country: South of droplet-based infec-  Library), Web of
Africa(correspond- tions among peopleus-  Science (Clarivate
ing author) ing public ground trans-  Analytics); refer-

«  Agent: viruses port” encelists of rele-

such asinfluenza, vant reviews,
SARS-CoV, or WHO"s database
MERS-CoV “Global Research

e Setting: public on Coronavirus
ground transportar Disease (COVID-
tion 19)”

o« Authorandyear: « Todiscuss“theviabili- PubMed or MED-
daSilvaet a [25], ty/stability of aerosols  LINE, Web of Sci-

2021
«  Country: Portugal

containing SARS-CoV
and MERS-CoV virus-

ence, and Scopus,
references of stud-

o Agent: SARS es...to provide informa-  ieswere screened
CoV, MERS-CoV, tion on potential mitiga-
and SARS-CoV-2 tion strategiesfor SARS-
o Setting: indoor CoV-2airbornetransmis-
and outdoor envi- sion”
ronments
« Authorandyear: .« “Tocollectall available Scopus, ISI Web
Noorimotlagheta studies concerninginac-  Science, Google
[29], 2021 tivation methods, envi-  Scholar, PubMed
o  Country: Iran ronmental survival, and (MEDLINE),
* Agent: HCoVd control and prevention ~ WHO, and Ameri-
. Setting: laboratory strategies’ can Centers for

Disease Control
and Prevention;
1990-2020

experimental se-
tups

Interventions (eg,

PPEY) and relation-
ship to infections
fromviruses(eg, in-
fluenza, SARS-CoV
or MERS-CoV) in
“humans using pub-
lic transportation
(taxis, buses, trains
and subways)”
Studies published
between 2000 and
2020 in English

Studies published
since 2002 (the
emergence of
SARS-CoV)

The virus studied
was SARS- CoV,
MERS-CoV, or
SARS-CoV-2
Viability of the
virus sampled from
air was assessed
Studieswith no lan-
guage limits

Original studies
Studiespublishedin
English

Studies available
electronically (on-
line)

Studies that focus
ondisinfections, en-
vironmental sur-
vival, and control
and prevention
strategiesof HCoV's

L] “ Pal'ti CI =
pants/context
of theinterven-
tion were
healthcare
workersin
hedthcarefacil-
ities”

«  N/AD

. Review articles

« Book review

«  Guidelines

« Book chapters

« Duplicate arti-
cles

«  Shortcommuni-
cations

«  Conference
documents

o  Oral presenta-
tion

o Comments

Systematic reviews,
clinical trials, com-
parative observation-
al studies, and mod-
eling studies (owing
to limited relevant
research, the authors
discussinternational
and national guid-
ance documents)

Real-world sampling
and laboratory stud-
ies

Original research
(study designs were
not described, and
mostly experimental
|aboratory-based
studies appear)

4 Sl: Institute for Scientific Information.

bHVAC: heating, ventilation, and air-conditioning.
CSARS-CoV-1: severe acute respiratory syndrome coronavirus 1.
dMERS-CoV: Middle East respiratory syndrome coronavirus.
€CFD: computational fluid dynamics.

"WHO: World Health Organization.

9PPE: personal protective equipment.

N/A: not applicable.

'HCoV: human coronavirus.
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Table 2. Summary of the results and conclusions from relevant reviews.

Thornton et al

Author and  Results Conclusions
year
Lieta [13], « Based on multidisciplinary consensus panel: “of the 40 studies, «  “Thereisinsufficient datato specify and quantify the
2007 18 were considered as nonconclusive or not meeting evidentiary minimum ventilation requirements in hospitals, schools,
threshold to support adirect contributory role of ventilation offices, homes and isolation roomsin relation to spread of
rate/airflow pattern to the airborne spread of infectious agents, infectious diseases via the airborne route”
12 were partly conclusive or met threshold somewhat, 10were «  “Thereis strong and sufficient evidence to demonstrate
deemed clearly conclusive supporting a direct contribution.” the association between ventilation, air movementsin
buildings and the transmission/spread of infectious diseases
such as measles, tuberculosis, chicken pox, influenza,
smallpox and SARS.”
Luongoeta «  Of 13 studies (1988-2013), 11 were observational and 2were  «  “Studiesto date show an association between increased
[19], 2016 intervention studies. infectiousillness and decreased ventilation rate, however,
«  Building-related factors (eg, ventilation rates) were associated there are insufficient data to quantify how mechanical
with increased measures of illnessin 11 studies. ventilation may affect the airborne transmission of infec-
«  One study showed no association and one was inconclusive. tious agents.”

«  “Theweight of thedataimpliesthat HVAC system factors
in buildings have arole in APT; however, more studies
need to be completed, with the eventual goal of a meta-
analysis to integrate results.”

Derbyetal «  Approximately 70 articles were included overall. o Influenzavirus survival dips between 40% and 80% RH.
[20],2017 .  Ninepapersexamined the effects of humidity on viability orthe «  “Lower humidity increased virus survival for influenza.”
transmission of airborne viruses. «  Survival declines with increased length of exposure.
«  Four studies showed decreased virus viability at midrange «  “Across many low humidity studies, ventilation rates and
(~50%) RH2 exposure times were noted as confounding variables.”
«  Fivestudiesshowed “acanonica dip between 40 and 80% RH.”
«  Three studies suggested greater transmission at lower humidity
(eg, 20%-35% vs 50% RH).
«  Onestudy showed theimportance of ventilation ratesin removing
airborne viruses, especially in smaller droplets.
Chiricoeta .«  Atota of 14 studiesof outbreaksassociated with air-conditioning «  Thereisevidence of HVAC systemsfacilitating the spread
[21], 2020 systems, al in Far East (Asian countries), were included. of coronavirusesin previous outbreaksin Asian (Far East)
* Intota, 6 of 7 studies on SARS-CoV-1° indirectly proved the countries.
role of HVAC. «  Evidencefor SARS-CoV-2islimited and does not provide
*  Onestudy of MERS' showed the contamination of HVACY. sufficient evidence that SARS Cov-2 can be transmitted
« Intotal, 4 of 6 studieson SARS-CoV-2 diffusion of virusthrough by HV.A(.: s;_/stems. Generaliztion of resglts tq other re-
HVAC ywas suspected or supported by computer simulation gionsis limited because of the technological differences
: in HVAC systems.
Zhen et a « Atota of 4 studies were included. «  “Filtering air being circulated within the bus can reduce
[23],2020 .«  Onesystematic review showed that the use of public transporta- airborne transmission of influenza between passengers,
tion increased the risk of influenza transmission. and improving ventilation on atrain can decrease the risk
«  Onecase-control study did not show increased risk of influenza of influenzainfection.”
diagnosis with the use of public transport. «  Public transport increases the risk of transmission of in-
«  Two modeling studies showed that airborne infection on trains fluenza
can be reduced with facemasks, adequate ventilation, and filtra= «  Risk increases with trip duration and proximity to an in-
tion in cases where nonrecirculated air is not possible. fected individual.

«  Modeling studies suggest that adequate ventilation could

reduce transmission risk.
daSilvaeta « A tota of 11 studieswereincluded: 8 studieson air sampling «  “Temperatures ranging from 20 °C to 25 °C and relative
[25], 2021 and 3 laboratory-based experimental studies. humidity ranging from 40% to 50% were reported to have

One MERS-CoV study showed decreased stability at 70% RH

compared with 40% RH at 20 °C.

One MERS-CoV study found high robustness and strong capa-
bility to survive (63.5% of viruses remaining infectious 60 min-

utes after aerosolization) at 25 °C and 79% RH.

One SARS-CoV-2 study showed an aerosol survival time of 3

hours.

aprotective effect on viral viability for airborne SARS-
CoV and MERS-CoV."

«  “Higher temperatures and high relative humidity can have
an effect on SARS-CoV-2 viahility in the environment as
reported in previous studies’ (conclusions relate to both
indoor and outdoor environments).
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Author and  Results Conclusions
year
Noorimot- A total of 42 studies (20 of inactivation and disinfection methods, «  “Temperature and relative humidity are important factors
lagh et al 12 of environmental survival, and 10 of prevention and control in the survival of SARS-CoV-2."
[29], 2021 strategies) were included. « “Diseasetransmission viadropletsisinhibited by increas-

One study of Phi6 showed highest virus survival at RH >85%
and RH <60% with significant decrease at RH 60%-85%.

At afixed RH of 75%, infectivity decreased 2 orders of magni-
tude between 19 and 25 °C.

One study where aerosolized MERS-CoV datawere reported in
daSilvaet al [25].

One study of MERS-CoV found its robustness and strong capa-
bility to survive at 25 °C and 79% RH.

One study showed an aerosol survival time for SARS-CoV-2 of
3 hat 40% RH and 21 t023 °C and that the stability of SARS-

ing both temperature and RH in buildings.”

«  SARS-CoV-2 can survive in aerosols for approximately
3 hours.

o “Proper ventilation of the buildings in time of aerosol
generating” isrecommended (however, studies of ventila-
tion were not reviewed).

CoV-2 similar to SARS-CoV-1.

3RH: relative humidity.

PSARS-COV-1: severe acute respiratory syndrome coronavirus 1.
°MERS: Middle East respiratory syndrome.

dHVAC: heating, ventilation, and air-conditioning.

Li et a [13] examined the role of ventilation (specifically,
ventilation rates and airflow patterns) in the airborne
transmission of infectious agentsin indoor settings. The authors
included 40 English-language studies overall, with 16 (40%)
specific to viruses reported between 1962 and 2005 (median
year 1985/1996). Of the 16 studies, 3 (19%) included multiple
papers (Table 3), which increased thetotal count to 21. Of these
21 studies, 16 (76%) studies were epidemiological, 4 (19%)
involved other observationa designs, and 1 (5%) was
experimental. Of the 21 studies, 3 (14%) studies had limited
and 4 (19%) had no investigation of ventilation rates or airflow.
Studiesinvolved avariety of settings: hospitals, hospital wards,
or health clinics (9/21, 43%); aircrafts (3/21, 14%); nursing
homes (3/21, 14%); schools (2/21, 10%); high-rise apartments
(2/21, 10%); an office (1/21, 5%); and an animal cage (1/21,
5%). The viral agents included severe acute respiratory
syndrome coronavirus 1 (SARS-CoV-1,; 7/21, 33%), influenza
(5/21, 24%), meadles (4/21, 19%), chicken pox (2/21, 10%),
rhinovirus (1/21, 5%), common cold (1/21, 5%), and smallpox
(1/21, 5%). Overall quality was assessed as good for 12 (57%)
studies, average for 5 (24%) studies, and unsatisfactory for 4
(19%) studies. The researchers convened a panel of expertsin
medicine, public health, and engineering. They used amodified
Delphi approach with a final consensus meeting to rate the
“evidentiary threshold” to support their hypothesis, that is, the
direct contribution of ventilation to airborne transmission.
Among the virus studies, 8 (38%) were rated as conclusive, 8
(38%) were partly conclusive, and 5 (19%) were nonconclusive.
Among the 8 conclusive studies, 2 (25%) examined ventilation
rates and showed higher rates of infection for influenza with
lower ventilation rates and 6 (75%) demonstrated an association
between airflow patterns and the transmission of measles
(pediatric office suite), chicken pox (hospital), smallpox
(hospital), and SARS-CoV-1 (hospital). In al the studies, the
bioaerosols traveled a “considerable distance” which the
reviewers noted, “ seemed to be related to building design” [13]

https://www.i-jmr.org/2022/2/e37232

(eg, placement of heating radiator, room pressure, and functional
status of return air outlet). None of the virus studies provided
datato support “ specification and quantification of the minimum
ventilation requirements’ [13].

Luongo et a [19] examined evidence from epidemiological
studies for the association of mechanical ventilation (at least
one HVAC parameter) with the airborne transmission of
infectious agents in buildings. Although the authors included
13 English-language studies, 3 (23%) were specific to viruses,
all the studies were observational and were reported between
1996 and 2011 (median year 2004). One of the studies had 2
papers, which increased the total count to 4 (Table 3). All 4
virus studies were also included in Li et al [13]. The settings
included nursing homes (2/4, 50%), an office building (1/4,
25%), and ahospital (1/4, 25%). The viruses represented in the
studiesincluded influenza (2/4, 50%), SARS-CoV-1 (1/4, 25%),
and rhinovirus (1/4, 25%). The review authors did not assess
methodological quality but provided a narrative commentary
on the strengths and limitations of each study. Of the 4 studies,
2 (50%) found an association between virus incidence rates,
self-reported incidence rates, and the risk of exposure with
HVAC design features. In a retrospective cohort study of a
SARS-CoV-1 outbreak in a hospital, the authors measured
ventilation rates and found that “proximity to index patient
associated with transmission” [19]. The authors of the second
study blindly adjusted outdoor air supply dampersin 3 office
buildings and found a significant positive association between
average CO, concentration greater than 100 ppm above
background and the frequency of rhinovirus detection in air
filters. The third study found alower incidence of influenzain
newer nursing homes that had 100% outside air delivery
(compared with older homes with 30%-70% recirculated air)
and filtered room supply (compared with no filtration) during
1 season; however, data collected over 5 subsegquent years,
reported in the fourth study, found no clear association. None
of the studies quantified the minimum ventilation requirements.
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Table 3. Relevant studies from the included reviews that are pertinent to the overview’s research question.

Lieta Luongoeta Derbyetal Chiricoeta Zhenet daSilva Noorimotlagh  Topics
[13], [19], 2016 [20], 2017 [21], 2020 a[23], etd[25], etal[29],2021
2007 2020 2021
Akers et a [39], 1966 O Humidity
Bloch et al [40], 1985 ad Ventilation (airflow)
Browne et a [24], 2016 O Ventilation (ventilation
rate)
Cadtillaet a [41], 2013 ad Virus survival or detec-
tion
Chenetal [42], 2011 O Ventilation (airflow)
delaNoueet a [43], ad Humidity
2014
Drinkaet al [34], 1996ab 0 O Ventilation (airflow) and
filtration
Drinkaet a [44], 20022 g Ventilation (airflow)
Drinkaet a [35], 200430 O O Ventilation (ventilation
rate)
Furuya [45], 2007 a Ventilation (ventilation
rate)
Gustafson et a [46], a Ventilation (airflow)
1982
Harper [47], 1961 ad Humidity
Hemmes et al [48], 1962 Humidity
Kimet a [22], 2016 0 0 Ventilation (airflow and
ventilation rate)
Leeta [49], 2004 Ventilation (airflow)
Leclair et a [50], 1980 Ventilation
Leeet al [51], 2003 O Virus survival or detec-
tion
Li et a [32], 2005° O 0 Ventilation (airflow and
ventilation rate)
Li et al [38], 2005 O Ventilation (airflow)
Li eta [52], 2020 Ventilation (ventilation
rate)
Lowen et al [53], 2007 O Humidity
Lowen and Steel [54], ad Humidity
2014
Lu et al [55], 2020 a Ventilation (ventilation
rate)
Mizumoto and Chowell a Ventilation (airflow)
[56], 2020
Moser et a [57], 1979 a Ventilation (ventilation
rate)
Myatt et al [36], 2004 O O Ventilation (ventilation
rates)
Noti et a [58], 2013 ad Humidity
Olsen et a [59], 2003 ad Ventilation (ventilation
rate)
Prussin et a [30], 2018 O Humidity
Pyankov et a [27], 2018 ] O Humidity
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Lieta Luongoeta Derbyetal Chiricoeta Zhenet daSilva Noorimotlagh  Topics

[13], [19],2016  [20],2017 [21],2020 & [23], eta [25], etal [29], 2021

2007 2020 2021
Qian et a [60], 2020 O Ventilation (ventilation

rates)
Remington et al [61], O Ventilation (ventilation
1985 rate)
Riley [62], 19784 g Ventilation (airflow)
Riley [63], 19794 ad Ventilation (airflow)
Schulman andKilbourne 0O Humidity
[64], 1962
van Doremalen et al [26], O O Humidity
2013
van Doremalen et al [28], O O Virus survival or detec-
2020 tion
Wehrleet a [65], 1970 O Humidity
Wong et a [31], 2004° O g g Ventilation (airflow) and
humidity

Xu et a [66], 2020 g Ventilation
Yang and Marr [67], O Humidity
2011
Yang et al [68], 2012 O Humidity
Yuetal [37], 2004 g Ventilation (airflow)
Yu et al [33], 2005° g Ventilation (airflow)
Zhang et a [69], 2013 O Ventilation (airflow)
Zhu et a [70], 2012 ad Ventilation (airflow)
Zitter et al [71], 2002 O Ventilation (airflow)
Total number of studies 21 4 9 14 4 4 4 N/AE

relevant to this overview
per included review

8 j et al [13] evaluated Drinkaet al [34], Drinka et al [44], and Drinka et al [35] as one.

bLuongo et a [19] evaluated Drinka et a [34] and Drinka et a [35] as one.

CLi et al [13] evaluated Li et al [32], Wong et al [31], and Yu et al [33] asone.

dieta [13] evaluated Riley et a [62] and Riley et al [63] as one.
EN/A: not applicable.

Derby et al [20] conducted a literature review to assess the
effects of low humidity (<40% RH) on comfort, health, and
indoor environmental quality. Although the review included
approximately 70 papers, 9 (13%) papers examined the effects
of humidity on the viability or transmission of airborne viruses.
Of these 9 studies, 7 (78%) were experimental (involving
laboratory testing), 1 (11%) was a reanalysis of the data from
one of the experimental studies, and 1 (11%) study involved
modeling. Most studiesfocused on influenza, with 1 study each
examining Columbia SK viruses, murine norovirus, and multiple
viruses  (influenza,  vaccinia,  Venezuelan  equine
encephal omyelitis, and poliomyelitis). Most studies examined
awiderange of RH, from approximately 5% to 25% RH at the
lower range to 75% to 100% RH at the upper range. The

absol ute humidity was approximately <25 g/m®in all 9 studies
except 1 (11%) (which ranged from 25t0 125 ¢/ m3). Thereview

https://www.i-jmr.org/2022/2/e37232

authorsdid not assess the methodol ogical quality of theincluded
studies. In terms of virus viability, 4 studies (44%) showed a
reduction in midrange RH (ie, approximately 50% RH). The
review authors further noted that 5 studies (56%) showed that
“virus survival exhibited a canonical dip between 40 and 80%
RH” [20] and that in almost all the cases, the declinein survival
was correlated with increased length of exposure. In total, 3
studies (33%) examined influenza transmission. One study
showed reduced influenza transmission among guinea pigs at
50% RH versus 20% to 35% RH; however, the same pattern
was not found when the researchers analyzed the data based on
absolute humidity. A second study examined transmission via
coughing using manikins and found 5 times more infectious
virusat 7% to 23% RH than at >43% RH. A modeling study of
influenza virus transmission via coughing showed that the
infectious virus concentration was 2.4 times more at 10% RH
than at 90% RH after 10 minutes, and the ratio increased over
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time. They also demonstrated that the effect of humidity is
related to the particle size: the settling of larger particles and
inactivation of smaller particles (<5 um) with greater humidity.
They concluded that the inactivation resulting from high RH
coupled with ventilation was important to remove smaller
particles.

Chirico et a [21] conducted a rapid review (streamlined
systematic review methods) to examine the potential role of
air-conditioning (HVAC) systemsin “outbreaks of coronaviruses
(SARS-CoV-1, MERS-CoV, SARS-CoV-2) in indoor
environments’ [21]. Theauthorsidentified 14 studies published
between 2003 and 2020 (n=11, 79% peer-reviewed studies and
n=3, 21.4% preprints all concerning SARS-CoV-2); the studies
investigated outbreaksin Hong Kong (n=7, 50%), South Korea
(n=1, 7%), Japan (n=3, 21%), and China (n=3, 21%). Of 14
studies, 7 studies (50%) examined 2 outbreaks associated with
SARS-CoV-1: 5 (71%) studies examined outbreaks (different
areas or groups of individuals) within the same hospital, and 2
(29%) studies investigated an outbreak in the same private
high-rise housing estate. Of the 7 SARS-CoV-1 studies from
Chirico et al [21], 5 (71%) are shared references with Li et al
[13] (Table 3). The review authors indicated that 6 of 7
SARS-CoV-1 (86%) studiesindirectly demonstrated arole for
the HVAC system (through epidemiol ogical data, spatiotemporal
patterns of infection, or modeling). Of 14 studies, 1 (7%) study
investigated an outbreak of Middle East respiratory syndrome
coronavirus (MERS-CoV) in ahospita setting and demonstrated
the contamination of the HVAC system through environmental
sampling [22]. Of 14 studies, 6 (43%) studies investigated
outbreaks of SARS-CoV-2: 1 (17%) study examined 318
outbreaks in 120 cities in China, including community and
workplace settings; 3 (50%) studies examined an outbreak on
aship in Japan; and 2 (33%) studies examined the same outbreak
in a restaurant. A total of 3 (50%) observationa studies
suspected a role for the HVAC system, 2 (23%) studies (both
of ship outbreak) did not find evidence of a role for HVAC
based on the spatiotemporal distribution of cases, and 1 (17%)
study (of restaurant outbreak) supported a role for HVAC by
computer simulation. The review authors indicated that they
were not able to appropriately evaluate the quality of the
included studies. The review authors concluded that there is
sufficient evidencefrom SARS-CoV-1 and MERS-CoV studies
demonstrating arole for HYAC in the airborne transmission of
the viruses, however, there was not sufficient evidence that
HVAC systems play an important role in the case of
SARS-CoV-2. Although there is a lack of evidence for
SARS-CoV-2, there was no evidence of no role.

Zhen et a [23] conducted a rapid review of “the role of public
ground transport in COVID-19 transmission” and “interventions
that may reduce transmission” [23]. The authors searched for
studies published since 2000 and identified 4 relevant studies,
published between 2007 and 2016, namely 1 (25%) systematic
review, 1 (25%) case-control study, and 2 (50%) modeling
studies. The systematic review by Browne et a [24] identified
41 studies examining the risk of transmission of Influenza A
(HIN2/09) (n=29, 71% studies), SARS-CoV (n=5, 12% studies),
both influenzaand SARS-CoV (n=2, 5% studies), MERS-CoV
(n=2, 5% studies), or unspecified viruses (n=3, 7% studies)
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related to sea (n=6, 15% studies), ground (n=6, 15% studies),
or air (n=29, 71% studies) transport. Zhen et a [23] summarized
resultsfrom 4 quantitative studiesincluded in Browne et al [24]
and concluded that the “use of public transport increased the
risk of influenza transmission” [23]. Zhen et al [23] identified
amulticenter case-control study that showed alower probability
of Influenza A (H1IN1/09) diagnosis with public transport use
(metro, bus, tram, or loca train) and no association with
diagnosis and the use of trains, arplanes, or taxis. The
case-control study was assessed as having a moderate risk of
biasby Zhen et a [23]; the risk of biaswas not reported for the
other 3 studies (75%). Zhen et a [23] alsoidentified 2 modeling
studies: one estimated the reproduction number for influenza
infection in atrain, and the other tested simulations to predict
influenza infection probability for 4 bus ventilation systems.
Thefirst modeling study showed that masks could decrease the
reproduction number, resulting in a lower risk of disease
transmission, with high-efficiency particulate air masks being
more effective than surgical masks. Furthermore, doubling the
ventilation rate reduced the risk, similar to the use of
high-efficiency particul ate air masks, and was considered more
feasible and cost-effective. The second modeling study showed
that influenzatransmission risk can be reduced when the infected
passenger is positioned closer to the exhaust opening and with
high-efficiency filtration in the case where nonrecircul ated air
cannot be provided. Given the limited number of research
studies, Zhen et a [23] also identified and discussed national
and international guidance documents, for example, those
published by WHO [104-110]. Although general
recommendations have been madeto reducerisk (eg, minimizing
the use of public transport, environmental controls, respiratory
etiquette, hand hygiene, and mask use), there is no indication
of the empirical evidence specific to these measures, in
particular mechanical ventilation.

daSilvaet al [25] conducted asystematic review to discuss*“the
viability/stability of aerosols containing SARS-CoV and
MERS-CoV viruses’ with an intent “to provideinformation on
potential mitigation strategies for SARS-CoV-2 airborne
transmission” [25]. The review authors identified 11 studies.
Of these 11 studies, 8 (73%) studies examined the viability of
coronaviruses in air samples, but the review authors did not
describethe relationship with HVAC features, including 1 (13%)
MERS-CoV study [22], which was described earlier by Chirico
et a [21]. Theremaining 3 (27%) studieswere |aboratory-based
experimental studies of coronaviruses. Inone MERS-CoV study,
the virus was aerosolized at 20 °C with 40% or 70% RH,
showing decreased stability at 70% RH compared with 40%
RH [26]. The other MERS-CoV study examined virus
inactivation under 2 conditions [27]: common office
environment (25 °C and 79% RH) and Middle Eastern region
climate (38 °C and 24% RH). In the simulated office
environment, “the virus demonstrated high robustness and strong
capability to survive with about 63.5% of viruses remaining
infectious 60 min after aerosolisation. Virus decay was much
stronger for hot and dry air scenario with only 4.7% survival
over 60 min procedure” [25]. One of the studies showed an
aerosol survival time of 3 hours for SARS-CoV-2 [28]. The
review authors did not assess the methodological quality of the
included studies; however, they commented on some limitations.
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The review authors concluded that “higher temperatures and
high relative humidity can have an effect on SARS-CoV-2
viability in the environment as reported in previous studies to
this date” [25]. However, their conclusions were based on
studies of both indoor and outdoor environments.

Noorimotlagh et a [29] performed a systematic review of
SARS-CoV-2 literature “to collect all available studies
concerning inactivation methods, environmental survival, and
control and prevention strategies’ [29]. Although 42 studies
were identified, 4 provided information on temperature and
humidity in the built environment, investigating MERS-CoV
(n=2, 50%), SARS-CoV-1 and SARS-CoV-2 (n=1, 25%), and
Phi6 (n=1, 25%), which is a bacteriophage used as a surrogate
for viruses. All of them were laboratory-based experimental
studies. The review authors did not assess or comment on the
methodol ogical quality of theincluded studies. The aerosolized
MERS-CoV datafrom van Doremalen et al [26] were reported
by da Silva et a [25] although not extracted by Noorimotlagh
et a [29]. A MERS-CoV study found that the virus had
robustness and strong capability to survive at 25 °C and 79%
RH [27]; this was a shared reference with da Silva et al [25].
Although da Silvaet al [25] reported the SARS-CoV-2 survival
time from van Doremalen et a [28], Noorimotlagh et a [29]
further clarified that the aerosol survival time of 3 hours for
SARS-CoV-2 was a 40% RH and 21-23 °C and that the
stability of SARS-CoV-2 was similar to that of SARS-CoV-1
[28]. The Phi6 study showed the highest virus survival at >85%
RH and <60% RH with asignificant decrease between 60% and
85% RH [30]. At a fixed humidity of 75% RH, infectivity
decreased by 2 orders of magnitude between 19 and 25 °C [30].
The review authors concluded that “temperature and relative
humidity areimportant factorsin the survival of SARS-CoV-2”
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[29] and that “disease transmission viadroplets is inhibited by
increasing both temperatureand RH in buildings’ [29]. A review
recommendation was “proper ventilation of the buildings in
time of aerosol generating” [29]; however, studies of ventilation
were not reviewed.

Network of Included Reviews

The network of the 7 included reviews and their 47 references
relevant to this overview was created using Palladio (Figure 2).
Overdl, 12 references were shared among the 7 included
reviews. However, the network clearly demonstratesthat Derby
et al [20] and Zhen et a [23] shared no references with the 5
other reviews. In actuality, the 12 references were shared
between 5 reviews (Figure 2). da Silva et a [25] and
Noorimotlagh et a [29] shared 3 references regarding
experimental studies of MERS-CoV and SARS-CoV-2[26-28]
(Table 3). In addition, da Silva et a [110] shared 1 reference
on MERS-CoV isolation wards [22] with Chirico et al [21].
Three reviews, Li et a [13], Luongo et a [19], and Chirico et
al [21], shared areference on SARS-CoV-1 in hospital wards
[31]. Li et a [13] and Chirico et a [21] shared other related
referenceson SARS-CoV-1in hospita wards[32,33]. Similarly,
Li et a [13] and Luongo et a [19] shared studies on influenza
in nursing homes [34,35] and rhinovirus in offices [36]. Li et
al [13] and Chirico et al [21] shared 2 other referencesregarding
SARS-CoV-1 in high-rise apartment complexes [37,38]. Not
only were the 12 references shared only between 5 reviews, 8
of these references were shared with 1 2007 review by Li et al
[13], and the remaining 4 references were shared with 1 2021
review by da Silvaet a [25] (Figure 2). Although 35 of the 47
references were not shared, the 12 shared references were
captured by the earliest review (2007; [13]) and one of the latest
reviews (2021; [25]).
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Figure2. Network representing relevant references (gray circles) fromthe 7 included reviews (black circles): 1_Li_2007; 2_Luongo_2016; 3 Derby 2017;
4 Chirico_2020; 5 Zhen 2020, 6 _daSilva_2021; 7_Noorimotlagh _2021. Shared References are as follows: 1_Li_2007, 2_Luongo_2016, and
4 _Chirico_2020 shareWong_2004; 1 Li_2007 and2_L uongo_2016 share Drinka_1996, Drinka 2004, and Myatt 2004; 1_Li_2007 and4_Chirico_2020
shareLi_2005 g, Li_2005_b, Yu 2004, and Yu_2005; 4_Chirico_2020and 6_daSilva 2021 share Kim_2016; 6_daSilva_2021 and 7_Noorimotlagh 2021

share vanDoremalen_2013, Pyankov_2018, and vanDoremalen_2020.
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Quality Assessment

Table 4 provides the assessments of the methodological quality
of the reviews based on AMSTAR2. In total, 3 (43%) papers
described themselves as systematic reviews, 2 (29%) wererapid
reviews, 1 (14%) was a broad literature survey, and 1 (14%)
was described simply as a review. The majority provided
detailed research questions, explained study designs considered
for inclusion, used a comprehensive search strategy, described
theincluded studies, discussed the heterogeneity of results, and
reported potential conflicts of interest. None or few reviews

https://www.i-jmr.org/2022/2/e37232

RenderX

provided an a priori protocol, performed study selection and
data extraction in duplicate, provided alist of excluded studies,
conducted risk of bias assessments of individual studies, or
reported on the sources of funding for the included studies.
None of the reviews conducted a meta-analysis; al of them
provided a narrative synthesis of the results and observations
acrosstheincluded studies. A previousreview [19] spoke about
the need for more well-designed studies (including
representative sampling and clear and consistent measurement
methods and reporting of data) with the goal of using
meta-analysis to integrate the results.
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Table 4. Methodological quality of the relevant reviews based on AMSTAR2.

AMSTAR2 question Lieta Luongoet Derbyeta Chiricoet Zheneta daSilvaet Noorimot-

[13],2007 al[19], [20],2017 a [21], [23],2020 al [25], lagh et al
2016 2020 2021 [29], 2021

1. Did theresearch questionsand inclusion criteriafor  Yes Yes Yes Yes Yes Yes Yes

the review include the components of PICO?

2. Did the report of the review contain an explicit No No No No No No No

statement that the review methods were established

prior to the conduct of the review and did the report

justify any significant deviations from the protocol ?

3. Did thereview authorsexplain their selection of the  Yes Yes Yes Yes Yes No No

study designs for inclusion in the review?

4. Did the review authors use a comprehensive litera- Yes Partial Yes Partial Yes Yes Yes Yes Partial Yes

ture search strategy?

5. Did the review authors perform study selectionin ~ Yes No No No No Yes Yes

duplicate?

6. Did the review authors perform data extractionin ~ No No No No No No No

duplicate?

7. Did the review authors provide a list of excluded No No No No No No No

studies and justify the exclusions?

8. Did thereview authors describetheincluded studies  Yes Yes Partial Yes Yes Yes Yes Yes

in adequate detail ?

9. Did the review authors use a satisfactory technique No No No No Partial Yes No No

for assessing the risk of bias (RoB) in individual

studies that were included in the review?

10. Did the review authors report on the sources of No No No No No No No

funding for the studies included in the review?

11. If meta-analysis was performed did the review Nometaa Nometaa Nometaa Nometaa Nometaa Nometa  No meta

authors use appropriate methods for statistical combi- analysis analysis analysis analysis analysis analysis analysis

nation of results? conducted conducted conducted conducted conducted conducted conducted

12. If meta-analysis was performed, did the review Nometaa Nometa= Nometaa Nometaa Nometa Nometa  No meta

authors assess the potential impact of RoB inindivid- analysis analysis analysis analysis analysis analysis analysis

ual studies on the results of the meta-analysisor other conducted conducted conducted conducted conducted conducted conducted

evidence synthesis?

13. Did thereview authorsaccount for RoB inindivid-  Yes Yes No No Yes Yes No

ual studieswhen interpreting/discussing the results of

the review?

14. Did the review authors provide a satisfactory ex-  Yes Yes Yes Yes Yes Yes No

planation for, and discussion of, any heterogeneity

observed in the results of the review?

15. If they performed quantitative synthesisdidthe  Nometa= Nometaz Nometaz Nometaa Nometaz Nometa  No meta

review authors carry out an adequate investigation of  analysis analysis analysis analysis analysis analysis analysis

publication bias (small study bias) and discussits conducted conducted conducted conducted conducted conducted conducted

likely impact on the results of the review?

16. Did thereview authorsreport any potential sources Yes Yes Yes Yes Yes Yes Yes

of conflict of interest, including any funding they re-
ceived for conducting the review?

Discussion

Principal Findings

This comprehensive overview of reviews providesamap of the
existing synthesized evidence on the role of HVAC in airborne
virustransmission. The earliest review by Li et a [13] published
in 2007 found evidence of an association between ventilation
rates and airflow patterns in buildings and the transmission of
viral diseases. Li et a [13] found no studies that provided
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minimum ventilation requirementsto prevent the spread of viral
diseases; however, they found 1 study showing that tuberculin
conversion was significantly associated with ventilation rates
of <2 air changes per hour in general patient rooms [111].
Published in 2007 shortly after the 2003 SARS-CoV-1 epidemic,
Li et a [13] caled for a“multidisciplinary research culture” to
study outbresks, as well as smaller-scale transmission
occurrences, for filling the gap with respect to quantifying
minimum ventilation standards in both clinical and nonclinical
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settings. A subsequent review by Luongo et al [19] published
almost 10 yearslater, in 2016, included asubset of 4 of thevirus
studiesidentified by Li et a [13], with similar conclusions about
the possible association between ventilation features (low
outdoor air supply and imbalancein supply and exhaust airflow
rates) and airborne virus transmission. Luongo et a [19] also
pointed out the lack of data to quantify how mechanical
ventilation may affect airborne transmission and the need for
more well-designed multidisciplinary epidemiological studies.
More recently, in response to the current COV1D-19 pandemic,
Chirico et a [21] examined HVAC systems and their role in
the airborne transmission of coronaviruses; they concluded that
there was sufficient evidence demonstrating an association for
SARS-CoV-1 and MERS-CoV, whereas there was a lack of
evidence for SARS-CoV-2. Derby et a [20] specificaly
examined the role of humidity in relation to indoor air quality;
the evidence they identified was specific to influenza and
showed that virus survival was lowest between 40% and 80%
RH and that survival time decreased with the length of exposure
to humidity. One of the studies from Noorimotlagh et a [29]
indicated that aerosolized SARS-CoV-2 can survivefor 3 hours
at 40% RH and 21 to 23 °C [28]. In another recent review
published in 2021, da Silva et a [25] examined mitigation
strategies and found 2 studies demonstrating that coronavirus
transmission decreased with increasing both temperature and
RH in buildings. A recent review (2020) by Zhen et al [23]
examined interventions to reduce virus transmission in public
ground transportation; 2 modeling studies showed ventilation
and filtration to be effective.

Comparison With Prior Work

Although there is an extensive body of literature examining
HVAC anditsrolein airbornevirustransmission, thereisalack
of empirical evidence to quantify the minimum standards for
HVAC design features in the built environment. Previous
reviews have discussed this gap, stressed the need for
methodologically rigorous epidemiological studies involving
multiple disciplines (eg, engineering, medicine, epidemiology,
and public health), and discussed considerations for future
research, including the specificity of the virus, its construction
and envelope composition, the infectious dose, and the size of
the particle containing the virus. Thereview authorshave called
for standardizing experimental conditions, measurements,
terminologies, and reporting as well as ssmulating real-world
conditions[19,20,25]. Animportant consideration in designing
rigorous studies is controlling for confounding factors. HVAC
systems operatein acomplex environment; for example, Derby
et a [20] noted several confounding variablesto be considered
when interpreting their findings on humidity and temperature
including “variation in air exchange rate, length of organism
exposure, variation in the biological structure and routes of
entry, variation of pathogen survival on different fomites, and
variancesin human host response” [20]. They further noted that
the number and complexity of the variablesto consider “greatly
increases the test matrices required” [20] to build a
comprehensive evidence base. Studies have also demonstrated
theimportance of the positioning of theinfected person relative
to HVAC features and other occupants, mobility patterns and
activities (eg, type and intensity of respiratory activity) of the

https://www.i-jmr.org/2022/2/e37232

Thornton et al

occupants, time spent within a space, occupancy, and occupant
density. Despite the specification of airflow parameters, the
flow of air in occupied spaces is aimost always turbulent (vs
laminar) such that particles* are constantly mixing and moving
in varied ways across a space” making assessments and
predictions challenging [112]. Finally, research results need to
be interpreted in light of the technological differences in the
HVAC systems around the world [21]. Engineers have
developed sophisticated methods (through modeling,
computational fluid dynamics, etc) that allow for the isolation
of features and control for confounding variables. However,
these studies rely on many assumptions that may not hold in
real-world settings or are specific to an assumed building design
or configuration. In addition, these studies may isolate 1
component in the chain of transmission, which does not
necessarily equate to the actual disease (eg, the detection of
viral particles vs infectivity vs disease outcomes) [19,20,25].
The results from modeling studies need to be considered
alongside epidemiological studies. Previous reviews have
highlighted many challenges with studying outbreaks: Li et al
[13] mentioned that the “most inherent limitation in almost all
existing investigations is due to the rapid disappearance of
airborne evidence of infection, once the infectious period is
over” [13]. They proposed as a solution “contemporaneous
air-sampling and environmental measurements’ [13] inlocations
during a patient’sillness, which could be extended to locations
of high use or occupancy during a pandemic or seasonal
epidemics.

Strengths and Limitations

The strengths of this study include its comprehensiveness and
the use of methods to avoid bias, such as the prespecification
of inclusion and exclusion criteria and involvement of at least
two reviewers at all stages. The main limitation stems from the
limits of the included reviews. We initially intended to include
only systematic reviews that met internationally recognized
definitions and methodological expectations. However, we
relaxed our criteria given that many reviews did not meet this
standard. Although most reviews prespecified their research
guestion and conducted acomprehensive search, few conducted
study selection and data extraction in duplicate asrecommended
toavoid bias, and very few assessed the methodol ogical quality
or risk of bias of the included studies, which is key to
determining the validity and certainty of the available evidence.
We aso did not find reviews of all HVAC design features; for
example, none of theincluded reviews examined UV germicidal
irradiation (although a recent narrative review has been
published in the context of COVID-19 [72]), and only a small
number of studies across the reviews examined filtration.

Implications

The findings of this overview have several implications for
public health measures to mitigate the spread of viral
transmission in buildings. First, ventilation rates and airflow
patterns have been shown to be associated with virus
transmission. Second, humidity and t