
Edited by

eHealth in 

Chronic Diseases

Irene Torres-Sanchez and Marie Carmen Valenza

Printed Edition of the Special Issue Published in 
International Journal of Environmental Research and Public Health

www.mdpi.com/journal/ijerph



eHealth in Chronic Diseases





eHealth in Chronic Diseases

Editors

Irene Torres-Sanchez

Marie Carmen Valenza

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editors

Irene Torres-Sanchez

University of Granada

Spain

Marie Carmen Valenza

University of Granada

Spain

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

International Journal of Environmental Research and Public Health (ISSN 1660-4601) (available at: https:

//www.mdpi.com/journal/ijerph/special issues/ehealth diseases).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Volume Number,

Page Range.

ISBN 978-3-0365-2902-8 (Hbk)

ISBN 978-3-0365-2903-5 (PDF)

© 2022 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.



Contents
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Janet Rodrı́guez-Torres, Araceli Ortiz-Rubio and Marie Carmen Valenza

Efficacy of Web-Based Supportive Interventions in Quality of Life in COPD Patients, a
Systematic Review and Meta-Analysis
Reprinted from: Int. J. Environ. Res. Public Health 2021, 18, 12692, doi:10.3390/ijerph182312692 . 351

Samuel Bonet Olivencia, Arjun H. Rao, Alec Smith and Farzan Sasangohar

Eliciting Requirements for a Diabetes Self-Management Application for Underserved
Populations: A Multi-Stakeholder Analysis
Reprinted from: Int. J. Environ. Res. Public Health 2022, 19, 127, doi:10.3390/ijerph19010127 . . . 371

vii





International  Journal  of

Environmental Research

and Public Health

Article

Digital Health Transition in Rheumatology:
A Qualitative Study

Felix Mühlensiepen 1,2,*, Sandra Kurkowski 3, Martin Krusche 4, Johanna Mucke 5, Robert Prill 2,6,

Martin Heinze 1,7, Martin Welcker 8, Hendrik Schulze-Koops 9, Nicolas Vuillerme 10,11,12, Georg Schett 13,14 and

Johannes Knitza 10,13,14

Citation: Mühlensiepen, F.;

Kurkowski, S.; Krusche, M.; Mucke, J.;

Prill, R.; Heinze, M.; Welcker, M.;

Schulze-Koops, H.; Vuillerme, N.;

Schett, G.; et al. Digital Health

Transition in Rheumatology: A

Qualitative Study. Int. J. Environ. Res.

Public Health 2021, 18, 2636. https://

doi.org/10.3390/ijerph18052636

Academic Editor: Irene

Torres-Sanchez

Received: 20 January 2021

Accepted: 2 March 2021

Published: 5 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Center for Health Services Research, Brandenburg Medical School Theodor Fontane,
15562 Rüdersdorf, Germany; martin.heinze@immanuelalbertinen.de

2 Faculty of Health Sciences Brandenburg, Brandenburg Medical School Theodor Fontane,
14476 Potsdam, Germany; Robert.Prill@mhb-fontane.de

3 Department of Palliative Medicine, CCC Erlangen-EMN, Universitätsklinikum Erlangen,
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU), 91054 Erlangen, Germany;
Sandra.Kurkowski@uk-erlangen.de

4 Rheumatology and Clinical Immunology, Charité Universitätsmedizin Berlin, 10117 Berlin, Germany;
martin.krusche@charite.de

5 Policlinic and Hiller Research Unit for Rheumatology, Heinrich-Heine-University,
40225 Duesseldorf, Germany; Johanna.Mucke@med.uni-duesseldorf.de

6 Department of Orthopaedics and Trauma Surgery, Brandenburg Medical School Theodor Fontane,
Municipal Clinic Brandenburg, 14770 Brandenburg, Germany

7 Department of Psychiatry and Psychotherapy, Brandenburg Medical School Theodor Fontane,
Immanuel Klinik Rüdersdorf, 15562 Rüdersdorf, Germany

8 Medizinisches Versorgungszentrum für Rheumatologie Dr. M. Welcker GmbH, 82152 Planegg, Germany;
Martin.Welcker@rheumatologie-welcker.de

9 Division of Rheumatology and Clinical Immunology, Department of Medicine IV,
Ludwig-Maximilians-Universität München, 80336 Munich, Germany;
Hendrik.Schulze-Koops@med.uni-muenchen.de

10 AGEIS, Faculty of Medicine, Université Grenoble Alpes, 38706 Grenoble, France;
Nicolas.Vuillerme@univ-grenoble-alpes.fr (N.V.); johannes.knitza@uk-erlangen.de (J.K.)

11 Institut Universitaire de France, 75006 Paris, France
12 LabCom Telecom4Health, Université Grenoble Alpes & Orange Labs, 38400 Grenoble, France
13 Department of Internal Medicine 3—Rheumatology and Immunology, Friedrich-Alexander University

Erlangen-Nürnberg and Universitätsklinikum Erlangen, 91054 Erlangen, Germany;
georg.schett@uk-erlangen.de

14 Deutsches Zentrum für Immuntherapie, Friedrich-Alexander University Erlangen-Nürnberg and
Universitätsklinikum Erlangen, 91054 Erlangen, Germany

* Correspondence: felix.muehlensiepen@mhb-fontane.de

Abstract: The global COVID-19 pandemic has led to drastic changes in the management of patients
with rheumatic diseases. Due to the imminent risk of infection, monitoring intervals of rheumatic
patients have prolonged. The aim of this study is to present insights from patients, rheumatologists,
and digital product developers on the ongoing digital health transition in rheumatology. A qualitative
and participatory semi-structured fishbowl approach was conducted to gain detailed insights from a
total of 476 participants. The main findings show that digital health and remote care are generally
welcomed by the participants. Five key themes emerged from the qualitative content analysis:
(1) digital rheumatology use cases, (2) user descriptions, (3) adaptation to different environments of
rheumatology care, and (4) potentials of and (5) barriers to digital rheumatology implementation.
Codes were scaled by positive and negative ratings as well as on micro, meso, and macro levels. A
main recommendation resulting from the insights is that both patients and rheumatologists need
more information and education to successfully implement digital health tools into clinical routine.

Keywords: rheumatology; chronic disease; digital health; eHealth; telemedicine; remote care; patient
perspective; qualitative research; fishbowl discussion; content analysis
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1. Introduction

COVID-19 has led to drastic changes in the management of patients with rheumatic
diseases. Due to the imminent risk of infection, monitoring intervals of rheumatic patients
have prolonged [1,2]. Some were cancelled or postponed, whereas others were replaced by
video consultations [1,3], thereby catalyzing digital disruption in healthcare. Besides the
COVID-19-induced uptake of digital health [4], the Digital Health Act, passed in December
2019, reshapes the German healthcare system [5]. Measures include the introduction of
digital health applications into the statutory health insurance scheme, the implementation
of digital patient records, and the promotion of video consultation hours [3,5]. Due to
aggravating challenges, such as the declining number of rheumatologists [6], the aging pop-
ulation, and the need for early diagnosis [7] and continuous monitoring [8], rheumatology
is considered to have a great potential to benefit from a digital health transition [2,9].

In a response to the current challenges and uptake of digitization, a virtual fishbowl
discussion was organized at the annual scientific conference of the German Society of
Rheumatology (DGRh Congress), which took place in September 2020. Patients, rheuma-
tologists, and industry stakeholders had the opportunity to exchange information and
experiences on digital health in rheumatology. The aim of this study is to present insights
from patients, rheumatologists, and digital product developers on the ongoing digital
health transition and innovation potentials in rheumatology in Germany.

2. Materials and Methods

The authors conducted a virtual fishbowl discussion [10] on the question “How does
the internet affect the doctor–patient relationship?” at the first virtual annual conference
of the German Society for Rheumatology 2020 (9–12 September 2020). The event was
scheduled for 90 min. It consisted of two introductory key notes on digital health services in
rheumatology and the actual fishbowl discussion. The discussion was recorded, transcribed
verbatim, and later examined using qualitative content analysis [11].

Recently, the fishbowl technique has been successfully implemented in national
rheumatology conferences [12]. It is a validated method, fostering open group discus-
sions and engagement of all audience members [13]. By including an expert panel (inner
circle) and one empty chair for an alternating audience member, the technique promotes
a dynamic and direct exchange with the audience. The authors intended to hold a face-
to-face fishbowl discussion at DGRh Congress 2020. Due to the COVID-19 pandemic, the
entire conference was held virtually, using Zoom™-based software (Zoom Video Commu-
nications Inc, San Jose, CA, USA) [14]. Hence, the authors successfully tested the fishbowl
discussion as an online format (Figure 1).

Figure 1. Virtual fishbowl discussion (in accordance with Muehlensiepen et al. [10]).
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The inner circle of the fishbowl discussion consisted of one patient representative,
two rheumatologists, and two digital product developers. To contribute to the discussion,
they used the “hand raise” function to communicate with the moderator (F.M.). Audience
members (the outer circle) who wanted to take part in the discussion and take the empty
seat in the inner circle had to report this interest in the chat and were registered in the
speaker list. When it was their turn, the participants’ cameras and microphones were
activated by tech support. After their statement, the participants left the inner circle of the
discussion again.

As the fishbowl was part of the official congress program, delegates could also partici-
pate in the discussion without taking part in the study: either by not contributing verbally
or by indicating that their contribution would be deleted from the recording. However,
delegates did not use this option.

Analysis was based on qualitative content analysis by Philip Mayring [11]. The
fishbowl discussion was audio-recorded and subsequently anonymized and transcribed
verbatim. The transcript was imported into MAXQDA 2020 Software (VERBI GmbH,
Berlin, Germany) [15]. The data analysis involved four steps (Figure 2).

Figure 2. Qualitative content analysis: iterative coding process.

Step 1: Two scientists with a background in healthcare science (F.M., male, PhD) and
social science (S.K., female, M.Sc.) independently examined the material line by line, coded
inductively with regard to the content (thematic coding) and formulated as closely to the
notes as possible. Additionally, codes were scaled in accordance with Kurkowski et al. [16].
Formal and scaled codes were assigned simultaneously and deductively to matching text
sections. Positive and negative connotations were differentiated (scaling). Codes were
scaled to the category “positive rating” if they contained clearly positive expressions (e.g.,
“ideal,” “great opportunity”), whereas the codes were scaled as “negative” if they expressed
a clearly negative connotation (e.g., “we do not wish,” “a negative example”). If codes could
not be assigned to a positive or negative scaling, they were not considered in the further
analysis. Step 2, after approximately 70% of the material was coded, the two scientists
(F.M. and S.K.) exchanged their codes and compared their codes and assignments. After
this, they defined the main categories and subsumed relating codes. The main categories
represent the central themes and aspects of the discussion: (1) digital rheumatology use
cases, (2) user descriptions, (3) adaptation to different environments of rheumatology care,
and (4) potentials of and (5) barriers to digital rheumatology implementation (Figure 3).
The categories, potentials (4), and barriers (5) of digital rheumatology implementation were
grouped into micro, meso, and macro levels. Codes were assigned to the macro level if
they related to the German health system. The meso level referred to rheumatology care as
a whole. The micro level concerned the individual patient–practitioner level. Step 3: After
reworking the code system, one scientist (F.M.) coded the remaining notes. Step 4: S.K.
performed an additional consistency check, and inconsistencies were resolved. To ensure
validity of the data analysis, the results of the analysis were reviewed and confirmed
by participants of the fishbowl discussion (M.W., H.S.K., and J.K.) before drafting the

3



Int. J. Environ. Res. Public Health 2021, 18, 2636

manuscript. For the presentation of the results, representative quotes of the discussion
transcript were selected, translated, and included in the text. The manuscript has been
compiled in accordance with the Consolidated Criteria for Reporting Qualitative Research
(COREQ) [17] (please refer to Supplementary Materials 1).

Figure 3. Qualitative content analysis: main categories (according to Kurkowski et al. 2020 [16]).

Ethical approval was not sought for the present study as this manuscript reports on
the results of a discussion held during a virtual medical conference. Despite this, all authors
declared to adhere to the Declaration of Helsinki in its current form in all steps of this
project [18]. Discussion participants were informed of the audio recording, transcription,
and subsequent analysis of the discussion. In the course of transcription, all data and
personal references were removed. There was no risk involved in participating in the
discussion. The manuscript does not allow identification of individuals.

3. Results

A total of 476 delegates attended the 90-min session. The actual fishbowl discussion
lasted 56 min. In total, there were 19 content contributions by 12 delegates: 9 rheuma-
tologists, 2 digital product developers, and 1 patient representative. Seven of the 19
contributions came from audience members from the outer circle (37%).

3.1. Digital Rheumatology Use Cases

Delegates discussed various examples of how digital health could complement rheuma-
tology care. Implementation of electronic health records in Germany was considered to
have great potential for boosting doctor–patient relationships as well as tracking previous
medical care, resulting in more efficient use of scarce time:

“Electronic patient records—the next big thing. I see this as an extremely great opportu-
nity to strengthen the doctor–patient relationship and this precious therapy time of five
minutes and so on.” (Patient representative I)

Participants pointed out the importance of implementing a digital national health
portal where patients could access validated and evidence-based information about their
medical conditions:
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“I consider the concept as a chance to provide sensible content to patients, to people, in a
centralized way.” (Rheumatologist I)

The introduction of healthcare apps into German Social Health Insurance system is
expected to have great potential and a positive impact on rheumatology care as well:

“I think this extension and supplementation of care through digital health apps, DiGAs,
will be a nice, good, viable addition.” (Digital product developer I)

“On the one hand sensitivity and specificity [of diagnosis apps] is very poor at 50 percent.
But on the other hand it’s still 20 percent higher than the referral of the non-experienced
general practitioner, with a specificity of about 30 percent. That means there’s a clear po-
tential for improvement without any physical examination, as you said, with the methods
of [name of a certain digital health application] or [name of another application] or other
diagnostic apps. But the power has already been demonstrated.” (Rheumatologist II)

Delegates also discussed negative examples of digital healthcare in chronic diseases.
Approaches were seen as negative when they are disconnected from the “regular” health
system and digital healthcare is not controlled by medical practitioners:

“But that’s what you read now in magazines again and again in a striking way: A patient
has foam in her urine, feels somehow bad, weary, and so on, goes to the convenience store,
somehow hands in her sample and then receives her results digitally, oh, she knows it’s
lupus? That is, I think, not exactly the good start to a chronic patient’s career and good
care that we actually want.” (Patient representative I)

Additionally, delegates identified insecure sources and misinformation on diseases
as a danger of digital health. Furthermore, they expressed their opposition to invalidated
digital health applications without proof of benefit. Interestingly, video consultations were
not a main discussion topic.

3.2. User Descriptions

Discussants identified patients with a stable course of their chronic rheumatic disease
as potential users of digital health tools:

“And, for a well-cared for or well-adjusted patient like me, a doctor’s contact is really
necessary only once a year for therapy monitoring reasons, and if there is something
beyond that, like maybe checking whether my blood pressure needs to be adjusted, talking
to the doctor once in a while, that would of course be ideal to cover the perhaps necessary
two to three doctor’s contacts a year once briefly via a secure telemedicine platform.”
(Patient representative I)

Digital health can also significantly help considering rare diseases:

“Particularly in the area of rare diseases or unusual symptoms, patients also do research
on the internet if they do their research well, find good sources or do research at orga-
nizations or patient self-help organizations. Patients who use swarm intelligence can
also arrive more quickly at more or less target-oriented diagnostic suggestions. That is a
knowledge gain overall.” (Patient representative I)

Among physicians, early adopters were mentioned as potential users of digital health.
Less technophile rheumatologists are not likely to use digital health very soon.

“My rheumatologist is like that; she tells me that she won’t invest in any digital in-
frastructure here and I know five, six, seven rheumatologists who are of the same age.”
(Patient representative I)

According to the patient representative, monetary incentives or even sanctions for
practitioners who decline to connect to digital infrastructure would be strategies to spread
digitization in rheumatology care. According to the delegates, knowledge and digital
health literacy are low among both practitioners and patients.
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3.3. Adaptation to Different Environments of Rheumatology Care

Throughout the fishbowl discussion, participants agreed that digital health can com-
plement current rheumatology care, but not replace face-to-face appointments. Digital
health tools should be directed by medical practitioners. Diagnosis as well as impor-
tant therapy decisions should be carried out by rheumatologists after a thorough clinical
examination. Diagnosis, exclusively based on digital health, was strongly rejected by
the discussants:

“Initial diagnosis is only possible by the rheumatologist in direct physical contact and
after detailed clinical examination. And then later on, you can talk about how the patient
can be followed up by the internet or video consultation or anything else. That’s my
opinion at least.” (Rheumatologist III)

“Hey, a qualified initial diagnosis should please, please, please be made by a qualified
rheumatologist. I think that is the consensus here in the panel.” (Patient representative I)

However, on the other side, participants mentioned different environments of rheuma-
tology care, where digital healthcare could contribute. These are medical history, follow-up
appointments, and disease monitoring:

“Many patients have no idea what kind of medication they are taking, what kind of therapy
they actually want, and I often spend most of my time gathering all this information.
Electronic patient records could be a huge relief and I think that it is the key to speed up
digitization.” (Rheumatologist II)

“Yes, I am well-adjusted and my CRP is fine. But with new digital tools, for example the
app that [name of a digital health application] is going to launch in the area of disease
monitoring or something like [name of another application] . . . new solutions for disease
monitoring are entering the market, which will contribute to maintaining the ability
to work.” (Patient representative I)

Participants of the fishbowl discussion also highlighted the importance of digital
approaches to ensure adequate and safe rheumatology care during the COVID-19 pandemic.
They believe that secure and validated information on the internet can help people access
adequate rheumatology care. Most importantly, this applies to the therapy of rare diseases.

3.4. Potentials of Digital Rheumatology Implementation

In regard to the healthcare system (macro level), the discussants highlighted the
German Digital Health Act, which is anticipated to contribute to a digital transition of
healthcare in the coming years:

“It has been passed and eight months later the first products are about to be approved. I
think that is the speed of light for the health system and shows again how the legislator
wants to support this transition.” (Digital product developer I)

To increase the knowledge of medical practitioners and patients with regard to digital
health services, the discussants call for education and information campaigns:

“It can only be done with education and information campaigns. How should patients and
practitioners receive the information, that there is the possibility of prescribing apps . . .
and which ones are available . . . and how good they are?” (Digital product developer II)

Despite this momentum, the benefits of digital health applications still have to
be proven:

“Digitization is not positive in itself, but it might be positive in its effect and this
effect still has to be proven, in other words, evaluated. And in the digitization law and
specifically also for the introduction of apps, there is still a necessity to prove the benefit.”
(Rheumatologist I)

According to the participants, a broader spectrum of rheumatology care services
(meso level) will be available through digital transition. This provides the opportunity
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to effectively allocate the scarce human resources available in rheumatology care. The
effective use of digital health in rheumatology can be supported by the innovative medical
professional associations and active patient organizations:

“How do the individual specialist areas position themselves in regard to digitalization and
apps? I think that the rheumatologists—to praise them once again—are pretty much at
the forefront here, as is the group of Young Rheumatologists and the Digital Commission.
Ultimately, I consider it very state of the art to deal with the topic in this way.” (Digital
product developer II)

In addition, digital health was also seen as a way to enhance the attractiveness of
rheumatology as a profession in general:

“I think this is precisely where digital aids could offer a very exciting aspect and expansion:
To the extent that the job description of a rheumatologist becomes much more interesting
and attractive when one knows that one can deal with digital, innovative tools in the
treatment of patients.” (Digital product developer I)

On the micro level, respectively, individual level, patients and physicians could benefit from
an improved accessibility to rheumatology care and the reduction of “unnecessary” appointments:

“Because I also think it might be quite pleasant for patients to do without one or two
unneeded doctor’s appointments.” (Rheumatologist III)

“As long as things are fine, I don’t need to travel through the city to a non-accessible
doctor’s office, anyways.” (Patient representative I)

Since much of the relevant information can be provided digitally in advance, the
digital transition could increase consultation time:

“Digitization allows us to have more time to talk. That is the quality of care, which is
also increasing, because if I have already answered all the questions asked beforehand,
then I have maybe five more minutes in the conversation with the patient, and that is an
essential five minutes of conversation to improve the perceived care.” (Rheumatologist I)

3.5. Barriers to Digital Rheumatology Implementation

At the macro level, the discussants identified limited digital infrastructure and equip-
ment as barriers to digital health transformation in Germany:

“In many parts of society, that not only include special circumstances, but also students
and the general population, from patients to doctors, who simply do not have the technical
equipment. And I don’t even want to mention the 5G network, which is also not available
in Germany.” (Rheumatologist IV)

On the meso level, the discussants pointed out that the current remuneration systems
in rheumatology care are not designed for digital approaches and does not incentivize them:

“ . . . also the remuneration of digital services. And I think this is the challenge right
now, especially in rheumatology . . . set it up digitally and get away from ‘well, I only
want to see the patients who also bring me the money, but I try to care for the patients
according to their needs with digital support’.” (Digital product developer I)

This results in a barrier on the micro level at the same time. Practitioners could suffer
financial losses through the use of digital health. Furthermore, digital health could lead to
a wealth gap on the part of patients, which results in health opportunities being distributed
unequally, a digital divide in healthcare:

“We also have to consider that digitalization creates a wealth gap: people who cannot
afford large contracts, good mobile phones, good tablets, do not have good access. And
this is also evident in telemedicine and applications, where these systems are not being
used. Thus, I believe that we also have to consider the social aspect.” (Rheumatologist I)
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Finally, the confusing numbers of available digital tools, limited individual knowledge
and interest concerning digital health represent a barrier to digital transition in daily
rheumatology practice:

“These apps that we are supposed to recommend—to pick up on this—I personally have
a very, very hard time with them in my day-to-day practice. Surprisingly, not a single
patient has asked me for an app so far. So, all this information is not yet there and then I
once again ask you: Why has no patient asked for it yet?” (Rheumatologist V)

4. Discussion

We performed a qualitative study using a virtual fishbowl discussion on digital
transition in rheumatology with 476 participants at the first virtual conference of German
Society for Rheumatology 2020. The qualitative approach provides a unique insight on
the status quo of digital rheumatology from the perspectives of patient representatives,
rheumatologists, and digital product developers.

The participants revealed a positive view toward digital transition. They identified
digital health as a valuable addition to current rheumatology care, mentioning various use
cases that could support existing services: electronic patient records, digital health appli-
cations (diagnosis assistance/monitoring), and implementation of a health information
portal. The participants of the fishbowl discussion rejected digital approaches if these were
decoupled from the traditional healthcare system. Final diagnosis and therapeutic deci-
sions should exclusively be made by rheumatologists. Digital health should be integrated
into rheumatology care routines but must not entirely eradicate personal patient–doctor
interaction [2]. Digital rheumatology is considered as supportive regarding anamnesis,
follow-up appointments, monitoring, and (validated) information on services and diseases.
The discussants highlighted patients with stable disease courses as potential telemedicine
users. This is in line with the research by Kulcsar et al. [19]. The importance of digitally
provided information for patients with rare diseases was stressed. The accelerating and
connecting effect of digitization—“digital crowdsourcing”—to inform patients is consistent
with previous results by Krusche et al. [20] and Ruffer et al. [21]. On the other hand,
with regard to the medical practitioners, less technophile doctors would not be likely
to adopt digital health in their clinical routines, according to the discussants. Similarly,
low eHealth literacy and skepticism was observed among older rheumatic patients [22].
Overall, knowledge on digital health is still very limited among practitioners and patients
according to the discussants. Previous survey data [23,24] confirm this lack of knowledge
as a main barrier. It also appears that in particular highly affected patient groups are
significantly less interested in eHealth [25]. On the macro level, the participants in the
fishbowl discussion pointed out that German Digital Health Care Act as well as education
and information campaigns could foster digital transition. The weak digital infrastructure
and equipment in Germany is a barrier from the discussants’ perspectives. Regarding
rheumatology care as a whole (meso level), digital transition could support effective alloca-
tion of scarce rheumatology workforce and enhance the attractiveness of rheumatology as
a profession. It has been demonstrated that telemedicine-based monitoring is not clinically
inferior to standard follow-up [26]. Furthermore, it has been demonstrated that digitally
complemented lectures increase students’ interest in rheumatology [27]. The participants
identified inadequate remuneration systems and a lack of incentives as a potential barrier
to digital health on the meso level. This underlines the high relevance of innovative and
sustainable funding systems for large-scale implementation of eHealth [28]. On the indi-
vidual patient–practitioner level (micro level), digital health could improve accessibility of
rheumatology care services, increase individual consultation time, and at the same time
enable the care of more patients overall by time savings in clinical practice. This is in line
with recent qualitative findings that point to the potential of digital health contributing to
patient-centered care in rheumatology [29]. The opportunities of digital health in rheuma-
tology care are contrasted by possible financial losses among practitioners and limited
knowledge about digital health as barriers. Finally, the influence of the digital transition
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on social disparities and the allocation of health opportunities is controversially discussed
and needs to be intensively observed [30–32].

Study findings could have direct implications for informing guidelines on remote
care in rheumatology and can help to successfully implement digital health tools in the
management of rheumatic diseases. A main strength of this study is the inclusion of
potential users of digital health and in particular patient representatives. To the best
of our knowledge, this is the first qualitative study in rheumatology that included the
three stakeholders: patients, rheumatologists, and digital product developers. We also
highly recommend the virtual fishbowl format [10], as it is an outstanding option for
multi-perspective, interactive discussions and, during COVID-19, a solid alternative to
physical face-to-face debates. Compared to other discussion formats, i.e., panel discussions
or large debates, fishbowl discussions encourage active participation of non-experts and
enable the inclusion of multiple perspectives [12].

The study design has several limitations. The study reports on the content of one 54-
min discussion session. Because conference delegates chose to participate in the discussion
based on their interest in the topic, a self-selection bias and a rather positive attitude
toward digital health is likely to exist. The two introductory key notes on digital services
in rheumatology might have positively biased the subsequent fishbowl and our results.
Although fishbowl is an inclusive, participatory discussion technique, not all attendees
participated equally in the discussion. The discussion was held at a virtual medical
conference including mainly rheumatologists. The patient perspective is underrepresented,
as mostly physicians expressed their views and only one patient representative actively
took part in the discussion.

5. Conclusions

German patients, rheumatologists, and digital health developers expressed a generally
positive attitude toward the digital health transition in rheumatology. It could contribute to
effective allocation of scarce resources, improve accessibility, and enhance the attractiveness
of rheumatology as a profession. Digital health may certainly complement rheumatology
care, but (final) diagnosis and key decisions are to remain in the hands of rheumatologists,
according to the participants of the fishbowl discussion. Patients and rheumatologists
need more information and education to successfully implement digital health tools into
clinical routine.
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Abstract: (1) Background: Regular contact with a medication therapy management (MTM) pharma-
cist is shown to improve patients’ understanding of their condition; however, continued demonstra-
tion of the value of a pharmacist delivered comprehensive medication review (CMR) using enhanced
MTM services via telehealth is needed. The study aimed to describe a pilot program designed to
improve type 2 diabetes mellitus (T2DM) management through enhanced condition specific MTM
services. (2) Methods: This retrospective study included patients with T2DM aged 40–75 years
who received a pharmacist-delivered CMR between January and December 2018. An evaluation of
glycosylated hemoglobin (HbA1c) values 3 months pre- and post-CMR was performed. Wilcoxon
signed-rank and chi-square tests were used. (3) Results: Of 444 eligible patients, a majority were
female (58%) with a median age of 70 years. Median HbA1c values post-CMR were lower than
pre-CMR (median 7.1% range 4.5–13.6; median 7.4% range 4.5–13.9, respectively; p = 0.009). There
were fewer participants with HbA1c >9% post-CMR (n = 66) than pre-CMR (n = 80; p < 0.001) and
more with HbA1C <6.5% post-CMR (n = 151) than pre-CMR (n = 130; p < 0.001). (4) Conclusion:
This program evaluation highlighted the value of an enhanced condition specific MTM service via
telehealth. Patients had improved HbA1c values three months after receiving a single pharmacist
delivered CMR.

Keywords: type 2 diabetes; pharmacist; glycosylated hemoglobin; medication therapy management;
comprehensive medication review; telehealth; T2DM

1. Introduction

Medication therapy management (MTM) services aim to optimize medication use,
reduce medication-related problems, and reduce overall healthcare costs. One component
of MTM services is an annual comprehensive medication review (CMR), which may be
conducted by pharmacists or other qualified providers in a variety of ways, including
in-person at provider offices and community pharmacies, or via the telephone [1,2]. It is
known that MTM pharmacists play an integral role in assessing the patient’s understanding
of his/her conditions and therapeutic regimens through regular contact and accessibility [3].
Yet, patients do not typically receive regular follow-up contact from MTM pharmacists
beyond the annual CMR encounter.

Evidence linking pharmacist involvement to improved clinical outcomes and patient
empowerment has led to the expansion of the pharmacist’s role in chronic disease man-
agement for several chronic conditions [4–9]. An example of this is in the management
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of type 2 diabetes [10]. For example, one study found that, for patients with type 2 dia-
betes, pharmacist delivered care significantly improved their ability to self-manage their
condition, as seen by decreased glycosylated hemoglobin (HbA1c) clinical values 6 months
post intervention [11]. Research also shows that through MTM counseling on lifestyle
modifications (e.g., physical activity, nutrition), disease state management, and medication
adherence, pharmacists make an important contribution to the diabetes care team [12].
Hence, MTM services are a crucial component of ensuring optimal outcomes in diabetes
care given their ability to improve medication safety and effectiveness.

Although previous work has demonstrated the economic, clinical, and humanistic
benefits of pharmacist delivered MTM services [8–11], an enhanced, condition specific
MTM program for patients with type 2 diabetes mellitus (T2DM) has not yet been evaluated
in the literature. A pilot, condition specific, pharmacist delivered MTM program was
therefore implemented by a national MTM provider to empower self-management of
tT2DM, optimize medication regimens, address gaps in care continuity, improve glycemic
control, reduce risks of diabetes-related complications, and improve chronic condition
management for patients with T2DM. Patients were identified by their respective health
plan based on eligibility criteria set forth by the Centers for Medicare and Medicaid Services
and then contacted by the national MTM provider. The purpose of this paper is to describe,
within the context of MTM, a pilot program designed to improve T2DM management
through enhanced condition specific MTM services integrated into an annual pharmacist
delivered CMR service.

2. Materials and Methods

2.1. Description of Program

The CMR included an interactive, systematic assessment of patient-specific health
information and medications to identify and resolve drug therapy problems and to improve
health outcomes. The CMR was conducted using an audio-only telehealth (i.e., telephone
call) application. Quality checks were performed on CMRs conducted by the pharmacists
to ensure consistency and standardization.

First, the medication list was reconciled within the software program (RxCompan-
ion™, Tucson, AZ, USA) and medication names, strengths, doses, routes, frequencies,
and indications were recorded and assessed for drug-drug interactions, medication safety
concerns, and appropriateness using telehealth. Next, patient allergies and reactions were
recorded and assessed for contraindications. Pharmacists at the call centers were assisted
by proprietary software that raised alerts for medication non-adherence, therapeutic dupli-
cations, and missing guideline-directed therapy.

Next, the pharmacist conducted a condition specific review via telephone. If the patient
was diagnosed with T2DM, pharmacists were expected to address each of the following
through teach-back education: (1) fasting blood sugars; (2) patient understanding of how
to identify and manage hypoglycemia and hyperglycemia; (3) patient knowledge of how
their most recent HbA1c compared to the previous value; (4) whether their HbA1C was
uncontrolled based on provider recommendations; and (5) a review of results with self-
monitoring of blood glucose. The pharmacist used these findings to have meaningful
conversations about lifestyle factors to improve blood glucose management and address
specific times of the day that were problematic for the patient.

Based on the patient response, the pharmacist provided teach-back education and an
individualized written summary to empower self-management of T2DM. The patient was
mailed a personalized medication list in the Centers for Medicare & Medicaid Services
standardized CMR format upon completion of the CMR. The pharmacist directly contacted
the provider via telephone or facsimile if they identified patient issues related to access to
medication, therapeutic recommendations warranting a dosage change. The pharmacist
referred the patient to their provider for further diabetes management and/or suggested a
diabetes educator or dietician as needed.
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2.2. Description of Sites

The MTM service provider offered an annual standardized CMR to qualified patients
based on benefits eligibility. The MTM service provider started providing services via
telehealth in 2006. Five national MTM call centers employed by the MTM service provider
were included in the pilot program and presented a suite of MTM services to meet the
performance needs of health plans and patients, mainly through pharmacist-delivered
telehealth medication reviews. The centers consisted of a team dedicated to improving
health, wellness, and chronic disease management through MTM services adopting an
interprofessional team model that included: pharmacists, pharmacy technicians, student
pharmacists, pharmacy residents, nursing students, and registered nurses.

2.3. Study Population

Patients were included in this program evaluation if they received an annual CMR
in 2018 from a pharmacist employed by the MTM service provider. Additional patient
criteria included: age 40 to 75 years; diagnosis of T2DM denoted by international classifi-
cation of disease (ICD)-10 coding (e.g., E11.0–E11.9); and, had a presence of one or more
oral antihyperglycemic prescriptions based on claims data. The Centers for Medicare &
Medicaid Services (CMS) assess certain oral antihyperglycemics in performance metrics to
analyze medication adherence for diabetes medications, which include: biguanides, sul-
fonylureas, thiazolidinediones, dipeptidyl peptidase-4 (DPP) inhibitors, incretin mimetics,
meglitinides, or sodium-glucose co-transporter-2 (SGLT2) inhibitors. Medicare beneficia-
ries who only use insulin are not included in this CMS metric, and were subsequently
excluded from the study. Additionally, patients who were 40 years of age or younger and
older than 75 years were excluded from the study.

2.4. Data Collection and Analysis

This program evaluation used retrospective patient data from one MTM service
provider between 1 January 2018 and 31 December 2018. The variables of interest included:
(1) age; (2) gender; (3) race/ethnicity; (4) number of medications; (5) HbA1c three months
pre-CMR; and (6) HbA1c three months post-CMR. Health marker data was provided by
health plan to the national MTM provider. A pre-post study design was used. For nominal
data, a chi-square test was used. For internal level data with a non-normal distribution, a
Wilcoxon signed-rank test was used. Descriptive data were also calculated. All tests used
an a-priori α level of 0.05. Data analysis was conducted using IBM SPSS Statistics v2015
(IBM Corp, Armonk, NY, USA). This program evaluation was approved by the institutional
review board (No. 1911128095).

3. Results

A total of 444 patients were included in the program evaluation, of which 264 were
female and 180 male. The median age of patients was 70 years of age (range 40–75). The
median number of medications per patient was 21 (range 9–60). Additional baseline patient
demographic information is outlined in Table 1.

Median HbA1c values post-CMR were lower than pre-CMR scores (median 7.1% range
4.5–13.6 and median 7.4% range 4.5–13.9, respectively; Z = −2.60, p = 0.009). An HbA1c
threshold of greater than 9% was used to identify patients at highest risk for microvascular
and macrovascular complications, as well as mortality. There were fewer participants
with HbA1c >9% post-CMR (n = 66) compared to pre-CMR (n = 80; p < 0.001), and there
were more participants with HbA1C <6.5% post-CMR (n = 151) compared to pre-CMR
(n = 130; p < 0.001). A subgroup analysis was conducted to assess the impact in adults
and the elderly. Of 444 patients, 104 (23%) were adults and 340 (75%) were older adults.
Additional data concerning the number and percent of patients in each HbA1c strata pre-
and post-CMR are in featured in Table 2.
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Table 1. Baseline characteristics for participants (n = 444).

Characteristic Median (Range)

N (%)

Gender
Male

Female
180 (40)
264 (58)

Race/Ethnicity
Asian
Black
White

Unknown/Other
Hispanic

8 (2)
32 (7)
37 (8)

337 (76)
30 (7)

Note: Percentages may not equal 100% due to rounding and missing values.

Table 2. Comparison of HbA1c values pre-comprehensive medication review (CMR) intervention
and post-CMR intervention.

Pre-CMR Post-CMR p-Value

Total population N = 444

HbA1c N (%) N (%)

<6.5% 130 (29) 151 (34) <0.001

6.5–9.0% 234 (52) 227 (51) <0.001

>9.0% 80 (18) 66 (15) <0.001

HbA1c * Median (range) Median (range) p-value

7.4 (4.5–13.9) 7.1 (4.5–13.6) 0.009

Adults (40–64 years of age) N = 104

HbA1c N (%) N (%)

<6.5% 24 (23) 40 (38) <0.001

6.5–9.0% 51 (49) 46 (44) <0.001

>9.0% 29 (28) 18 (17) <0.001

HbA1c * Median (range) Median (range) p-value

7.8 (4.8–13.2) 7.1 (4.5–12.1) 0.002

Elderly (65–75 years of age) N = 340

HbA1c N (%) N (%)

<6.5% 106 (31) 111 (33) <0.001

6.5–9.0% 183 (54) 181 (53) <0.001

>9.0% 51 (15) 48 (14) <0.001

HbA1c * Median (range) Median (range) p-value

7.2 (4.5–13.9) 7.4 (5.0–13.6) 0.256
HbA1c: glycosylated hemoglobin; * HbA1c data had a skewed distribution, hence median and range were
reported. Differences between the pre- and post-groups were calculated using the Wilcoxon signed-rank test
given that the data were dependent (i.e., the same people were included in the pre- and post-groups).

4. Discussion

Our study highlights the effect of an enhanced condition specific MTM service de-
signed to improve HbA1C control in patients with T2DM via telehealth. The most impor-
tant finding was the significant difference between median HbA1c values pre- and post-
CMR. This provides preliminary evidence to support the value of an enhanced diabetes
specific MTM service in preventing the risk of microvascular and macrovascular complica-
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tions associated with an HbA1c >9% [13]. The evidence also supports the value in assisting
patients to achieve a desired HbA1c <6.5%, especially those who have a longer remain-
ing life expectancy, fewer comorbidities, and a lower risk of hypoglycemia. Hence, we
demonstrated in this study that the telehealth approach, by itself, had a significant impact
on HbA1C control and represents another complimentary option to the use of medical
devices, biosensors, or smart phone applications to support patients in their own homes.

MTM services are a crucial component of ensuring optimal outcomes in diabetes
care [14]. The MTM pharmacist plays an integral role in assessing the patient’s understand-
ing of his/her condition and therapeutic regimens through regular contact and accessibil-
ity [3]. One study found that, for patients with T2DM, pharmacist-delivered information
significantly decreased HbA1c values and improved patient knowledge [11]. Another
study found improved indicators following pharmacist provided MTM services [15]. An-
derson et al. also found improved T2DM health markers following telehealth MTM phar-
macist services [8]. In addition to managing T2DM, MTM service provider pharmacists
also help reduce cardiovascular related complications and morbidity. Research shows
that through MTM counseling on lifestyle modifications, disease state management, and
medication adherence, pharmacists make an important contribution to the diabetes care
team [12].

It is well known that preventative care is one of the most efficient ways to maintain
patient health and to reduce healthcare costs [16]. Moczygemba et al. found that telephonic
MTM programs reduced both medication- and health-related problems [10]. Thus, CMRs
via telehealth can be thought of as preventative healthcare. The results of this study suggest
that pharmacists can provide preventative care that may help to address unmet patient
needs stemming from primary care provider shortages in the United States.

Telephonic CMRs are an effective method to enhance patient care and to reduce
healthcare expenditures because they can optimize medication therapy and empower
patients [16]. Another benefit of telephonic CMRs is that they can provide access to phar-
macists who speak the patient’s preferred language, thus increasing culturally responsive
patient care [17]. This is applicable because the MTM service provider in our study provides
CMRs via telehealth to patients in over 30 languages. An additional advantage of tele-
phonic CMRs is improved ease for patients to reconcile medication lists while remaining in
their residences, rather than transporting pill bottles to another site and unintentionally
forgetting one at home [1]. Future research should evaluate the relative association of each
of these components on patient outcomes.

The results of our pilot program further suggest a role for MTM pharmacists in pro-
viding preventative care that may help to address unmet patient needs stemming from
primary care provider shortages in the United States. One novel aspect of this program
was the use of a telephonic condition specific review designed to assist patients with poorly
controlled T2DM. The condition review allowed the pharmacist to discover patient specific
challenges in glucose management and offered customized solutions based on their HbA1c
and fasting blood glucose goals. In addition, the condition reviews were an effective
method to enhance patient care by optimizing medication therapy and empowering pa-
tients. These results support the need for pharmacists to fill gaps in care subsequent to
national provider shortages in the United States of America [16].

The successes of the pilot program provides lessons learned to other MTM providers
aiming to improve quality measures for patients with T2DM. These findings parallel
other studies that have shown pharmacist-delivered medication counseling and healthcare
education to be valuable in improving clinical values [17].

Limitations

This pilot evaluation study design prohibited the establishment of a causal relationship
between the CMR and diabetes outcomes, as it did not control for length of the CMR,
class of antihyperglycemic medication, specific changes to the medication list, patient-
specific responses to the condition review, other comorbidities, or whether the patient
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sought services from their provider during the three-month time post-CMR. Hence, the
study was not able to capture the clinical significance, nor the cost-effectiveness of the
outcomes observed as there were limitations in data available to the research team. The
study also did not capture longitudinal effects on clinical outcomes beyond three months
post-CMR. In addition, the large proportion of patients with unknown race and ethnicity
limits generalizability. Thus, these pilot program findings are not generalizable to all
Medicare beneficiaries. In future studies, it would be prudent to collate data from the
telehealth application regarding the length of the consultation. It is also suggested that
researchers collect specifics from the software program on the type of medication and
compare differences in the list pre- and post-intervention. One final suggestion is to
integrate a complimentary follow-up consultation with the patient to assess for diabetes
management from other healthcare providers.

5. Conclusions

This program evaluation highlights the value of pharmacist delivered CMR telehealth
services aimed to decrease HbA1C values in patients with T2DM. Future research should
evaluate the impact in a more diverse population in other countries over a longer time to
determine the cost effectiveness and clinical significance of the intervention.
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Abstract: Wearable devices (WDs) can objectively assess patient-reported outcomes (PROMs) in
clinical trials. In this study, the feasibility and acceptability of using commercial WDs in elderly
patients undergoing transcatheter aortic valve replacement (TAVR) or surgical aortic valve replace-
ment (SAVR) will be explored. This is a prospective observational study. Participants were trained to
use a WD and a smartphone to collect data on their physical activity, rest heart rate and number of
hours of sleep. Validated questionnaires were also used to evaluate these outcomes. A technology
acceptance questionnaire was used at the end of the follow up. In our participants an overall good
compliance in wearing the device (75.1% vs. 79.8%, SAVR vs. TAVR) was assessed. Half of the
patients were willing to continue using the device. Perceived ease of use is one of the domains that
scored higher in the technology acceptance questionnaire. In this study we observed that the use of a
WD is accepted in our frail population for an extended period. Even though commercial WDs are
not tailored for clinical research, they can produce useful information on patient behavior, especially
when coordinated with intervention tailored to the single patient.

Keywords: surgical aortic valve replacement; transcatheter aortic valve replacement; physical function;
wearable devices; feasibility

1. Introduction

Use of consumer wearable devices (WDs) is increasing both in daily usage and in
clinical trials [1]. Fuller et al. [1], in a recent systematic review, showed that various brands
of WDs were used in clinical studies, offering accurate measures for steps and heart rate.

The International Data Corporation (IDC) reported a Year-Over-Year Growth of 35.1%
in 2020 in the global market of WDs [2]. In clinical setting, the introduction of WDs has
brought new challenges to face. At first, the European Medicines Agency did not release
any specific guidance addressing the use of WDs. While still recognizing the importance
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of their use for drugs development, the appropriateness for a specific population, the
validity of collected data and the management of large amounts of data collected through
the device, issues concerning the choice of the suitable device depending on safety have
emerged [3].

A recent US national survey on the use of wearable healthcare devices showed that
82.38% of the people involved in the study are willing to share their health data recorded
by their WDs with their healthcare professionals [4]. The use of these technologies tends to
decline with advancing age, although the elderly, especially those with a chronic disease,
are one of the populations that could benefit most from continuous monitoring in their daily
setting. The elderly, however, have poor knowledge on the use of WDs [5]. Various studies
have investigated the impact of commercial WDs on the elderly. For example, WDs appear
to be accurate in measuring step counts and activity duration in community-dwelling
adults [6] and have a positive impact on health as their use had increased physical activity
in obese patients [7]. Since WDs are often not tailored for the elderly [8], it is important to
evaluate their acceptability in their daily life. A study evaluating the acceptance of WDs
among the elderly showed that they seem to accept them and understand the importance
of their use in healthcare setting [9].

Patients-reported outcome measures (PROMs) have been suggested in literature to
be integrated in clinical trials [10], since clinical outcomes do not measure the patients’
perception of their health status or functional being. The assessment of PROMs (i.e.,
physical function and quality of life), should be encouraged in elderly patients [11]. Physical
function assessment can be useful for evaluating outcomes not directly related to the
disease, but still relevant to maintaining personal dependence [12]. WDs can objectively
assess physical function in daily clinical practice [13,14].

High levels of physical function are essential for the success of cardiac procedures,
so much so that ad hoc cardiac rehabilitation programs have been established to improve
patients’ functional recovery through exercise therapy [15]. In the available literature
some trials have shown that, for example, after both transcatheter aortic valve replacement
(TAVR) and surgical aortic valve replacement (SAVR), physical function is improved.
SAVR and TAVR are both highly valuable options for patients with heart failure (HF), a
condition that affect mostly elderly patients as showed in a study on time trends in first
hospitalization for HF in a community-based population [16]. Patients who had a higher
level of physical function before the procedure showed more favorable trajectories [12].
Various studies have compared the two procedures in both high [17,18] and low surgical
risk patients [19]. In these studies, New York Heart Association (NYHA) score or, more
often self-reporting questionnaire [12,20,21] were used to evaluate physical functions of
these patients. However, these instruments have some limitations related to self-reporting,
for example in recall and desirability biases.

The present work aims to describe the feasibility of using WDs to monitor PROMs
in patients who undergoing TAVR/SAVR enrolled in the run-in phase of the Capability
study [22]. In this study, the feasibility and acceptability of using a commercial wearable
device in elderly patients undergoing TAVR or SAVR will be explored.

2. Materials and Methods

2.1. Study Design and Inclusion Criteria

The study design characteristics and inclusion criteria are described elsewhere [22].
This is a multicenter prospective observational study, that enrolled patients undergoing
SAVR and TAVR according to the evaluation of the local heart team since March 2018 at
the University hospital of Padova and the hospital of Vicenza.

2.2. Data Collection and Procedures

Patients were enrolled at least one week prior to the procedure. Questions related to
socio-demographic characteristics, risk factors, physical activity and clinical characteristics
were the information collected at baseline assessment. WDs along with the smartphone
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were delivered at baseline assessment. Participants completed the same assessments, except
for demographic characteristics, at one month, three months, six months and twelve months
after the procedure. From March 2020 to the end of the follow up period, assessments were
carried out only by telephone given the restrictions related to the COVID-19 pandemic.

2.3. Ethical Considerations

The study is registered in Clinicaltrials.gov (NCT03843320) and approved by the
hospital ethics committee with the protocol No 943 (4 January 2019). Written informed
consent was obtained from all patients for study participation and for data collection
through their Garmin© device account after proper explanation of the study outcomes by
a physician.

2.4. Device

A Garmin© Vívoactive® 3 smartwatch activity tracker device and a smartphone with
the Garmin Connect© application (GARMIN, Olathe, KS, U.S.) installed in the smartphone
for data transfer were provided to each patient at baseline assessment. The device used
in the study was commercially available and was chosen for its ability to estimate steps
count and sleep duration in free living environments both in the general and elderly
population [23]. Both the patient and his/her caregiver were provided with information
and trained on the use of the WD and the smartphone.

2.5. Device Setup and Usage

A personal account of the Garmin Connect© application has been created for each
patient. The app contains only patient demographics (i.e., gender, age, weight, height,
wrist of usage of the WD). Both the participants and their caregivers were not granted
access to the account. All notifications were disabled in the device and the smartphone was
cleaned by all the unrelated applications, to avoid affecting behaviors of the participants.
Participants were asked to wear the device on their wrist 24 h a day, including while
showering and sleeping, except while charging. They were asked to charge the device
daily and sync data weekly. A member of the study assisted the patients at each of follow
up for connectivity issues and for collecting data, while also remaining available by phone
and possibly in person to troubleshoot the device at any time.

Patients were also informed that they would be asked to return the device at the end
of the study. However, at the last follow up, participants were asked to choose whether to
continue using the device with the smartphone for private use. After the end of the study,
we collected no further data from the device.

2.6. Measurements

Physical function was assessed through a series of standard and validated tests: Duke
Activity Status Index (DASI) [24], Activity of Daily Living (Barthel Index) and Instrumental
Activity of Daily Living (IADL)). The DASI is a measure of functional capacity that can be
obtained by self-administered questionnaire and already used in patients that underwent
TAVR [25]. The Barthel Index (BI) evaluates activity of daily living [26] and has been used
in aortic valve replacement [27]. The DASI score ranges from 0 to 58.2, Barthel Index ranges
from 0 to 100, for both the instrument, the higher the score, the higher the functional status.
IADLs were evaluated with the scale of Lawton and Brody [28]. The higher the score, the
greater the person’s abilities. The Epworth sleepiness scale (ESS) was used to evaluate the
“subject’s general level of daytime sleepiness” [29], a higher score means higher sleepiness
and could be interpreted as follows: 0–5 lower normal daytime sleepiness, 6–10 higher
normal daytime sleepiness, 11–12 mild excessive daytime sleepiness, 13–15 moderate
excessive daytime sleepiness, 16–24 severe excessive daytime sleepiness [30].
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2.7. Acceptance of the Technology

Compliance with the use of the WD (i.e., the time the device was worn) was deter-
mined by calculating the proportion of days the device was active and the total number
of days before and after the procedure. At the end of the follow up, patients were given a
questionnaire on technology acceptance, based on the work of Puri et al. [9]. The instrument
investigated six key dimensions for WD acceptance: perceived usefulness, perceived ease
of use, privacy concerns, perceived risks, facilitating conditions and equipment characteris-
tics. Device acceptance was assessed with the question L33 as suggested in the validation
study [9], “Would you use the device you used during the last year to continue to monitor
or track your physical activity or health?”

2.8. Statistical Analysis

Continuous variables were reported as I, II (median) and III quartiles, categorical
variables were presented as absolute numbers and percentages. Wilcoxon’s test and Chi-
squared test were used to evaluate differences between TAVR and SAVR, respectively,
for continuous and categorical variables. The compliance on the use of the WDs was
summarized computing the number of days before the procedure divided by the number
of days that data was synchronized in that period, the same was carried out for the follow
up period. Significance was evaluated for p-value lower than 0.05. Data analysis was
performed with R software (version 4.0.3) [31].

3. Results

3.1. Baseline Characteristics

The patients considered eligible for the study were 17, 12 TAVR and 5 SAVR, 4 from the
center of Vicenza and the remaining from the University hospital of Padova. Eight patients
completed the entire follow up period (Flowchart Figure 1) with an enrolment rate of 47%.
Four patients were found to be ineligible after completion of the baseline assessment.

 
Figure 1. Flowchart of eligible patients in the two centers, Padova and Vicenza.

Table 1 reports patients baseline demographic characteristics by type of procedure,
TAVR or SAVR. The overall sample had a median age of 79 years, 78 in the SAVR group
and 82 in the TAVR group (p-value = 0.046).
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Table 1. Baseline characteristics of the sample according to the type of intervention, surgical aortic valve replacement
(SAVR) or transcatheter aortic valve replacement (TAVR).

N SAVR (N = 5) TAVR (N = 12) Overall (N = 17) p Value

Center
Padova

17
100% (5) 67% (8) 76% (13) 0.14

Vicenza 0% (0) 33% (4) 24% (4)

Drop out Yes 17 40% (2) 50% (6) 47% (8) 0.71

Gender
Female

17
40% (2) 67% (8) 59% (10) 0.31

Male 60% (3) 33% (4) 41% (7)

Age 17 76/78/79 79/82/85 78/79/83 0.046

Marital status
Married cohabitant

17
80% (4) 67% (8) 71% (12) 0.58

Widowed unmarried 20% (1) 33% (4) 29% (5)

Educational level
Primary

16
40% (2) 64% (7) 56% (9) 0.38

Secondary 60% (3) 36% (4) 44% (7)

Risk factors
Diabetes

17
0% (0) 8% (1) 6% (1) 0.47

Hypertension 100% (5) 75% (9) 82% (14)
Smoker 0% (0) 17% (2) 12% (2)

Status
Elective

16
100% (5) 82% (9) 88% (14) 0.31

Urgent 0% (0) 18% (2) 12% (2)

Clinical frailty scale

Well

17

40% (2) 8% (1) 18% (3) 0.25
Managing well 40% (2) 17% (2) 24% (4)

Vulnerable 0% (0) 33% (4) 24% (4)
Mildly Frail 20% (1) 25% (3) 24% (4)

Moderate Frail 0% (0) 17% (2) 12% (2)

NYHA class
1

16
20% (1) 9% (1) 12% (2) 0.82

2 60% (3) 64% (7) 62% (10)
3 20% (1) 27% (3) 25% (4)

COPD 17 0% (0) 8% (1) 6% (1) 0.78

Ejection fraction 15 57/60/62 50/58/61 54/58/62 0.49

Abbreviations: NYHA = New York heart association; COPD = Chronic obstructive pulmonary disease.

Except for age, there were no statistically differences between the SAVR and the
TAVR groups. Patients were mainly female (10, 59%), married or cohabiting (12, 71%).
Hypertension was the main risk factors in both groups, (14, 82%). Only two patients
underwent TAVR procedure in urgent status. Patients, according to clinical frailty scale
were more than vulnerable in the TAVR group (4, 33%; vulnerable, 3, 25% mildly frail and,
2, 17% moderate frail). Ejection fraction was similar in the two groups, median of 60 and
58, respectively, in SAVR and TAVR (p-value 0.49).

3.2. Score Trend

Table 2 reports the trend of the Barthel Index, DASI score, IADL index and ESS score
at each follow up according to the type of procedure. SAVR patients reported higher
physical function levels than TAVR especially at 12-month follow up (BI 100 vs. 85, DASI
19.9 vs. 12.8, respectively, for SAVR and TAVR). TAVR recorded lower levels of physical
function at baseline according to the DASI score (30.4 vs. 14.4). Physical function level was
similar at 12 months of follow up compared to the baseline assessment in both groups
according to BI. The DASI score instead showed a decrease for both groups: 30.4 vs. 19.9
and 14.4 vs. 12.8, respectively, for SAVR and TAVR. As for the IADL, there was a decrease
at 12 months from baseline both for TAVR and SAVR (6 vs. 4 for SAVR, 6 vs. 5 for TAVR).
The ESS score was highest at 12 months follow up for both SAVR and TAVR, both groups
had lower normal daytime sleepiness at each follow up.
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Table 2. Baseline characteristics according to the type of intervention. Data are reported for that underwent SAVR (3
patients) and TAVR (5 patients).

Baseline 1 Month 3 Months 6 Months 12 Months

Barthel Index
SAVR 88/95/98 92/95/98 95/100/100 72/95/98 80/100/100
TAVR 90/90/100 70/70/85 80/85/90 90/95/95 85/85/100

DASI score
SAVR 21.6/30.4/31.9 8.2/16.4/20.8 14.5/16.2/19.8 12.6/23.4/25.2 12.2/19.9/22.6
TAVR 10.7/14.4/20.4 7.2/7.2/14.4 12.7/16.4/32.5 10.7/15.4/26.9 7.2/12.8/24.4

IADL score
SAVR 4.5/6.0/6.5 2.5/5.0/6.0 2.5/3.0/4.0 1.5/3.0/3.5 3.5/5.0/5.5
TAVR 5/6/6 2/4/4 2/4/6 2/3/6 3/5/8

ESS score
SAVR 1.0/2.0/6.0 2.5/4.0/5.0 2.5/3.0/4.5 3.0/4.0/6.0 3.0/3.0/5.5
TAVR 3/3/3 3/3/4 3/5/5 4/4/5 5/5/5

Abbreviations: SAVR = Surgical aortic valve replacement; TAVR = transcatheter aortic valve replacement.

3.3. Device’s Data

Figures 2–4 show the daily trend for each patient of rest heart rate, the number of
steps and the number of hours of sleep, respectively, recorded by the device divided by
baseline and follow up period and according to the procedure. Patients that underwent
TAVR had a median rest heart rate higher than SAVR in the follow up period (median
64 vs. 57) (Figure 2).

51/57/6 58/64/69 

Figure 2. Rest heart rate trend recorded by the device according to procedure and baseline vs. follow-up period. Data in the
box are the I, median and III quartile of rest heart rate.
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1434/2701/421 851/1735/3867 

Figure 3. Number of steps trend recorded by the device according to procedure and baseline vs. follow-up period. Data in
the box are the I, median and III quartile of number of steps.

6.2/7.3/8.1 5.5/7.0/8.2 

Figure 4. Number of hours slept trend recorded by the device according to procedure and baseline vs. follow-up period.
Data in the box are the I, median and III quartile of hours of sleep.
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As for the number of steps, the SAVR group seems more active, median of 2701 steps/day
vs. 1735 of TAVR (Figure 3).

Regarding the number of hours of sleep, both groups after the procedure had a similar
median number of hours of sleep (7.3 SAVR vs. 7.0 TAVR) (Figure 4).

3.4. Compliance and Acceptance of the Technology

Data were mainly synchronized by the caregivers in both groups, only one TAVR
patient synchronized by himself the device. The WDs and the smartphones were charged
mainly by the caregivers, two TAVR patients charged their devices themselves. None
of the patients or their caregivers had used a wearable device prior to the study. The
compliance, evaluated as the percentage of days device use divided by the total number of
days, was similar in both groups and reached a median of 75.1% in SAVR and 79.8% in
TAVR (Table 3).

Table 3. Compliance on the use of the device according to the procedure, SAVR vs. TAVR. Data are reported as I quartile,
median and III quartile, median and standard deviations.

Period. SAVR (N = 3) TAVR (N = 5) Combined (N = 8) p Value

Overall 76/82/96 84+/13 39/83/100 71+/34 73/82/100 76+/28 0.92
Pre 89/100/100 93+/12 25/86/100 67+/39 65/93/100 77+/33 0.47
Post 71.1/75.1/80.1 75.8+/0.091 79.5/79.8/99.5 75.9+/32.4 73.1/79.6/88.8 75.9+/25.0 0.5

Abbreviations: SAVR = Surgical aortic valve replacement; TAVR = transcatheter aortic valve replacement.

Figure 5 shows an overview of WDs wear time for the entire study period. Valid and
missing data days are showed for each participant. The percentages of missing data vary
from 0, no data, up to 70.15%. Noticeably, the patients with only 0.55% and 0% of missing
data were those who could rely on the daily assistance of the caregiver. Only one patient
collected less than 30% of data: in this case the caregiver was not often in contact with the
patient and the patient was not able to use the smartphone autonomously.

  
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

Figure 5. Wearable device wear time for the entire follow-up period for each participant. A line that represents the period
of enrolment is reported for each participant, in blue are reported the days without missing data, in red the days with
missing data.

One patient, not reported in the analysis, stopped using the activity tracker before the
surgery due to the tightness of the strap and the caregiver unwillingness to synchronize
data. Missing data varied between 11.5% and 32.88%: in these cases, caregivers were
available on a weekly basis. The patient who collected data by himself eventually reduced
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his compliance due to the long waiting-time for the surgery. In the preoperative period,
SAVR patients synchronized data more often than TAVR ones, however this result could
be affected by the difference in the length of the pre-operative period, which was longer
for SAVR patients. In the follow up period, the compliance was similar on both groups,
75.1% vs. 75.9% for SAVR and TAVR, respectively.

3.5. Technology Acceptance Questionnaire

Table 4 reports the technology acceptance questionnaire scores for each of the seven
dimensions based on the type of procedure. Except for perceived risk dimension (median
10 vs. 5.5 SAVR vs. TAVR, p-value = 0.016) there were no differences in all the dimensions
among the two groups. The perceived risk dimensions score was higher in patients that
underwent SAVR. Four patients reported that they would wish to continue to use the
device (3 TAVR, 1 SAVR). The device characteristics satisfied the patients, the equipment
characteristics reached for both group the maximum score, the same for perceived ease of
use, also perceived usefulness showed good levels. Conversely, privacy concern (median
8 vs. 9, SAVR vs. TAVR), perceived risk (10 vs. 5 SAVR vs. TAVR) and subjective norm
(10 vs. 9, SAVR vs. TAVR) showed lower level of satisfaction.

Table 4. Differences in the technology acceptance questionnaire scores per dimension according to the procedure for the
overall sample. For each dimension is reported the maximum score. Data are reported as I, II and III quartiles. In parenthesis
is reported the highest score for each dimension.

N SAVR (N = 3) TAVR (N = 5) Combined (N = 8) p Value

Perceived usefulness (30) 7 16/16/16 17/17/17 17/17/17 0.16
Perceived ease of use (35) 7 29/30/31 32/32/32 30/32/32 0.57

Equipment characteristics (10) 7 30/31/32 30/31/32 30/31/32 0.73
Privacy concern (15) 7 7.0/8.0/9.0 9.0/9.0/9.0 8.0/9.0/9.5 0.72
Perceived risk (15) 7 10/10/10 5/5/5 5/5/8 0.009

Facilitating conditions (10) 7 5.8/6.5/7.2 7.0/7.0/7.0 6.5/7.0/7.5 0.86
Subjective norm (15) 7 9.5/10.0/10.5 8.0/9.0/10.0 8.5/9.0/10.5 0.48

Abbreviations: SAVR = Surgical aortic valve replacement; TAVR = transcatheter aortic valve replacement.

4. Discussion

This study explores the feasibility and acceptability of using a commercial wearable
device in elderly patients undergoing TAVR or SAVR.

The main findings of our study showed that there was an overall good compliance in
wearing the device (75.1% vs. 79.8%, SAVR vs. TAVR) with half of the patients willing to
continue using the device. Physical function decreased after both SAVR and TAVR, more
in TAVR patients. The ESS score increased after the procedure but remained as “normal
daytime sleepiness” according to the score, the WDs showed an increase in the number of
hours slept up to 7 h per night for both groups.

Our results showed a good overall acceptance of wearing the device during the follow
up period. These results are in line with what was reported in a recent literature review
which showed a high-level adherence in long term daily use [32]. The acceptance rate in
our study was high compared to other studies using the same device [33]. Our results
considered a longer follow up period. Studies in the literature, in order to evaluate the
compliance and acceptance of a device, considered shorter periods ranging from a few
days [34] to weeks [5]. The number of valid days in the follow up period was lower than in
the study of Henriksen et al. [35] (265 vs. 292). This result is promising in our population as
data synchronization was usually performed by a caregiver. However, this high compliance
can be explained by the desire of the patients to use of the WD to contribute to the study.

The main discomfort reported by our patients were related to the need to use another
smartphone to synchronize data with the website and connectivity issues, as also reported
in a review of activity trackers for senior citizens [36]. This could easily be avoided by
allowing the patients or the caregiver to download the app directly to their own smartphone.
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Other technical problems were related to changing accidentally the setup of the WD or of
the smartphone or forgetting to charge them. In one case, the main problem was related to
the unavailability of a WI-FI connection at home. To solve these problems the presence of a
technically skilled staff member available on request has proven to be a key point. Other
studies showed that technical problems could reduce compliance in the use of WDs [37].

There is a growing interest in evaluating the acceptability of wearable devices both
in the general and elderly population. A greater acceptance of these devices can improve
the quality of real time data collection [38]. Various studies have shown that older adults
accept the use of wearable devices, especially after facing acceptance barriers [9,35,39].
Perceived ease of use is one of the domains that has higher level in our results. This is in
line with the findings of a recent study [40] and related to the fact that, while technology
use has been increasing also in elderly people, they still need additional information and
support to adopt it [41]. A recent study showed that commercial wearable devices are
reliable for measuring physical activity level in elderly patients in real-life setting [42].
Despite this increase and the fact that elderly population is the one that can benefit the
most from the use of these devices, especially when chronic illnesses are present [34],
very few elderlies currently use daily WDs [5] or consider them in health monitoring [43].
However, the perceived ease of use recorded with the questionnaire was high for both
groups, respectively, median of 30 for SAVR and 32 points for TAVR (maximum 35).

Even though the compliance was high, the perceived usefulness was not as high in
both groups, median of 16 and 17, respectively, for SAVR and TAVR (64% and 68% of
the overall score). This is likely sue to the fact that most of the device-related procedures
were performed by caregivers and not by patients. During the follow up encounters, the
researcher reinforced the importance of collecting data from the activity tracker. Caregivers,
on the other hand, reported that having the possibility to see heart rate, number of steps and
number of hours of sleep was useful for obtaining information on the health of the patient.

Participants when asked How much would you be willing to pay for the device you
wore during the last year? (question L35) answered mainly 0 euro (4, 50%), 2 from 1 to
50 euros and 1 from 51 to 100 euros. This contrasts with what Kekade [5] reported. This
may be related to the fact that in our study the population was extremely elderly (median
78 and 82, respectively, for SAVR and TAVR), while the Kekade study considered elderly
over 65 years of age.

Cardiac rehabilitation after both TAVR and SAVR have shown improved functional
capacity in a recent review [27]. A reduction in physical function level both according to BI
and DASI score from baseline to one year follow up was showed in our sample. This result
is in contradiction of what reported in other metanalysis for TAVR [21] and both TAVR and
SAVR [12]. Cardiac rehabilitation was required only for two participants, both underwent
SAVR. So, the sole adoption of the wearable devices is not enough to improve physical
activity in these patients. In the future it would be useful to help patients in recognizing the
long-term benefits of the device, along with social support as suggested by Kononova [44]
in his study on tracker perceptions among older adults. Moreover, it would be helpful to
use the commercial wearable activity tracker in a broader physical activity intervention as
shown by the review of Brickwood [45].

Our data showed that patients that underwent SAVR were more active than TAVR
patients. A functional decline or lack of improvement after the procedure was found, as
already found by Kim in his study evaluating changes in functional status in the year after
aortic valve replacement [12]. These differences between SAVR and TAVR and no change
in functional status for TAVR may be related to the fact that TAVR group had a higher
median age and none of them had rehabilitation after the procedure.

Limitations

The main limitations of this study derived from the difficulties to recruit patients with
our strictly inclusion criteria. Moreover, the study design was adapted to the limitations
derived from the spread of the pandemic of COVID-19.
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5. Conclusions

Given the importance of developing a proper observational study to evaluate the
use of wearable devices in elderly patients that underwent TAVR or SAVR, our feasibility
study provided useful insights on how to implement further our project. In this study we
have observed that the use of a WD is accepted in our frail population for an extended
period. The use of a WD for collecting data allows the collection of data on daily basis,
directly at home, with improved quality since data does not have to be manually entered
and checked. However, the use of WDs in clinical trials requires an additional effort on
behalf of the research team. A researcher must be available to set up the device at the
beginning of the study and to solve problems related to the device. The collection of data
through a WD requires always to have an application for collecting data: this could cause
problems related to connectivity and device communication. Moreover, the transmission
of data requires a minimum ability in the use of technologies in participants. The help
of a caregiver is required especially when participants are elderly and sometimes this is
not possible.

However, the presence of the device alone is not enough to encourage healthy behav-
iors. Therefore, it would be useful to create a coordinated intervention with a physiatrist
to implement a physical activity program tailored to the single patient. As also reported
in the literature, elderly people need more training session than young people, this is
particularly true in population such as ours, who are not used to any type of electronic
device. Considering that older people, especially frail ones, often rely on the help of a
caregiver, they also need to be trained in the potential of these tools. Another suggestion
could be the creation of custom reports to allow patients to view their progress in terms of
physical activity. In our experience it would be faster to download the app directly on the
smartphone of patients or assistants to avoid connectivity problems.

Even though commercial wearable devices were not tailored for clinical research,
they could produce useful information on the behavior of the patient. Furthermore, the
implementation of the use of these devices, especially in elderly, will minimize the need to
attend the clinical study center, with the potential of reducing the time and costs related to
person-by-person visits.
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Abstract: Effective patient–provider communication is a cornerstone of patient-centered care. Patient
portals provide an effective method for secure communication between patients or their proxies and
their health care providers. With greater acceptability of patient portals in private practices, patients
have a unique opportunity to manage their health care needs. However, studies have shown that less
than 50% of patients reported accessing the electronic health record (EHR) in a 12-month period. We
used HINTS 5 cycle 1 and cycle 2 to assess disparities among US residents 18 and older with any
chronic condition regarding the use of EHR for secure direct messaging with providers, to request
refills, to make clinical decisions, or to share medical records with another provider. The results
indicate that respondents with multimorbidity are more likely to share their medical records with
other providers. However, respondents who are 75 and older are less likely to share their medical
records with another provider. Additionally, respondents who are 65 and older are less likely to
use the EHR for secure direct messaging with their provider. Additional health care strategies and
provider communication should be developed to encourage older patients with chronic conditions to
leverage the use of patient portals for effective disease management.

Keywords: chronic conditions; patient portal; health communication

1. Introduction

Patient–physician communication, particularly patients’ satisfaction with physicians’
communication approaches, is important for better outcomes in patient-centered health care
organizations [1,2]. Finding effective ways of maintaining communication between health
care providers and patients outside of the health care organization is important for disease
management and care coordination [1,2]. With legislation mandating the meaningful
use of electronic health records (EHR), by 2015, 98% of hospitals and 78% of private
practices in the United States offered patient portals [3,4]. Patient portals also provide
effective communication tools with the potential to increase patient engagement in self-care
management. Patients can also use patient portals for prescription renewal, appointment
management, checking lab results, and messaging their providers [5]. Therefore, the use of
patient portals is an increasingly common approach in patient-centered care practices [1,2].

With the aging of the US population, certain diseases are becoming more prevalent [6].
Additionally, with people living longer, the prevalence of multimorbidity is also increas-
ing [7–12]. Patients with multiple chronic conditions usually require a team of specialists
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for managing their conditions [13,14]. Maintenance of their treatment plans requires effec-
tive communication with patients and coordination of care among their team of providers
to achieve better outcomes [15]. Prior research has shown that access to patient portals
resulted in improved diabetes-related outcomes and adherence to hypertensive medica-
tion [16,17]. Additionally, a recent study of patients with chronic kidney disease (CKD)
found that the use of EHR improves patient-centered outcomes such as CKD-specific
knowledge, while reducing CKD-related stress [5]. The ongoing COVID-19 pandemic has
accelerated the use of technologies such as patient portals for health care delivery [18,19].
Despite the increasing reliance on the use of technology for both preventive and follow-up
care, some patients lack resources to engage effectively in telehealth [18].

Despite the proliferation of health-related internet use (HRIU) and the widespread
use of the internet by the general population, disparities still exist in terms of access and
use of internet for disease management [20–25]. Recent studies suggest that despite the
increasing trend in the use of patient portals, the acceptability of patient portals in the
general population remains unusually low [18]. Additionally, sociodemographic disparities
exist in assessing patient portals as a tool for disease management and communication
with providers [26–28]. A recent study on disparities in health-related internet content
that focused on the noninstitutionalized population of the US assessed health information
seeking behavior in three domains relevant to health communication (health care, health
information-seeking, and user-generated content/sharing). The study indicated age, gen-
der, race/ethnicity, education, and income related disparities across multiple domains of
health communication [29].

Several studies have examined potential explanations for low EHR engagement,
and HRIU more broadly, within racial and ethnic minority populations. A recent study
which examined disparities in trust in sources of cancer-related health information among
Hispanics in the US observed that older Hispanics had higher odds of trusting cancer
information from a religious organization compared to younger Hispanics [30]. Another
study of men with chronic conditions developed an eHealth usage score using seven
domains of eHealth communication, which included EHR use [31]. The eHealth questions
used to create the score asked whether respondents had done the following: used a
computer, smartphone or other electronic means to (1) look for health information or
medical information for yourself, (2) look for health or medical information for someone
else, (3) buy medicine or vitamins online, (4) look for assistance for the care you provided
someone else, (5) use email or the internet to communicate with a doctor or doctor’s office,
(6) track health care costs/changes, or (7) look up medical tests. This study identified
disparities in eHealth usage across social and demographic characteristics. Particularly,
education and income were positively correlated with eHealth score, with participants
with higher levels of education and those with higher incomes having increased scores
for eHealth usage. However, the same study observed that age and Hispanic ethnicity
were negatively correlated with eHealth score, such that older patients had lower scores of
eHealth usage, and Hispanics also had lower scores of eHealth usage [31]. Low eHealth
usage among individuals of Hispanic ethnicity may be due to low English proficiency and
lower levels of health literacy [32,33]. Among older individuals, lower levels of health
literacy and technological skill have been found to be associated with lower eHealth
usage [34,35]. A previous study examining associations between health literacy and health
information seeking found that participants with chronic conditions were more likely to
be engaged in health information seeking and higher instances of seeking care based on
information found on the Web. Additionally, participants with chronic conditions had
higher eHealth literacy scores compared to participants without chronic conditions [36].
When compared to patients without chronic health conditions, patients with a history
of chronic conditions reported frequent use of patient portals for different aspects of
health care delivery such as checking lab reports, messaging their doctors, and setting
up appointments [36]. However, this study failed to adjust for social and demographic
factors that are associated with both chronic disease status and health information seeking
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behaviors. While many studies have looked at disparities in the usage of patient portals
in patients with specific chronic conditions, no studies thus far have looked at disparities
in the usage of patient portals in only people with chronic conditions in a nationally-
representative sample of the noninstitutionalized US population. As EHR usage has been
associated with significant improvements in patient self-management of chronic diseases,
as well as improved quality of care given by providers, understanding disparities in EHR
use may provide important insights into health care disparities among adults living with
chronic health conditions in the US [37].

2. Materials and Methods

The National Cancer Institute’s Health Information National Trends Survey (HINTS)
is a publicly available national representative survey of the noninstitutionalized adult
population that collects data about Americans’ use of cancer related information. Data
for this study came from the HINTS 5 cycle 1 (N = 3335), collected from January 2017
to May 2017, and HINTS 5 cycle 2 (N = 3504), collected from January 2018 to May 2018.
The sampling design for the HINTS survey has been described extensively [22,38]. The
response rate was 32.4% for HINTS 5 cycle 1 and 32.985% for HINTS 5 cycle 2.

The goal of this study was to assess differences in EHR usage among respondents
with chronic diseases conditions. Using self-reported data, the study was restricted to
respondents with any of the following conditions: diabetes, hypertension, lung disease,
heart conditions, depression, cancer, and arthritis. The final analytic sample was further
restricted to respondents who reported accessing their online medical record at least once
in the past 12 months for various reasons (N = 736 and 816 respectively) for a total sample
size of 1552. The outcomes of EHR usage were assessed using 4 HINTS questions relating
to the purposes of accessing the online medical record to (1) securely message their health
care provider, (2) request a refill of medications, (3) make a decision on how to treat illness
or condition, and (4) securely share it with another provider.

Primary predictors of interest were gender, race/ethnicity, age, education, income,
multimorbidity, and nativity status. The covariates of interest were smoking status, em-
ployment status, regular access to a health care provider, insurance status, general health
status, and family history of cancer. To measure the change in EHR use across the two
HINTS releases, we used a dummy-coded variable to represent the survey year.

We used multivariable regression models to find patterns of associations of sociode-
mographic characteristics with domains of eHealth usage in the population of US patients
with chronic conditions who have access to their online records. The use of online records
to securely message health care providers in the past 12 months and the use of online
records to request prescription refills in the past 12 months were analyzed using Poisson
regression with a log link and robust estimates of standard errors [39]. The use of online
records to make decisions on how to treat an illness or condition in the past 12 months
and the use of online records to securely share health records with another provider in the
past 12 months were analyzed using logistic regression. To account for the complex survey
design used to collect the data, we used jackknife replicate weights to compute accurate
standard errors, with all analyses weighted to provide nationally representative estimates.
We conducted all statistical analyses using SAS 9.4® and Stata 16®. The threshold for the
significance of the p-value was set to ≤0.05.

We summarized the data using appropriate descriptive statistics such as frequency
(percent) and weighted percent (standard error). We presented the multivariable regres-
sion models using incident rate ratios (IRR) and odds ratio (OR) with a 95% confidence
interval (CI).

3. Results

3.1. Descriptive Results

The final analytic sample comprising respondents with at least one chronic condition
that accessed their online medical record at least once in the past 12 months resulted in
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1552 participants from the two HINTS cycles. We have presented the summary of the
sociodemographic characteristics of the respondents in Table 1. The analytic sample was
56% female, 42% 18–49 years old, 70% non-Hispanic White, 78.2% with some college
education, 58% employed, and 47.2% with an income of $75,000 or more. We combined
Asian and other races for the purpose of the multivariable analysis. The sample analyzed
was 88.8% US born, and 93% reported speaking English very well. Additionally, 96.4% had
access to health insurance, 83% had a regular health care provider, and over 73% of the
participants reported having a family history of cancer.

Table 1. Sociodemographic characteristics of HINTS respondents with at least one chronic condition
who accessed their patient portal at least once in the past 12 months (N = 1552).

Sociodemographic
Characteristics

n Unweighted Percent
Weighted Percent

(SE)

Age
18–34 120 7.73 14.53 (1.88)
35–49 301 19.39 28.20 (2.01)
50–64 579 37.31 35.10 (1.78)
65–74 376 24.23 13.91 (0.84)
≥75 147 9.47 6.98 (0.72)
Missing 29 1.87 1.27 (0.29)

Gender
Male 554 35.70 40.46 (1.79)
Female 917 59.09 55.59 (1.80)
Missing 81 5.22 3.95 (0.71)

Race/Ethnicity
Non-Hispanic

White 1036 66.75 70.13 (1.59)

Non-Hispanic
Black 178 11.47 7.92 (0.77)

Hispanic 136 8.76 11.48 (1.24)
Asian 51 3.29 3.63 (0.77)
Other 60 3.87 2.95 (0.57)
Missing 91 5.86 3.88 (0.65)

Education
High school or

Less 226 14.56 20.64 (1.58)

Some College or
More 1307 84.21 78.24 (1.61)

Missing 19 1.22 1.12 (0.39)
Employment

Employed 811 52.26 58.18 (1.92)
Unemployed 722 46.52 41.12 (1.93)
Missing 19 1.22 0.71 (0.21)

Income
Less than $20,000 131 8.44 8.53 (1.11)
$20,000 to

<$35,000 144 9.28 8.05 (1.07)

$35,000 to
<$50,000 174 11.21 11.51 (1.28)

$50,000 to
<$75,000 296 19.07 18.23 (1.43)

$75,000 or More 682 43.94 47.19 (1.98)
Missing 125 8.05 6.49 (0.74)
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Table 1. Cont.

Sociodemographic
Characteristics

n Unweighted Percent
Weighted Percent

(SE)

Born in the United States
Yes 1373 88.47 88.81 (1.25)
No 158 10.18 10.41 (1.27)
Missing 21 1.35 0.78 (0.22)

Health Insurance
Yes 1512 97.42 96.35 (1.01)
No 30 1.93 3.34 (1.01)
Missing 10 0.64 0.31 (0.13)

Regular Provider
Yes 1325 85.37 82.89 (1.56)
No 212 13.66 15.81 (1.53)
Missing 15 0.97 1.30 (0.54)

Family History of Cancer
Yes 1174 75.64 73.89 (1.91)
No 348 22.42 24.76 (1.88)
Missing 30 1.93 1.35 (0.32)

HINTS 5 Survey
Cycle 1 736 47.42 47.95 (1.92)
Cycle 2 816 52.58 52.05 (1.92)

SE: Standard Error.

Table 2 presents the clinical characteristics of the respondents. About 59% of the
analytic sample were never smokers. Overall estimates suggest that about 56% of respon-
dents reported having more than one chronic condition. Within the analytic sample, the
most prevalent chronic condition was high blood pressure, with 55% of the respondents
reporting having high blood pressure. However, about 45% reported being in very good or
excellent health, and less than 20% reported being in fair or poor health.

Table 2. The Clinical characteristics of HINTS respondents with at least one chronic condition who
accessed their patient portal at least once in the past 12 months (N = 1552).

Clinical
Characteristics

n Unweighted Percent
Weighted Percent

(SE)

General Health
Excellent 132 8.51 8.12 (0.89)
Very Good 607 39.11 37.13 (1.97)
Good 557 35.89 39.09 (1.98)
Fair 207 13.34 13.46 (1.18)
Poor 40 2.58 2.62 (0.57)
Missing 9 0.58 0.57 (0.22)

Smoking Status
Current 152 9.79 11.67 (1.21)
Former 471 30.35 29.45 (1.52)
Never 912 58.76 57.90 (1.94)

Diabetes
Yes 423 27.26 24.70 (1.52)
No 1119 72.10 74.66 (1.53)
Missing 10 0.64 0.65 (0.29)

High Blood Pressure
Yes 884 56.96 54.87 (1.95)
No 654 42.14 44.45 (1.99)
Missing 14 0.90 0.68 (0.25)
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Table 2. Cont.

Clinical
Characteristics

n Unweighted Percent
Weighted Percent

(SE)

Lung Disease
Yes 272 17.53 15.95 (1.30)
No 1273 82.02 83.76 (1.29)
Missing 7 0.45 0.29 (0.13)

Heart Conditions
Yes 195 12.56 11.26 (1.37)
No 1349 86.92 88.43 (1.37)
Missing 8 0.52 0.31 (0.12)

Depression
Yes 547 35.24 39.88 (1.76)
No 997 64.24 59.87 (1.76)
Missing 8 0.52 0.25 (0.11)

Arthritis
Yes 621 40.01 33.84 (1.45)
No 925 59.60 65.83 (1.46)
Missing 6 0.39 0.33 (0.19)

Cancer
Yes 357 23.00 14.96 (1.08)
No 1192 76.80 84.98 (1.09)
Missing 3 0.19 0.05 (0.03)

Multimorbidity
Yes 958 61.73 56.03 (1.72)
No 594 38.27 43.97 (1.72)

SE: Standard Error.

We have presented the summary for the outcome variables in Table 3. Of all the
respondents who accessed their medical records in the past 12 months, 47.3% of the
participants used it 1–2 times, while less than 10% accessed their medical record 10 or more
times. In the EHR communication domains, 48% of the respondents used the online medical
record system to securely message their health care provider, 43.8% of the participants used
the online medical record system to request a refill of medications, 21.1% of the respondents
used their online medical record system to make a decision on how to treat an illness or
condition, and 12% securely shared their medical record with another provider.

Table 3. Summary statistics of patient portal-related communication (N = 1552).

Use of Online
Medical Record

n Unweighted
Percent

Weighted
Percent (SE)

Number of times you
accessed your record
online in the past 12
months?

1–2 times 695 44.78 47.27 (1.92)
3–5 times 523 33.70 32.94 (1.90)
6–9 times 172 11.08 10.09 (0.94)
10 times or more 162 10.44 9.70 (1.05)

Used online record to
securely message a
health care provider
in the past 12 months

Yes 750 48.32 50.05 (2.03)
No 742 47.81 46.47 (2.04)
Missing 60 3.87 3.48 (0.63)
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Table 3. Cont.

Use of Online
Medical Record

n Unweighted
Percent

Weighted
Percent (SE)

Used online record to
request a refill of
medications in the
past 12 months

Yes 680 43.81 42.07 (1.97)
No 820 52.84 54.75 (1.96)
Missing 52 3.35 3.17 (0.61)

Used online record to
make a decision on
how to treat illness or
condition in the past
12 months

Yes 327 21.07 20.81 (1.62)
No 1170 75.39 75.89 (1.70)
Missing 55 3.54 3.30 (0.61)

Used online record to
securely share it with
another provider in
the past 12 months

Yes 186 11.98 12.02 (1.15)
No 1314 84.66 84.79 (1.21)
Missing 52 3.35 3.19 (0.62)

SE: Standard Error.

3.2. Multivariable Model

We have presented the results of the multivariable model in Table 4. Among HINTS
respondents with chronic conditions who accessed their online medical record at least
once in the past 12 months, respondents 65 to 74 years and those 75 years or older were
significantly less likely to use the system to securely message their health care providers
compared to respondents 18 to 34 years (IRR = 0.73, 95% CI = 0.57, 0.94; and IRR = 0.54,
95% CI = 0.35, 0.83) respectively.

Table 4. Multivariable Model for Patient Portal-related Communication (N = 1552).

Sociodemographic
Characteristics

Securely Message
Provider in the
Past 12 Months

Request
PrescriptionRefills in the

Past 12 Months

Make a Decision on
How to Treat

Condition in the
Past 12 Months

Securely Share it with
Other Providers in the

Past 12 Months

IRR 95% CI IRR 95% CI OR 95% CI OR 95% CI

Race/Ethnicity

Non-Hispanic
White

1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

Non-Hispanic
Black

0.94 0.71, 1.25 1.11 0.84, 1.49 1.46 0.77, 2.79 1.85 0.84, 4.07

Hispanic 0.84 0.62, 1.13 0.99 0.71, 1.37 1.08 0.41, 2.88 0.79 0.25, 2.45
Other 1.09 0.79, 1.50 1.10 0.75, 1.60 2.64 1.12, 6.24 * 3.61 1.25, 10.42 *

Age
18–34 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
35–49 0.98 0.77, 1.26 1.08 0.68, 1.72 0.93 0.37, 2.35 0.80 0.30, 2.13
50–64 0.77 0.58, 1.01 1.08 0.70, 1.68 0.49 0.19, 1.25 0.48 0.18, 1.28
65–74 0.73 0.57, 0.94 * 1.06 0.64, 1.74 0.30 0.11, 0.84 * 0.34 0.09, 1.22
≥ 75 0.54 0.35, 0.83 ** 1.14 0.65, 2.01 0.70 0.22, 2.16 0.17 0.03, 0.99 *

Gender
Male 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Female 0.99 0.83, 1.18 0.83 0.68, 1.02 1.02 0.61, 1.71 0.99 0.55, 1.79
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Table 4. Cont.

Sociodemographic
Characteristics

Securely Message
Provider in the
Past 12 Months

Request
PrescriptionRefills in the

Past 12 Months

Make a Decision on
How to Treat

Condition in the
Past 12 Months

Securely Share it with
Other Providers in the

Past 12 Months

IRR 95% CI IRR 95% CI OR 95% CI OR 95% CI

Education
High

School or Less 0.87 0.67, 1.14 0.87 0.64, 1.19 1.03 0.47, 2.27 0.67 0.26, 1.73

Some
College 1.00 0.82, 1.21 0.95 0.75, 1.22 0.91 0.50, 1.65 1.02 0.50, 2.07

College
Graduate or
More

1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

Income
Less than

$20,000 0.87 0.59, 1.29 0.73 0.43, 1.25 1.14 0.39, 3.31 0.37 0.12, 1.18

$20,000 to
<$35,000 0.75 0.52, 1.10 1.14 0.76, 1.71 0.85 0.34, 2.12 0.72 0.27, 1.93

$35,000 to
<$50,000 0.62 0.44, 0.86 ** 1.00 0.73, 1.35 1.56 0.69, 3.53 1.39 0.45, 4.35

$50,000 to
<$75,000 0.99 0.78, 1.26 0.98 0.74, 1.31 1.03 0.51, 2.06 0.79 0.36, 1.73

$75,000 or
More 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

Born in the
United States

Yes 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
No 0.92 0.68, 1.23 0.74 0.50, 1.08 0.59 0.27, 1.28 0.81 0.30, 2.16

Multimorbidity
Yes 0.93 0.78, 1.11 1.20 0.97, 1.48 1.48 0.86, 2.57 2.04 1.16, 3.59 *
No 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

HINTS 5
Survey

Cycle 1 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Cycle 2 1.17 1.00, 1.36 * 1.07 0.88, 1.30 1.99 1.23, 3.20 ** 1.28 0.77, 2.11

The multivariable regression model (logistic and Poisson) was adjusted for insurance status, employment status, having a regular
provider, general health status, smoking status, and family history of cancer. We present the results of the Poisson regression models
as incident rate ratios (IRR) and the results of the logistic regression models as odds ratio (OR) with 95% confidence interval (CI).
* p-value ≤ 0.05, ** p-value ≤ 0.01.

The results of the multivariable model indicate that race, age, and survey years are
associated with respondents who reported the use of the online medical record to make
a decision about treating a condition or an illness. Respondents in the 65 to 74 age range
had reduced odds of using the medical record to make a decision regarding treating a
condition or illness (OR = 0.30, 95% CI = 0.11, 0.84). There was a significant increase in the
use of the online medical record to make a decision on how to treat a condition or illness
from HINTS 5 cycle 1 to HINTS 5 cycle 2 (OR = 1.99, 95% CI = 1.23, 3.20). Additionally,
respondents in the other racial category had increased odds of using the online medical
record to make decisions on how to treat a condition or illness in the past 12 months (OR =
2.64, 95% CI = 1.12, 6.24).

Those in the 75 years and older age range had reduced odds of securely sharing
their online record with another provider compared to respondents aged 18 to 34 years
(OR = 0.17, 95% CI = 0.03, 0.99). Respondents with multimorbidity (2 or more diagnoses)
had significantly increased odds of securely sharing their online record with another
provider in the past 12 months (OR = 2.04, 95% CI = 1.16, 3.59). Lastly, respondents in the
other racial category had increased odds of securely sharing their online medical record
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with another provider in the past 12 months compared to Non-Hispanic Whites (OR = 3.61,
95% CI = 1.25, 10.42).

The sociodemographic characteristics of the respondents were not associated with
their likelihood of requesting prescription refills using the online medical record. No
other predictors of interest were significantly associated with any of the outcomes after
adjustment for covariates.

4. Discussion

To our knowledge, this is the first study to examine disparities in accessing patient
portals for disease management among chronically ill noninstitutionalized adults using
nationally representative data. Our study examined a broad range of reasons for the
use patient portals for disease management, including secure messaging with providers,
requesting medications refills, and sharing medical records with other providers.

Our study is consistent with previous studies examining eHealth communication in
US adults, revealing that age disparities exist in the use of eHealth communication methods,
with older participants having a lower rate of eHealth communication across multiple
domains [26,27,29,40]. However, our study yielded specific insights into the use of the
patient portals, while the other studies were focused on the more general use of the eHealth
domain of communication, such as personal email, searching for health information, buying
medications online, and sharing health content though social networking sites [26,27,29,40].
Other studies of seniors 65–79 years old revealed that patients aged 70 years and older
were less likely to register to use web portals [24,25]. Some potential explanations as to
why older respondents were less likely to be engaged in use of the patient portals include
the accessibility of the patient portals, safety concerns, and the usefulness of the portal for
communication as opposed to face-to-face meetings with providers. This result, however,
is concerning, as the likelihood of using the patient portal may be reflective of the ability to
use telehealth services, and because the COVID-19 pandemic has accelerated the expansion
of telehealth services [41]. Since a recent study of older adults’ readiness to engage in
eHealth and mHealth indicated that over 80% of the respondents reported having access to
the internet at home, and 44% of those using the internet reported doing so on a mobile
device [42], further studies should be done to understand the digital divide for older
patients and how to engage them in eHealth.

In a prior HINTS study of HRIU use among cancer survivors, there has been an
increasing trend in the use of HRIU [21,43]. In our study, we similarly found an increase
in the use of EHR to make clinical decisions about how to treat an illness or condition.
However, no increasing trend was noted in any of the other domains analyzed. This
result underscores the importance of encouraging and promoting the use of the portal for
other aspects of chronic disease management, particularly communicating with providers
and sharing medical records with other providers. Despite the increasing trend in HRIU
among cancer survivors, in a prior HINTS study of cancer survivors, there were age, race,
education, and geographic disparities in the use of HRIU [27,44]. This study is in line
with our result of lower use of online medical records for secure communication, to treat
medical conditions, and to share with other providers among older participants. With the
recent COVID-19 pandemic, health care providers have shifted to the use of telehealth for
primary and specialty care for disease management [45]. The shift to telehealth during the
pandemic could further widen the gap of health outcomes for patients with low and limited
access to technology and those who are not ready to adopt new or emerging technologies.

Our study indicates that respondents with two or more chronic conditions were
2.04 times more likely to share the EHR with another provider. This result may be attributed
to the need for different specialists to be involved in the care of patients with multimorbidity.
This current finding is somewhat in line with other study that indicated that patients with
chronic conditions were more engaged in care-seeking behavior based on health-related
internet searches [36]. Patients with multimorbidity should be encouraged to participate in
other forms of eHealth communication through the patient portal for disease management.
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Prior studies have found sociodemographic disparities in the use of HRIU [23,28,29,46].
In our study, those identified as other race (Asian and others) were significantly more likely
than those identified as White to use the portal for clinical decision making and transferring
medical records to another provider. However, only 3.63% of the participants self-identified
as Asian, and only 2.95% identified as other, limiting any form of generalization of the
results. Although sociodemographic disparities exist in who is being offered access to
EHR [47], in our study, which focused on only respondents who reported accessing their
EHR at least once in the preceding 12 months, characteristics such as income and education
level were not associated with the different domain of using EHR. We suspect that the
result is due to our restriction of the analytic sample to respondents who reported having
accessed the web portal at least once in the past 12 months. This subset of respondents is
important because those respondents were not only offered access to their EHR, but have
indicated using it. This restriction on the inclusion criteria for the final analytic sample
could potentially control for some of the disparities that exist in accessing EHR, such as
access to and use of the internet [26], and being offered its use [47]. For that reason, we did
not adjust for the access/use of internet because using the web portal is an indication of
internet access/usage.

5. Study Strengths and Limitations

There are several strengths to this study. First, the HINTS survey is a national survey
of adults in the United States 18 and older. Thus, the subsample used in this study
represents adults in the United States living with chronic conditions who have accessed
their online health portal at least once in the past 12 months. We also used two HINTS
cycles, allowing us to see changes in the use of EHR over time. Additionally, the study
included an exploration of different reasons for using the EHR in disease management.

Despites the strengths, our study has some limitations. Given that HINTS is a cross-
sectional study, we cannot make conclusions about causality. Furthermore, the survey has
participants with a limited number of chronic conditions. Therefore, we can assess the
association of respondents’ characteristics with reasons for using EHR only in a subset of
patients with chronic conditions. Future iterations of the survey should ask participants
about other prevalent chronic conditions. In addition, future iterations of HINTS should
include questions that address barriers to using the online medical records.

6. Conclusions

A recent HINTS brief indicated that the proportion of US adults accessing their online
medical records increased from 27% in 2014 to 40% in 2018 [48]. Despite the increase in
the access and use of EHR, our study reveals age as a factor of disparity in assessing the
EHR for health care management. However, past studies have shown that over 80% of
older adults are already using the internet, and 44% have access to smartphones. Therefore,
health care providers should develop strategies to inform older patients and their proxies
about the accessibility of the EHR as a secure means of communication to providers.
Some strategies can include the development of user-friendly patient portals for multiple
platforms that encourage greater use. Other strategies should include eHealth literacy
programs that address patients’ concerns regarding safeguarding their protected health
information. Additional technological improvements may include the use of integrated
displays to decrease user cognitive load [49–51], integration of linked EHR records at
the household level to facilitate delivery of services, and embedding of health literacy
tools (e.g., embedded medical search engines, integrated AI voice chatbots for on-demand
self-care advice) to facilitate meaningful patient engagement.

The use of electronic patient portals raises challenges and ethical issues regarding
older adults. Notably, disparities in internet access, a key factor for the use of e-health,
persist among underserved populations such as older adults and individuals of lower
socioeconomic status [52,53]. Older adults may encounter more challenges in the use of
EHR and electronic patient portals because older generations must learn and acquire the
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necessary skills needed to navigate the internet and are less comfortable using technology
compared to their counterparts. Furthermore, some older adults with certain illnesses
may require support to navigate the complexities of eHealth portals [54]. Our findings are
consistent with prior work using HINTS data, which showed that older US adults were less
likely to engage in eHealth, and point to a need for additional support to ensure equitable
access to e-health for older adults [22]. Other ethical aspects that are of importance are
autonomy, privacy, confidentiality, consent, and beneficence [55]. Those ethical issues can
be extended to the adaptability and accessibility of patient portals for personal use by
patients. With older participants being less likely to engage in eHealth communication
through the patient portal, adopters of EHR should consider the issue of autonomy, privacy,
confidentiality, and equality of access as they encourage older patients and their proxies to
make full use of the system for disease management.
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Abstract: This study aimed to identify relevant topics for the development of an efficient eHealth
service for elderly people with balance disorders and risk of falling, based on input from physi-
cians providing healthcare to this patient group. In the quantitative part of the study, an open
multiple-choice questionnaire was made available on the website of the Portuguese General Medical
Council to assess the satisfaction with electronic medical records regarding clinical data available,
the time needed to retrieve data and the usefulness of the data. Of the 118 participants, 55% were
dissatisfied/very dissatisfied with data availability and 61% with the time spent to access and update
data related to the focused patient group. Despite this negative experience, 76% considered future
e-Health solutions as pertinent/very pertinent. Subsequently, these findings were further explored
with eight semi-structured interviews. The physicians confirmed the reported dissatisfactions and
pointed out the lack of comprehensive data and system interoperability as serious problems, causing
inefficient health services with an overlap of emergency visits and uncoordinated diagnostics and
treatment. In addition, they discussed the importance of camera and audio monitoring to add
significant value. Our results indicate considerable potential for e-Health solutions, but substantial
improvements are crucial to achieving such future solutions.
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1. Introduction

1.1. The Burden of an Ageing Population: Portugal and the World

As is observed in other health systems [1–7], Portugal’s increasing life expectancy
in recent decades has not been followed by an increase in healthy life years [4,6]. The
prevalence of chronic diseases, comorbidities, disabilities and falls have increased with
aging [1–7]. In fact, there are many causes for elderly people’s falls to happen, including
age, environmental factors, inappropriate clothing and shoes, risky behavior, medications,
and balance disorders [1,7–9].

Elderly falls represent an important public health problem, being the main cause of
accidental death in the population over 65 years of age [1,8–10]. Although Portugal has
one of the lowest rates of fall-related mortality in the elderly population of the Western
European region, this issue has received attention from the Portuguese government [11].

The burden of aging with balance disorders and falls, and the insufficient access to
healthcare data by health professionals, have led to additional medical visits, overdiagnosis,
repeated diagnostic tests and multiple prescriptions [12–15]. This misuse of healthcare
provision is costlier and unsustainable for the current healthcare provision model and
considered unsuitable for responding to elderly population demand [4,12–15]. In order to

Int. J. Environ. Res. Public Health 2021, 18, 7410. https://doi.org/10.3390/ijerph18147410 https://www.mdpi.com/journal/ijerph

49



Int. J. Environ. Res. Public Health 2021, 18, 7410

relieve this pressure, new strategies have been recommended, including person-centered
health systems and the utilization of devices and systems supported by Information
Systems and Technologies (IST) [2,5,16] (Figure 1).

Figure 1. eHealth Framework for the elderly with balance disorders care provision. (Authors own elaboration).

These healthcare solutions have revealed the potential to provide quality health ser-
vices with complete, interoperable data in near real-time [17–20], and eHealth services
with the engagement of patients and families for self and remote management of chronic
conditions and prevention of risky behaviors [2,20–22]. Indeed, many researchers have
studied the potential of digital sensors to identify early balance deficit and identify fallers
among elderly people, improving the data quality of clinical tests and functional scales as
the Timed Up and Go Test (TUGT) and the Berg Balance Scale [23–29]. Other researchers
have evaluated the benefits of eHealth devices in balance training, reducing the risk of
falling [29–31]. The eHealth services seem to have the potential to be a complementary
method for preventive monitoring of falls, telerehabilitation, and monitoring of effective
rehabilitation for elderly with balance disorder and risk of falling [23–31], aligned with the
eHealth definition: “an emerging field in the intersection of medical informatics, public health and
business, referring to health services and information delivered or enhanced through the Internet
and related technologies. In a broader sense, the term characterizes not only a technical develop-
ment, but also a state-of-mind, a way of thinking, an attitude, and a commitment for networked,
global thinking, to improve health care locally, regionally, and worldwide by using information
and communication technology” [32]. However, there are still constraints to be overcome:
technological obsolescence; unsuitable technological devices; regulation, standardization,
auditing, inspection and quality control; lack of interoperability; health professional resis-
tance; low organizational capability for new ways of working and organization; shortage of
digital training [33–38]. In Europe, both the skill development in old age and the aging of
younger generations of technology users have led to a growing number of elderly people
able to use health and care services online, although to a lesser extent in Portugal [39].

1.2. Portugal and the Strategies Supported by IST

To build up a shared ecosystem of health information, the Portuguese Ministry of
Health created an Electronic Health Record (EHR) called “Sclínico,” which is unfortunately
not yet available in all health units of the Portuguese National Health Service (NHS) [40].
More recently, another digital service was made available on the NHS’ digital platform to
allow the sharing of clinical information between all levels of health care and to promote
the interaction between the citizen and the family health unit [40]. In addition, the Por-
tuguese elderly people can use the current telephone and digital service of the NHS Call
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Center, known as “SNS 24,” which is responsible for the triage of first-level emergencies
and guiding the population about health problems [40]. Another NHS telephone service,
known as Senior Proximity Project, was implemented to identify the risks and needs of
elderly people to reduce morbidity and promote more autonomy and health literacy [41].
Several public health units have provided retinal examination by teleradiology, telecon-
sultation, telediagnostic-telepathology, telemonitoring of cardiac and pulmonary diseases
and telerehabilitation of osteoarticular disease of shoulder and knee [40]. Additionally, the
electronic prescription system and the treatment guide for the user have allowed patients,
including elderly people with chronic diseases, to obtain their medication without ever
going to a health care unit [40].

However, in recent reviews [23–31], it was pointed out that the clinical applicability
of eHealth devices and services in screening, assessing and treating elderly people with
balance disorders and the risk of falling in Portugal is still unknown. Therefore, we aim
at studying how to obtain an efficient eHealth service for the provision of care for elderly
people with balance disorders and the risk of falling.

The purposes of this explanatory sequential mixed methods approach [42] were: (a)
to identify and understand how to overcome the medical difficulties about availability of
clinical data in the electronic medical record (EMR) relatively to the context of healthcare
provision for elderly with balance disorders and risk of falling; (b) to know and understand
the medical relevance about eHealth services to support health care for elderly people with
balance disorders and risk of falls; (c) to understand how to develop an efficient eHealth
service to support health care for elderly people with balance disorders and risk of falls.

The increasing interest of elderly people in medical digital devices and the eHealth
potential to enhance health promotion and physician–patient interaction to mitigate care
access inequities and to allow remote management of balance disorders and risk of falling
are opportunities that should be further explored for active and healthy aging [29]. This
could be viewed as an opportunity to mitigate the aging pressure in the health systems.

2. Materials and Methods

2.1. Study Design

From June to August 2019, the authors performed a quantitative observational descrip-
tive study [42] to identify the difficulties about clinical data and the relevance of eHealth
(Figure 2).

Figure 2. Design of the mixed methods study performed.
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This first phase aimed at responding to the following specific research questions: “Do
physicians have difficulties accessing current clinical data in EMR relatively to the context
of healthcare provision for elderly with balance disorders and risk of falling?”; “In this
context, what is the medical satisfaction level with the use (e.g., time spent to access and fill
in clinical data) and quality (e.g., availability of sufficient and understandable clinical data)
of the current clinical data in the electronic medical record (EMR)?”, and “Could eHealth
services be relevant to improve healthcare?”.

From December 2019 to April 2020, a qualitative exploratory and descriptive phe-
nomenological study [42] was performed to understand the quantitative results and how
to obtain an efficient eHealth service to support health care for elderly people with balance
disorders and risk of falls. This second phase explored the following research questions:
“What are the medical difficulties related with current clinical data in the context of health
care provision for elderly with balance disorders and risk of falling?”; “What strategies can
be implemented to improve clinical data?”; “What do you think about the contribution of
eHealth?”; “How can an eHealth service be suitable? What are the necessary strategies?
What difficulties must be overcome?”.

2.2. Materials

The questionnaire, entitled “Health contribution to the provision of health care for
the elderly at risk of falling due to balance disorders” (in the original: “A contribuição do
eHealth na prestação de cuidados de saúde ao idoso com risco de queda por distúrbios
do equilíbrio”) was developed with 18 multiple choice questions [42]. It included socio-
demographic data of the participants, availability of data in the EMR and relevance of
eHealth in the context of health care for the elderly with balance disorder and risk of
falling. Except for the demographic questions, alternative responses on quantity, frequency
and evaluation were used, and a non-response (“Do not know/Do not answer”) was
provided [42] (see Table A1). The usability, technical functionality and time to complete
the questionnaire were tested. The access link was available through the website of
the Portuguese General Medical Council (Ordem dos Médicos de Portugal), the entity
that regulates medical practice in Portugal (https://ordemdosmedicos.pt/inquerito-a-
contribuicao-do-ehealth-na-prestacao-de-cuidados-de-saude-ao-idoso/ (accessed on 25
June 2019)). The information regarding this open survey was provided online. The
eligible participants were specialist physicians who provide healthcare in Portugal for the
elderly with balance disorders and risk of falling, including family physicians, internal
medicine physicians, physical medicine and rehabilitation (PMR) physicians, neurologists,
otolaryngologists and physicians with competence in Geriatrics. For the advertisement of
the study and disclosure of the access link of the questionnaire, the authors requested, via
email, the collaboration of the Portuguese Society of Physical Medicine and Rehabilitation,
Portuguese Association of General and Family Medicine, Portuguese Society of Internal
Medicine, Center for Geriatric Studies of the Portuguese Society of Internal Medicine,
Portuguese Society of Otorhinolaryngology and Portuguese Otoneurology Association.
The Portuguese Society of Neurology was also contacted through this institution’s website.
The questionnaire was distributed online using the survey software SurveyMonkey® [43].
Each question was made available in turn, with the possibility of returning to the previous
questions. All questions had one mandatory answer [44]. During the study time, the IP
address of the participants was used to eliminate potential duplicate responses from the
same user [44].

Regarding the qualitative study, the same interviewer (one of the authors) conducted
individual semi-structured interviews [42]. Four primary thematic categories were dis-
cussed: current clinical data in the context of health provision for elderly with balance
disorders and risk of falling (i.e., understanding of quantitative results), interventions to
improve the clinical data, understanding of eHealth relevance pointed out by physicians
in the quantitative research, and strategies to improve the use of eHealth services (see
Table A2). The sampling was intentional [42], with a purposeful search for physicians
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with: (a) healthcare provision for elderly with balance disorders and risk of falling; (b)
coordination function in health units and; (c) easy access by the interviewer. The potential
interviewees were invited by the interviewer, in person or via telephone, to participate in
the study. The participant number was defined after saturation or redundancy of responses;
that is, the sampling process was completed when no new information emerged from the
new interviews [42]. Respecting the anonymous participation of the quantitative study, the
interviewer did not ask if the interviewee had participated in the previous study.

2.3. Data Analysis

Firstly, to determine the quantitative frequency tables [42], a descriptive and ex-
ploratory statistics of the data from the questionnaires were performed. The software IBM
SPSS Statistics version 26 (IBM Corporation, Armonk, NY, USA) was used [45]. Secondly,
a descriptive analysis of demographic data [42] of interviewed was performed. All the
interviews were manually coded and transcribed by the interviewer, allowing content
analysis of interviews [42]. For a better comprehension of the quotes, the authors entered
words in round brackets.

2.4. Ethical Considerations

The survey’s aim was clearly identified in both the website of the Portuguese Gen-
eral Medical Council and on the SurveyMonkey® link [SURVEY PREVIEW MODE] A
contribuição do eHealth na prestação de cuidados de saúde ao idoso com risco de queda
por distúrbios do equilíbrio Survey (surveymonkey.com, accessed on 25 June 2019). The
physicians could voluntarily participate and leave the study until the submission of the
questionnaire. The information of the quantitative study was treated confidentially and
anonymously by using respondent e-mails confidentiality and anonymous responses fea-
tures of the software SurveyMonkey® [43].

Regarding the interviews, the participants signed a consent form and received a copy
of this and information about the study. They could leave the study until one month
after the interview’s date. The audio recording was authorized by the participants. To
guarantee confidentiality, all interviews were manually coded. The transcriptions omitted
information to avoid identifying respondents. All data were kept anonymous [42]. The
information from the questionnaires and interviews and the audio records were kept in a
safe place (external disk with access code) within the period provided by the Portuguese
law [46], always safeguarding the confidentiality of the information obtained.

3. Results

3.1. First Phase: Quantitative Research

The online questionnaire had a total of 118 responses. This represents 1% of the total
universe of 12,214 [47] family physicians, internal medicine physicians, PMR physicians,
neurologists and otolaryngologists registered in Portugal (Table 1).

Table 1. Study quantitative: Demographic data of the participants. PMR: physical medicine and rehabilitation.

Demographic
Data/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician

Neurologist Otolaryngologist Total

Physician number
according to Portuguese

General Medical
Council—year 2019 [47]

7451 2847 691 549 676 12,214

Number of participants of
the study according to

specialty (%)

18
(15.3%)

46
(39.0%)

5
(4.2%)

4
(3.4%)

45
(38.1%)

118
(100%)
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Table 1. Cont.

Demographic
Data/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician

Neurologist Otolaryngologist Total

Participation according to
specialty total number of

physicians (%)

18/7451
(0.2%)

46/2847
(1.6%)

5/691
(0.7%)

4/549
(0.7%)

45/676
(6.7%)

118/12 214
(1.0%)

Participant’s gender (M/F) 3/15 15/31 3/2 1/3 24/21 46/72

Participant age ≤ 50 years
old/Total physician

number age ≤ 50 years
old a

15/2390 34/1299 5/271 3/234 30/233 87/4427

Participant age >51 years
old/Total physician

number age > 51 years
old a

3/5061 12/1548 0/420 1/315 15/443 31/7787

Regional Health
Administration of Portugal

-North 2 13 1 0 8 24
-Center 0 7 1 0 12 20

-Lisbon and Tejo Valey 16 19 3 4 22 64
-Alentejo 0 3 0 0 1 4
-Algarve 0 4 0 0 2 6
-Madeira 0 0 0 0 0 0
-Azores 0 0 0 0 0 0

Main job—Public sector 17 43 4 4 29 97
Main job—Private sector 1 3 1 0 16 21

a According to Portuguese General Medical Council (“Ordem dos Médicos de Portugal”)—year 2019 [47].

There was no duplicate response found with the same IP address. A relevant propor-
tion of the respondent activity was directed to provide care to elderly people in the context
studied. About the elderly people observed by physicians, 19% of the participants said that
their monthly appointment time was more than 50% occupied with elderly patients with
balance disorders, while 9% of physicians had their monthly appointment time more than
50% occupied with elderly patients with complaints related to consequent falls. A total
of 86% of the physicians recognized the relevance of data about the previous provision of
health care to the elderly with balance disorders and risk of falling. However, A total of
43% of all physicians responded that they need to access data from previous care consul-
tations for elderly patients with balance disorder and risk of falling in more than half of
cases. The majority of the participants (84%) had access to this information through the
hospital or health center electronic medical record. Most respondents (60%) reported that
more than half of the medical consultation time had been spent on IST-related activities.
Moreover, 50% of participants were dissatisfied or very dissatisfied with the use of IST (e.g.,
usefulness, quality) in the context of balance disorders and the risk of falling in the elderly.

3.1.1. Socio-Demographic Participant Data

Most of the participants were female, accounting for 72 responses (61%). Younger
physicians adhered more to the study: most participants (74%) had 50 years old or less.
Although 64% of the eligible physicians were over 50 years old (7787 out of 12,214), the
participants over 50 years old represented only 26% (31 out of 118) of the responses.

About 39% of the participants were specialists in Internal Medicine, 38% in Otolaryn-
gology, 15% were family physicians, 4% PMR physicians, and 3% were neurologists. Only
4% were enrolled in the College of Competence in Geriatrics. Comparing the numbers,
the family physicians had weak participation (18 out of 7451 family physicians), although
being the specialty most represented among the eligible physicians.
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Most physicians (82%) had the main job in public healthcare units, and 54% were
from the larger Portuguese health region, the Lisbon and Tejo Valey (LTV) Regional Health
Administration. (Table 1)

3.1.2. Difficulties and Medical Satisfaction Level Related to Current Clinical Data in the
EMR (Electronic Medical Registration)

61% of all respondents were dissatisfied or very dissatisfied with the time spent
accessing clinical data in the EMR, rising to 65% when considering only professionals who
have the main job in a public healthcare institution. Regarding the availability of sufficient
and understandable clinical data in the EMR, 55% of the physicians revealed dissatisfaction
or a lot of dissatisfaction, with values of 59% for public health professionals as their main
job. Again, 61% of all participants also expressed dissatisfaction or great dissatisfaction
with time spent to fill in new data in the EMR, reaching 64% among professionals with the
main job in a public health institution (Table 2).

Table 2. Questionnaire: Satisfaction degree with clinical data in the EMR—Context of health care provision for elderly with
balance disorders and risk of falling.

Satisfaction
Degree/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician

Neurologist Otolaryngologist Total

Time to data access (public
and private main job)

-S 1 12 3 1 25 42 (36%)
-D 17 34 1 3 17 72 (61%)

-Others 0 0 1 0 3 4 (3%)
TOTAL 18 46 5 4 45 118 (100%)

Time to data access (public
main job)

-S 1 11 3 1 15 31 (32%)
-D 16 32 0 3 12 63 (65%)

-Others 0 0 1 0 2 3 (3%)
TOTAL 17 43 4 4 29 97 (100%)

Sufficient/understandable
data (public and private

main job)

-S 3 18 3 1 25 50 (42%)
-D 15 27 2 3 18 65 (55%)

-Others 0 1 0 0 2 3 (3%)
TOTAL 18 46 5 4 45 118 (100%)

Sufficient/understandable
data (public main job)

-S 3 16 3 1 15 38 (39%)
-D 14 26 1 3 13 57 (59%)

-Others 0 1 0 0 1 2 (2%)
TOTAL 17 43 4 4 29 97 (100%)

Time to fill data (public
and private main job)

-S 2 13 2 0 22 39 (33%)
-D 16 29 3 4 20 72 (61%)

-Others 0 4 0 0 3 7 (6%)
TOTAL 18 46 5 4 45 118 (100%)
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Table 2. Cont.

Satisfaction
Degree/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician

Neurologist Otolaryngologist Total

Time to fill data (public
main job)

-S 2 12 2 0 13 29 (30%)
-D 15 27 2 4 14 62 (64%)

-Others 0 4 0 0 2 6 (6%)
TOTAL 17 43 4 4 29 97 (100%)

S: Satisfied or very satisfied. D: Dissatisfied or very dissatisfied. Others: Did not use or Did not answer or Did not know.

3.1.3. Relevance of the Use of eHealth

The possibility of using eHealth for elderly patients with balance disorder and risk
of falling was considered pertinent or very pertinent by 76% of all physicians and also by
professionals with public healthcare as the main job. Regarding the medical specialties
with more than 30 responses, 72% (33 out of 46) and 82% (37 out of 45) of internal medicine
physicians and otolaryngologists, respectively, considered remote services as pertinent or
very pertinent. If we consider only the participants of Internal Medicine and Otolaryngol-
ogy working in the public sector as their main job, the percentages remain at 72% (31 out
of 43) and rise to 86% (25 out of 29), respectively (Table 3).

Table 3. Questionnaire: Relevance degree about the use of eHealth in the context of care provision for the elderly with
balance disorders and the risk of falling.

Relevance of
eHealth/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician

Neurologist Otolaryngologist Total

Public and private main
job

-Pertinent 13 33 5 2 37 90 (76%)
-No pertinent 2 3 0 1 3 9 (8%)
-Indifferent 2 5 0 0 3 10 (8%)

-Others 1 5 0 1 2 9 (8%)
TOTAL 18 46 5 4 45 118 (100%)

Public main job

-Pertinent 12 31 4 2 25 74 (77%)
-No pertinent 2 3 0 1 1 7 (7%)
-Indifferent 2 4 0 0 2 8 (8%)

-Others 1 5 0 1 1 8 (8%)
TOTAL 17 43 4 4 29 97 (100%)

Others: Did not answer or Did not know.

3.2. Second phase: Qualitative Research

The same interviewer conducted a total of seven face-to-face semi-structured inter-
views and one semi-structured interview by mobile phone due to coronavirus pandemic
limitations. This interview phase was limited to senior physicians who provided healthcare
to the elderly, with different training in technology and medical experience.

3.2.1. Socio-Demographic Participant Data

Five male and three female physicians, aged 47–66 years old, participated in the
study. Two were family physicians, two internal medicine physicians, one neurologist
and three otolaryngologists. All of them were either graduated or senior consultants. Six
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physicians were coordinators in their public health units, and two were coordinators of
private otoneurology units. One physician was from the Regional Health Administration
of the center (Center) of Portugal, and the others were from Lisbon and Tejo Valey (LTV)
(Table 4).

Table 4. Study qualitative: Socio-demographic data of the participants and interview features.

Participant Gender Age Specialty
Regional Health

Administration of
Portugal

Main Job Interview
Audio

Recording

1 M 59 Otolaryngology LTV Public sector Face-to-face Y

2 M 55 Neurology LTV Public sector Face-to-face Y

3 M 53 Internal
Medicine LTV Public sector Face-to-face Y

4 M 59 Internal
Medicine LTV Public sector Face-to-face Y

5 M 47 Family
Medicine LTV Public sector Face-to-face Y

6 F 66 Family
Medicine Center Public sector Face-to-face Y

7 F 49 Otolaryngology LTV Private sector Face-to-face Y

8 F 55 Otolaryngology LTV Private sector Mobile
phone Y

M: Male; F: Female; LTV: Lisbon and Tejo Valey.

3.2.2. Content Analysis

As mentioned previously, four primary thematic categories were discussed. Twelve
subthemes emerged from data analysis (Table 5).

Table 5. Thematic categories of the qualitative research.

Thematic Categories

1. Current clinical data in the context of health provision for elderly with balance disorders and risk of falling: understanding of the
medical dissatisfaction identified in the quantitative research

1.1. Availability
1.2. Barriers

2. Interventions to improve the clinical data

2.1. Interoperability of computer health systems
2.2. New work organization

3. eHealth contribution in this context: understanding of the relevance observed in the quantitative research

3.1. eHealth benefits

4. Strategies to improve eHealth services for a more effective healthcare provision

4.1. Clinical and interactive data
4.2. Audiovisual technology
4.3. eHealth management
4.4. Security of eHealth use
4.5. Motivation and training of patient
4.6. Caregiver involvement
4.7. Medical training
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The interviewees pointed out some misuse of healthcare provision by the elderly
people in Portugal, meaning using above what is necessary of emergency visits, drug
therapies and complementary diagnostic tests: The elderly Portuguese population has no
specific education on how to access healthcare services properly (Participant 5). They also agreed
on the need to access complete data: . . . the elderly people often represent complex patients . . .
the intervention . . . requires multiple specialties . . . (Participant 1).

Relative to the medical dissatisfaction with available clinical data identified in the
quantitative research, all interviewees highlighted the lack of a comprehensive data set
and the lack of interoperability of computer systems: We (Physicians) get to know more or
less the drugs that are prescribed . . . We don’t know more . . . (Participant 4); I have asked them
(family physicians) to send me information. So, I can get a sense of what is going on with the
patient. (Participant 8); ... the data records are, sometimes, incomplete, they are not very explicit
(Participant 1); The computer systems . . . have great incompatibilities with each other. . . . because
the operating systems are different, or because the internet browser is different. (Participant 5).

Some interventions to improve clinical data were pointed out: more investments in
the interoperability of health information systems and in the organization of work with
time for remote interaction and consultation: Medicine will have to be a Medicine of shared
information. (Participant 1); We should have some time allocated for this (remote consultations).
So that we can keep our head on it and we will be really effective. (Participant 4). Regarding the
use of eHealth services for elderly people with balance disorders and the risk of falling,
only Interviewee 2 questioned its proper applicability, justifying the doubts due to his lack
of experience: . . . I don’t know how this (remote health care provision) is done at a distance
. . . I don’t even see myself doing a thing like that . . . I think the physician-patient relationship is
something that is impossible to be computerized. (Participant 2). The other physicians, similar to
most of the participants of the quantitative research, considered the eHealth contribution to
be beneficial: . . . it (eHealth) could be a great help because vertigo has many decompensations . . .
(and) they (patients) are afraid of being . . . without connection to the physician. (Participant 7).

The interviewees pointed out the potential benefits of eHealth as a complementary
channel to healthcare: rational use of resources with lower pressure on hospital resources,
more healthcare access, better communication between medical specialties, closer physician–
patient relation and more participation of patient and caregiver at home. However, they
only agreed with the eHealth use for a follow-up consultation. The age was not considered
a limitation for eHealth use. About the improvement of the use of eHealth services, the in-
terviewees mentioned the need for more discussions to address the essential parameters for
remote interaction and the need for involving eHealth system managers and programmers:
. . . it is crucial the collaboration between the technology and those responsible for the technology
. . . (Participant 6). In addition, the need for availability of clinical and interactive data and
the motivation for human involvement were mentioned.

As essential strategies, the participants considered the inclusion of medications in
use, the analyzes and imaging tests, and the registration of activities of daily living [48].
The use of questionnaires, calendars and graphics of trends on the occurrence of balance
disorders and falls, supported by physician and patient’s records, was also considered
as a closer way of managing the disease: . . . simple questions like “Have you had a fall last
year?”, “Was there any injury? Yes, are you afraid of falling due to this injury? (Participant 5);
. . . interactive questionnaires . . . , for example, in the recurrent vertigo . . . to have documented
how many episodes . . . what kind of triggers . . . (Participant 7). Warning messages for adverse
effects of medications or falls were classified as beneficial. The availability of individual
balance exercises with a checklist and the possibility of uploading patient videos for clinical
follow-up were other issues discussed: . . . the patient could record what they are feeling, for
example, eye movements and then they uploaded the recording . . . We (physicians) could include
some exercises on the platform . . .
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The interviewees mentioned the relevance of camera and audio for monitoring of
balance rehabilitation and closer interaction, especially in cases of gait assessment and
depression: . . . a phone call is one thing. If there is a camera it may even allow you (physician)
to see, for example, the patient’s gait . . . (Participant 3); . . . to monitor through videos, through
cameras, as long as the patient gives his consent, of course . . . (Participant 7).

The eHealth service management by a physician was considered essential: When there
are changes (in the health), the physician can also be consulted. (Participant 3); . . . always a
physician. (Participant 7).

In addition, the security of using eHealth was discussed: . . . what type of password
one (physician) should use . . . encrypted . . . addressed to the clinical team with security
code (Participant 5).

The participants also referred to the relevance of active motivation and involvement of
patient and caregiver in disease prevention and control: . . . Patients cannot continue to think
that the responsibility of their health belongs to the physician . . . the patients have to be involved
and responsible for their health . . . (Participant 7); . . . we often think that our elderly people do
not have the ability to manage new technologies . . . but we can have a caregiver who can contact
us remotely . . . (Participant 5) Finally, the investment in medical awareness and eHealth
training was highlighted, allowing better physician involvement: . . . this is a work to be
done in medical education . . . after some time of implementation (of medical education), I am
convinced that it (eHealth) will be the future of medicine . . . (Participant 1).

4. Discussion

A mixed-methods study was performed to know how to develop an efficient eHealth
service for the provision of care for elderly people with balance disorders and the risk of
falling, i.e., the research problem. Our findings revealed negative experiences with EMR,
contributing to a misuse of the health care system. Despite this, the highlighted relevance
of eHealth in this matter is an incentive for the development of future solutions.

Unfortunately, we had a low response number in the quantitative research, as de-
scribed in other studies [49,50]. This limited the comparison between the specialties and
between public or private health provision groups. Despite this, we could confirm the
presence of constraints regarding the data availability in Portugal. We observed medical
dissatisfaction with the information systems in general. In total, 50% of the participants of
our study were dissatisfied or very dissatisfied with the current usefulness and quality of
IST in the context of balance disorders and the risk of falling in the elderly. The physicians
were dissatisfied or very dissatisfied with available data in EMR and time spent to access
and update clinical data. According to the interviews, the incomplete or not understand-
able information about medical consultations and the lack of integration of clinical data
between the health units have contributed to the misuse of healthcare provisions by elderly
people, with multiple consultations, repeated prescriptions, polypharmacy and increasing
costs that could be minimized with an appropriate digital service. These limitations and
consequent costs have been reported by other authors [4,12–15]. The participants pointed
out the need for investments in the interoperability of health information systems and
in the organization of work to overcome this situation, as previously proposed in other
studies [19–21]. In fact, data are essential for healthcare provision, monitoring of popula-
tion health status and decision making. To reach real-time universal data in healthcare,
interoperability issues should be addressed.

As in previous studies [2,5,16], our findings also confirmed the relevance of the use
of eHealth services. However, the current way of working and interacting with patients
should be restructured, including dedicated time to interact digitally with patients. eHealth
can be leveraged as a complementary method to provide healthcare services, including
preventive monitoring of falls and telerehabilitation with evaluation and monitoring of
balance diseases and falls. For the interviewed participants, the remote consultation or
management should be only for follow-up consultations, and it cannot fully replace the
face-to-face clinical evaluations. As mentioned by Catan et al. [34], face-to-face consulta-

59



Int. J. Environ. Res. Public Health 2021, 18, 7410

tions reduce anxiety whenever people need a physician. Only one interviewed revealed
skepticism about digital solutions due to the lack of eHealth clinical experience. Several
studies have already revealed the influence of limited knowledge about telemedicine on
the perception of the potential of eHealth [19,35].

Finally, we confirmed the need for improvement of eHealth services for a more
effective healthcare provision. The qualitative research allowed exploring interventions to
achieve an efficient eHealth service to support healthcare for elderly people with balance
disorders and risk of falling. Several suggestions were pointed out: the inclusion of
complete clinical data, the possibility for interactive communication, message alerts and
remote availability of balance exercises. Camera and audio were considered essential
elements for closer interaction, allowing remote viewing of the gait, as well as the balance
exercises performed. All the parameters should be aligned between technology experts and
physicians to design suitable technological services. eHealth services and devices should
be user-friendly and suitable for both the health professional and for the patient.

For the participants, the physician emerged as the main manager of eHealth service,
but not necessarily the only one [51]. As in other studies [35,37], physicians also highlighted
the need for investment for confidentiality and security of data. This should always be
ensured. Relatively to human resources, strategies to motivate, educate and train the
elderly patient and caregiver were also discussed. Self-care and self-management of
health and disease (e.g., promotion of health and prevention of disease) should be further
encouraged [2,5,16]. The need for health professional awareness and training to use all of
the potential of digital solutions were mentioned, including the investment in professional
health education. Thus, the potential of digital health could be widely used with motivated
and trained human resources [2,20]. The Portuguese health system should be adjusted to
tackle aging demand, overcoming the constraints of the EHR and the lack of interoperability
of the information systems. The implementation of a universal digital health coverage
system supported by comprehensive digital tools with camera and audio resources can
better contribute to active and healthy aging [52] with more efficient management of health
care for elderly with balance disorder and risk of falling. The design and the development
of a balance disorder-related remote service, with the recommended functionalities, is an
opportunity worth to be explored. The strategies identified and discussed in this study will
be fed into a Design Science [50] process to design and implement a future eHealth service
for a more effective provision of healthcare for elderly with balance disorders at a distance.

Limitations

Regarding the participants of the web-based questionnaire, we should acknowledge
possible selection biases [53] of the quantitative research. Despite the intention to recruit
physicians of different specialties, a small participant size was observed as in other online
studies. This made it difficult to compare the results between specialties and to know
if there is a difference between the public or private health provision groups. Another
consideration, already highlighted in other web-based surveys, is the age of the respon-
dents. Most participants of this research were younger physicians who seem to have
more technological resources and online interests and to be more receptive to web-based
questionnaires. In addition, the higher percentage of responses from otolaryngologists
can be explained by their focus of interest in inner ear diseases that can promote balance
disorders. The family physicians had weak participation (only 18 out of 7451), although
this specialty represented most of the eligible participants. Due to the reduced or null
number of responses from geographically more remote areas (e.g., Azores), we could not
analyze and, in the second phase of the mixed methods study, explore more deeply the
data of these participants that could most benefit from the potential of eHealth.
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Additionally, the multiple-choice questions of the questionnaire allowed an easier
analysis, but this approach did not allow the inclusion and discussion of supplementary
opinions of the respondents.

Relatively to the qualitative research, the sampling was intentional. The last interview
was conducted via mobile phone due to the limitation of the coronavirus pandemic.

The population targeted in both studies was limited to physicians with the provision
of outpatient health care to the elderly in Portugal.

All these facts limited the generalizability of the findings.

5. Conclusions

Despite significant obstacles in existing digital solutions, 76% of the Portuguese
physicians included in this study considered future e-Health services as highly relevant for
complementary healthcare for elderly people with balance disorders and the risk of falling.
The use of eHealth services comprised of digital technologies such as cameras, sensors and
audio monitoring may reinforce such solutions. Additionally, these services may represent
considerable potential for reducing the excess of emergency visits, and the overlap of drug
therapies and diagnostic procedures and improved treatment. This may increase both
health care efficiency and quality and contribute to relieving pressure in the escalating
health care costs. However, significant constraints regarding the current availability of
clinical data in EHR care systems were described. The insufficient quality of both available
data in EMR and in the time needed to access such data and to register new clinical data
was stated. We would like to highlight that our study group’s description of incomplete, or
not understandable, information about medical consultations and the lack of integration
of clinical data indicate serious challenges to overcome. More research about this topic is
also required to further enhance the knowledge about the use of digital tools in this field of
health care.
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Appendix A

Table A1. Quantitative study: answer choices of the questionnaire.

Number Question Subject Answer Choices

Q1 Sex Male
Female

Q2 Age

= or <30
31–40
41–50
51–60

= or >61

Q3 Specialty

Physical Medicine and Rehabilitation
General and Family Medicine

Internal Medicine
Otorhinolaryngology

Neurology

Q4 Competence in Geriatrics Yes
No

Q5 Main job

Personalized public health care unit
Family health unit

Public hospital
Hospital in public-private partnership

University hospital
Private health unit

Q6 Regional Health Administration

North
Center

Lisbon and Tejo Valey
Alentejo
Algarve
Madeira
Azores

Q7 Monthly frequency of health care provision for elderly
with balance disorders

= or <25%
26 a 50%
51 a 75%
=or >76%

Do not answer/Do not know

Q8 Monthly frequency of health care provision for elderly
with consequent falls

= or <25%
26 a 50%
51 a 75%

= or >76%
Do not answer/Do not know

Q9 Need to access data from previous care consultations of
elderly people with balance disorders and risk of falling

= or <25%
26 a 50%
51 a 75%

= or >76%
Do not answer/Do not know

Q10 Access to data from previous care consultations for elderly
people with balance disorders and risk of falling

Clinical paper process
Electronic medical record (EMR)

Paper information provided by the
patient

Do not answer/Do not know
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Table A1. Cont.

Number Question Subject Answer Choices

Q11
Relevance of data about previous health care to the elderly

with balance disorders and risk of falling for a new
provision of healthcare in this context

Never
Rarely

Sometimes
Often

Always
Do not answer/Do not know

Q12 Estimated time spent on Information Systems and
Technologies (IST)-related activities

= or >76%
51 a 75%
26 a 50%

= or <25%
Do not use

Do not answer/Do not know

Q13 General usefulness of clinical data in the EMR

Excellent
Very good

Good
Bad

Very bad
Do not use

Do not answer/Do not know

Q14
Satisfaction with time spent to access clinical data, in the
EMR, from previous care consultations for elderly people

with balance disorders and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q15

Satisfaction with availability of sufficient and
understandable clinical data, in the EMR, from previous

care consultations for elderly people with balance
disorders and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q16
Satisfaction with time spent to fill-in new data, in the

EMR, related to the provision of health care to the elderly
with balance disorders and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q17
General satisfaction with the use of IST (usefulness,

quality) in the context of elderly with balance disorders
and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q18 Relevance of eHealth in the context of elderly with
balance disorders and risk of falling

Very relevant
Relevant

No difference
Irrelevant

Very irrelevant
Do not answer/Do not know
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Appendix B

Table A2. Qualitative study: Interview guide.

Thematic Categories Questions

Current clinical data in Portugal
“What are the medical difficulties related with current clinical

data in the context of health care provision for elderly with
balance disorders and risk of falling?”

Interventions to improve the clinical data What strategies can be implemented to improve clinical data?

eHealth contribution “What do you think about the contribution of eHealth?”

Strategies to improve the use of eHealth services How can eHealth services be suitable? What are the necessary
strategies? What difficulties must be overcome?
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Abstract: Monitoring COVID-19 patients with COPD has become one of the major tasks in preventing
transmission and delivering emergency healthcare services after vaccination in case of any issues.
Most COVID-19-affected patients are suggested to self-quarantine at home or in institutionalized
quarantine centers. In such cases, it is essential to provide remote healthcare services. For remote
healthcare monitoring, two approaches are being considered in this study, which include mHealth
and Telehealth. A mixed-methods approach is adopted, where survey questionnaires are used
for collecting information from 108 patients and semi-structured interviews are used with seven
physicians regarding mHealth and Telehealth approaches. Survey results indicated that mHealth is
rated to be slightly more effective than Telehealth, and interview results indicated that Telehealth is
identified to be slightly more effective than mHealth in relation to parameters including usefulness,
ease of use and learnability, interface and interaction quality, reliability, and satisfaction. However,
both physicians and patients opined that both mHealth and Telehealth have a promising future with
increasing adoption. Based on the findings, it can be concluded that both mHealth and Telehealth are
considered to be effective in delivering remote care for COPD patients infected with COVID-19 at
home. Implications of the study findings are discussed.

Keywords: mHealth; Telehealth; COPD; usefulness; evaluation; satisfaction

1. Introduction

COVID-19, since its identification in December 2019, has been affecting many people
across the world, resulting in different waves of rising infections and deaths. As of
9 May 2021, there are 1.5 billion confirmed COVID-19 cases, including 3 million deaths
reported globally [1]. The vast majority COVID-19 cases are mainly found in the West,
including the Americas (63 million), followed by Europe (52 million). However, a steep rise
in the number of cases was identified in the past 2 months in Southeast Asia (25 million),
especially India (22 million) [1]. The number of deaths related to COVID-19 has been on the
surge, with more than 570,000 reported deaths in the USA [2], 419,114 deaths in Brazil [3],
and 242,362 deaths in India [4]. The rise in the number of COVID-19-related deaths were
attributed to older age of patients and previous health complications such as diabetes,
blood pressure, asthma and other critical health conditions which increase the risk of death
among patients [5–9]. One such health condition wherein COVID-19 can have a serious
impact on people is chronic obstructive pulmonary disease (COPD). It is identified that
COVID-19 patients with COPD have a high risk of admission to an intensive care unit,
mechanical ventilation, or death [10]. In addition, levels of angiotensin-converting enzyme
2 (ACE2), the reported host receptor of the virus responsible for COVID-19 (SARS-CoV-
2), have been observed to be increased in patients with COPD [11]. Given the severity
associated with COVID-19-infected COPD patients, there is increasing pressure on the
health system to provide additional care. There is a need to maintain and reinforce follow-
up and close management for these patients, with the aim of limiting collateral effects that
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could be induced by non-optimal management of COPD during and after the pandemic [12].
Strategies such as increased vaccination can help in preventing the mortality rate of COVID-
19 infected COPD patients. However, in spite of administering over 11 billion vaccine
doses globally [1], there is still a considerable global population that needs access to
vaccines, especially in low- and middle-income group countries [13,14]. However, despite
vaccination and other implementation of preventive and mitigation strategies such as
lockdowns, increasing vaccination, etc. the new cases continue to rise globally. The risk
of drug shortage due to COVID-19 restrictions is another major factor that can affect
the treatment of COVID-19-infected patients with COPD and other critical respiratory
conditions such as asthma, diabetes, etc. [15]. Moreover, the complications after vaccination
were identified to be mild to moderate, which include pain, fever, headache, diarrhea,
etc. [16,17]. Recently, black fungal infection (mucormycosis) is on the rise in Southeast
Asia, resulting in a rising number of deaths and blindness among the vaccinated [18,19].
Therefore, there is an increasing need to monitor COVID-19 patients after treatment and
vaccinated people, which can significantly increase the burden on healthcare systems.

Considering these factors, the best available options for managing the increased bur-
den of managing COVID-19 patients in home quarantine and vaccinated people with
additional health conditions such as COPD is to adopt effective remote monitoring of the
patients’ conditions and adopt effective health information management techniques [20].
Effective information management techniques including real-time monitoring, data storing,
transfer, retrieval, and update, are essential for improved clinical decision-making. Timely
response to chronic conditions can help in preventing mortalities and provide quality
care to the patients [21,22]. It has been identified that medically necessary, time-sensitive
procedures can efficiently manage resources and improve clinical decision-making for treat-
ing COVID-19 patients [23]. Advances in technology have helped in developing various
monitoring systems such as smart watches and diabetes monitors that can be integrated
with mobile applications and transfer real-time data to hospital servers, improving the
effectiveness of remote monitoring by efficiently managing the health information of the
patients. eHealth, for instance, is an emerging field at the intersection of medical informat-
ics, public health, and business, referring to the health services and information delivered
or enhanced through the internet and related technologies [24]. mHealth and Telehealth
are two major eHealth approaches that are being extensively used during the COVID-19
pandemic to deliver remote healthcare services. mHealth is a medical and public health
practice supported by mobile devices, such as mobile phones, patient monitoring devices,
personal digital assistants (PDAs), and other wireless devices [25], whereas telemedicine is
the use of medical information exchanged from one site to another via electronic communi-
cations to improve a patient’s clinical health status [26]. While Telehealth is mainly used
for information exchange, mHealth can be used for both information exchange and remote
monitoring and diagnosis. The difference between both approaches lies in the modes
of information transmission. In mHealth, the information is transferred through mobile
applications, while in Telehealth, information has to be communicated by the patients to
the medical representative.

In relation to chronic diseases, such as COPD, associated with COVID-19, parameters
such as oxygen levels, electrocardiograms (ECGs), carbon dioxide partial pressure (PaCO2),
etc. can be monitored remotely (mHealth) using sensors and devices linked to the patients
mobile, which transmits information to hospitals through the mobile applications [27]. The
cost of care assistance for chronic diseases such as COPD are dramatically increasing, as a
result of which remote healthcare management systems such as Telehealth can be used to
reduce costs and increase healthcare efficiency [28]. Therefore, remote monitoring solutions
such as mHealth and Telehealth can be considered as an alternative to traditional healthcare
operations, which not only decreases the burden on the already strained healthcare sector
due to COVID-19, but also improves healthcare information management and delivers
quality care for patients. In this context, it was observed that mHealth technologies could
help in mitigating the effects of the COVID-19 pandemic [29] by increasing the reach of
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local guidance for healthcare professionals in managing COVID-19 outbreak and treatment
procedures [30], and in coordinating mHealth infrastructure for managing the COVID-19
pandemic [31]. Studies [32–35] have evaluated mHealth applications in relation to various
parameters, including usefulness, ease of use, learnability, interface and interaction quality,
reliability, satisfaction, and future use, etc., which reflected positive outcomes. Similarly,
Telehealth approaches were also identified to be effective in relation to the above-mentioned
parameters [36].

Both mHealth and Telehealth approaches have some advantages and drawbacks. For
instance, patients at home may not regularly monitor their health condition and may not
enter the health data into the mobile applications, which may lead to ineffective remote
monitoring. However, the Telehealth approach may address this issue, as healthcare
practitioners may call the patients and regularly collect the data and provide instant
feedback. However, repeated calls from the healthcare professionals may create discomfort
for the patients. However, for effective healthcare management, the need for accurate and
daily health data is essential, and both mHealth and Telehealth can serve this purpose.
However, there is a lack of research on comparing both approaches in remote monitoring
of COPD patients infected with COVID-19 in home quarantine or vaccinated patients at
home. Therefore, the purpose of this study is aimed to evaluate Telehealth and mHealth
approaches in monitoring (remote monitoring of exercise tolerance, comorbidity, and
smoking habits, oxygen levels, blood pressure, sugar levels, and other factors, as prescribed
by the patients’ respective hospitals) COVID-19 patients with COPD after the treatment
and vaccination.

2. Materials and Methods

The purpose of this study is to compare and evaluate the mHealth and Telehealth
approaches in monitoring COVID-19 patients with COPD after treatment and vaccination
while at home. A mixed-methods approach employing both qualitative (semi-structured
interviews) and quantitative (questionnaire-based survey) were adopted for collecting
the data regarding mHealth and Telehealth approaches from physicians and patients,
respectively, in Saudi Arabia.

2.1. Questionnaire Design

As discussed in the introduction section, there are various parameters used for eval-
uating both mHealth and Telehealth applications [32–36]. To cover different contexts of
evaluation, Telehealth Usability Questionnaire (TUQ) is adopted in this study, including
items related to various parameters (usefulness, ease of use, interface quality, interac-
tion quality, reliability, satisfaction, and future use) from [36]. TUQ is preferred in this
study because it covers wide range of parameters that are used individually in various
studies [29–32], making a comprehensive list of items to be used in evaluating Telehealth
applications. Furthermore, items from (MAUQ) [37], including ease of use, satisfaction,
usefulness, are considered along with TUQ for developing questionnaires for mHealth and
Telehealth evaluation, respectively, as shown in Appendix A. Both questionnaires (mHealth
and Telehealth) have same set of questions with parameters including usefulness (three
items), ease of use and learnability (three items), interface quality (three items), interaction
quality (three items), reliability (three items), and satisfaction and future use (four items).
Multiple-choice answers and five-point Likert scale ratings [38] were used for answering
the questions by the participants. The questionnaire was initially designed in English (a
copy of survey questionnaire is presented in Appendix A), which was then translated to
Arabic using two professional Arabic translators. The Arabic version questionnaire was
designed using QuestionPro application, and a survey link was generated for accessing
the survey. A pilot study was conducted with 12 randomly selected patients from Saudi
Arabia for evaluating the questionnaire. Based on the feedback from pilot study partici-
pants, few changes were made in relation to the questions’ formulation and grammatical
errors in Arabic. In addition, Cronbach’s alpha for all items in in the questionnaire was
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identified to be greater than 0.81, revealing good consistency and reliability. In addition,
the interview questionnaire included eight questions reflecting the interviewees’ experi-
ences with Telehealth and mHealth, ease of use, satisfaction and future use, usefulness,
learnability, interface quality, interaction quality, and reliability (as shown in Appendix B).
Thus, semi-structured interviews were adopted in order to evaluate both mHealth and
Telehealth from the perspectives of healthcare practitioners, and a survey instrument was
adopted to evaluate both approaches from perspectives of patients, reflecting the two main
actors in remote monitoring in healthcare system.

2.2. Recruitment

COPD patients diagnosed with COVID-19 and vaccinated COPD patients were re-
cruited for the survey using the survey link generated using QuestionPro application. The
survey link was forwarded to the patients through emails and other social media platforms
such as Facebook and WhatsApp. The survey was conducted for a period of 5 weeks
from 15 April to 20 May 2021. Physicians were contacted through emails and over phone,
requesting them to participate in the interviews. Interviews were scheduled from 16 April
to 5 May 2021, and were conducted online. On average, each interview lasted for 35 min.

2.3. Sampling

Considering the purpose and objective of the study, which is to collect the data from a
specific group of population (COPD patients diagnosed with COVID-19 and vaccinated
COPD patients at home involved in remote monitoring), a purposive sampling approach
was adopted [39]. Accordingly, a nonprobability sample was obtained based on the
objective of the study, which mainly focused on analyzing the patients’ and physicians’
perceptions of mHealth and Telehealth. The survey link was initially forwarded 142 patients
using various online channels. A total of 108 students participated in the survey, reflecting a
response rate of 76.05%. While 19 physicians were contacted for semi-structured interviews,
7 accepted invitations and took part in the interviewees. Low response rate in interviews is
due to the busy schedules of the physicians owing to the COVID-19 outbreak.

2.4. Data Analysis

The survey was developed using Google forms and conducted for a period of 5 weeks.
Both survey and interview data are analyzed and discussed using nine themes, which
included experiences, usefulness, ease of use, learnability, interface quality, interaction
quality, reliability, satisfaction, and future use. In relation to survey data, relative frequen-
cies for each item under these themes and statistical tests (t-tests) are used for analyzing
the data, which are presented in the following section.

3. Results and Discussion

3.1. Survey Results

The final sample achieved for the study was 108. The demographic information of
the participants is presented in Table 1. Among the total participants, 58.3% were male
(63/108), and 41.7% were female (45/108). Considering the age groups, 43.5% were aged
between 35 and 44 years (47/108), followed by 30.6% between 25 and 34 years (114/479),
12% between 18 and 24 years (13/108), 12% between 45 and 54 years (13/108), and 1.9%
participants aged 55 or more than 55 years (2/108). Focusing on the education of the
participants, 38.9% were bachelor’s degree graduates (42/108), followed by 30.6% master’s
graduates (33/108), 15.7% high school graduates or diploma graduates (17/108), and 14.8%
doctorates (16/108). Demographics of the participants reflected good participation levels
by both genders. Moreover, the majority of the participants were aged between 25 and
44 years, reflecting the population who is better equipped with the skills of using health
information technologies [40–42], and has good education levels.
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Table 1. Frequency distribution of demographic variables.

Variables n (%)

Gender

Male 63 (58.3%)
Female 45 (41.7%)

Age

18–24 13 (12%)
25–34 33 (30.6%)
35–44 47 (43.5%)
45–54 13 (12%)

55 and above 2 (1.9%)

Education

High school graduate, diploma, or equivalent 17 (15.7%)
Bachelor’s degree 42 (38.9%)
Master’s degree 33 (30.6%)

Doctorate 16 (14.8%)

All the participants were having an experience of using both Telehealth and mHealth
approaches. In relation to the experience of using Telehealth (via telephone/mobile), 65.7%
of the participants had 2 or less than 2 years of experience (71/108), followed by 17.6%
having 2 to 5 years of experience (19/108), 9.3% having 10 or more years of experience
(10/108), and 7.4% having 5 to 10 years of experience (8/108). In relation to the experience
of using mHealth (via mobile application/smart sensors), 63.9% of the participants had
2 or less than 2 years of experience (69/108), followed by 25.9% having 2 to 5 years of
experience (28/108), 6.5% having 10 or more years of experience (7/108), and 3.7% having
5 to 10 years of experience (4/108). The experience levels of the participants in relation
to mHealth and Telehealth reflected almost similar statistics, with the majority of them
having 2 years or less and 2 to 5 years of experience.

Participants’ opinions on the usefulness of both mHealth and Telehealth are presented
in Table 2. Improved access to healthcare was identified to be a highly rated factor related
to usefulness, followed by the time-saving factor, and approaches meeting the healthcare
needs of the users. Both approaches were identified to be similarly rated by the participants
in relation to the usefulness parameter.

Table 2. Usefulness of mHealth and Telehealth.

Items
mHealth Telehealth

Mean Std.Dev Mean Std.Dev

Access to healthcare services 3.75 1.10 3.67 1.08

Saves time 3.68 1.17 3.65 1.13

Meets healthcare needs 3.49 1.09 3.53 1.03

Furthermore, to identify the differences of opinions in relation to mHealth and
Telehealth, a t-test was conducted, as shown in Table 3. The mean scores of mHealth
(Mean = 3.64, SD = 1.12) and Telehealth (Mean = 3.61, SD = 1.08), identified in the analy-
sis, reflected that participants found that both mHealth and Telehealth approaches to be
effective in terms of usefulness. t-value, as shown in Table 3, was found to be (t = 0.2004)
at 0.05 confidence interval, and was identified as not statistically significant (p > 0.05).
Therefore, no significant differences of opinions in relation to the usefulness of mHealth
and Telehealth can be observed. The findings are similar to [32], reflecting the usefulness
of both approaches. As both approaches are aimed at improving access to healthcare and
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save time in accessing healthcare needs, it is possible that both approaches are identified to
be useful by the participants.

Table 3. Difference in usefulness of mHealth and Telehealth.

Variable Approach n Mean Std.Dev df t-Value p-Value

Usefulness
mHealth 108 3.64 1.12

214 0.2004 0.8414
Telehealth 108 3.61 1.08

Participants’ opinions on the ease of use and learnability parameters are presented
in Table 4. It can be observed that simple to use and easy to learn factors of mHealth are
slightly greater than that of Telehealth; no major differences were identified in relation to
the ability of the approach for enhancing productivity. While the mHealth application is
mobile-based, and easy to use, Telehealth completely relies on calls in providing care and
monitoring health information. Therefore, slight differences in terms of ease of use and
learnability factors can be expected.

Table 4. Ease of use and learnability of mHealth and Telehealth.

Items
mHealth Telehealth

Mean Std.Dev Mean Std.Dev

Simple to use 3.70 1.09 3.62 1.15
Easy to learn 3.75 1.04 3.73 1.11
Productivity 3.72 1.13 3.73 1.04

Furthermore, to identify the differences of opinions in relation to mHealth and
Telehealth, a t-test was conducted, as shown in Table 5. The mean scores of mHealth
(Mean = 3.72, SD = 1.12) and Telehealth (Mean = 3.69, SD = 1.1), identified in the analysis,
reflected that participants found that both mHealth and Telehealth approaches to be ef-
fective in terms of ease of use and learnability. t-value, as shown in Table 5, was found to
be (t = 0.1986) at 0.05 confidence interval, and was identified as not statistically significant
(p > 0.05). Therefore, no significant differences of opinions in relation to ease of use and
learnability parameters of mHealth and Telehealth can be observed. These findings can
be related to [33], in which ease of use and learnability were rated to be effective by the
majority of the participants.

Table 5. Difference in ease of use and learnability of mHealth and Telehealth.

Variable Approach n Mean Std.Dev df t-Value p-Value

Ease of use and
Learnability

mHealth 108 3.72 1.12
214 0.1986 0.8428

Telehealth 108 3.69 1.1

While mHealth applications have a mobile interface, Telehealth does not have any
physical interface, but the quality of the interface can be identified from the communication
between patients and healthcare practitioners over telephone or mobiles. In relation to
the interface quality, both mHealth and Telehealth approaches were rated slightly above
average (Mean = 2.5), as shown in Table 6. It is interesting to note that only 50.9% of
the participants either strongly agreed or agreed that the Telehealth approach meets their
healthcare needs, and only 52.7% of the participants either strongly agreed or agreed that
the mHealth approach meets their healthcare needs, reflecting that there is a considerable
number of participants who are not happy with interface quality in both approaches.
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Table 6. Interface quality of mHealth and Telehealth.

Items
mHealth Telehealth

Mean Std.Dev Mean Std.Dev

Pleasant 3.5 1.04 3.48 1.07

Simple and easy to understand 3.55 1.03 3.61 1.06

Ability to do according to users’ needs 3.22 1.10 3.20 1.05

Furthermore, to identify the differences of opinions in relation to mHealth and Tele-
health, a t-test was conducted, as shown in Table 7. The mean scores of mHealth (Mean =
3.42, SD = 1.05) and Telehealth (Mean = 3.43, SD = 1.06), identified in the analysis, reflected
that participants found that both mHealth and Telehealth approaches to be effective in
terms of interface quality. t-value, as shown in Table 7, was found to be (t = 0.0697) at 0.05
confidence interval, and was identified as not statistically significant (p > 0.05). Therefore,
no significant differences of opinions in relation to interface quality parameters of mHealth
and Telehealth can be observed. These findings related to mHealth are similar to [34],
indicating good interface quality of mHealth applications.

Table 7. Difference in interface quality of mHealth and Telehealth.

Variable Approach n Mean Std.Dev df t-Value p-Value

Usefulness
mHealth 108 3.42 1.05

214 0.0697 0.9445
Telehealth 108 3.43 1.06

In relation to interaction quality, no significant differences were identified between
mHealth and Telehealth, as identified from Table 8. In relation to the ability of the ap-
proaches reflecting in similar to personal interactions, less than 50% of the participants
reflected the opinion that these approaches are similar to personal interactions. Moreover,
more than 50% of the participants stated that they are not able to express their opinions
effectively on mHealth and Telehealth applications.

Table 8. Interaction quality of mHealth and Telehealth.

Items
mHealth Telehealth

Mean Std.Dev Mean Std.Dev

Easy to talk to clinician 3.46 1.01 3.48 0.98
Able to express effectively 3.5 1.02 3.50 1.07

Similar to personal interaction 3.28 1.13 3.23 1.01

Furthermore, to identify the differences of opinions in relation to mHealth and
Telehealth, a t-test was conducted, as shown in Table 9. The mean scores of mHealth
(Mean = 3.41, SD = 1.05) and Telehealth (Mean = 3.40, SD = 0.99), identified in the analysis,
reflected that participants found that both mHealth and Telehealth approaches to be effec-
tive in terms of interaction quality. t-value, as shown in Table 9, was found to be (t = 0.0720)
at 0.05 confidence interval, and was identified as not statistically significant (p > 0.05).
Therefore, no significant differences of opinions in relation to interface quality parameters
of mHealth and Telehealth can be observed. These findings related to mHealth are similar
to [33,34], indicating average interaction quality of mHealth and Telehealth approaches.
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Table 9. Difference in interaction quality of mHealth and Telehealth.

Variable Approach n Mean Std.Dev df t-Value p-Value

Usefulness
mHealth 108 3.41 1.05

214 0.0720 0.9427
Telehealth 108 3.40 0.99

In relation to reliability (Table 10), the mHealth approach was rated as slightly better
than the Telehealth approach, stating that the approach was similar to hospital visits in
delivering the care, and also in the ability to fix issues by receiving messages through
the application (in comparison to messages received through calls). The majority of the
participants (>50%) were identified to be neutral (neither agree nor disagree) in relation to
all the factors listed in the reliability parameter.

Table 10. Reliability of mHealth and Telehealth.

Items
mHealth Telehealth

Mean Std.Dev Mean Std.Dev

Approach was similar to in-person visits 3.16 1.03 2.96 1.09
Ability to recover from the mistakes in the system 3.37 1.03 3.28 1.03

Ability of the system in sending messages to fix issues 3.28 1.04 3 1.02

Furthermore, to identify the differences of opinions in relation to mHealth and Tele-
health, a t-test was conducted, as shown in Table 11. The mean scores of mHealth
(Mean = 3.27, SD = 1.03) and Telehealth (Mean = 3.08, SD = 1.05), identified in the analysis,
reflected that participants found that both mHealth and Telehealth approaches to be effec-
tive in terms of reliability. t-value, as shown in Table 11, was found to be (t = 1.3424) at 0.05
confidence interval, and was identified as not statistically significant (p > 0.05). Therefore,
no significant differences of opinions in relation to the reliability parameter of mHealth and
Telehealth can be observed. Considering the less acceptance of eHealth in Saudi Arabia,
due to various factors of influence, it may be possible that low responses were identified in
relation to reliability factor, which can be compared to the findings in [43].

Table 11. Difference in Reliability of mHealth and Telehealth.

Variable Approach n Mean Std.Dev df t-Value p-Value

Usefulness
mHealth 108 3.27 1.03

214 1.3424 0.1809
Telehealth 108 3.08 1.05

In relation to satisfaction (Table 12), it can be identified that participants were slightly
more satisfied with mHealth compared to Telehealth across all the factors related to sat-
isfaction and future use. Considering the overall satisfaction, there is no difference of
opinions expressed in relation to both approaches. However, while 60% of the participants
agreed that they would use mHealth in the future, 64% of the participants stated they
would use Telehealth in the future, indicating a slightly more preference towards Telehealth
over mHealth.

Table 12. Satisfaction and future use of mHealth and Telehealth.

Items
mHealth Telehealth

Mean Std.Dev Mean Std.Dev

Comfortability 3.50 1.08 3.46 1.04
Acceptable way to receive healthcare services 3.60 1.06 3.55 1.03

I would use in future 3.71 1.06 3.57 1.05
Overall satisfaction 3.71 1.05 3.57 1.05
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Furthermore, to identify the differences of opinions in relation to mHealth and Tele-
health, a t-test was conducted, as shown in Table 11. The mean scores of mHealth
(Mean = 3.63, SD = 1.06) and Telehealth (Mean = 3.53, SD = 1.04), identified in the anal-
ysis, reflected that participants found that both mHealth and Telehealth approaches to
be effective in terms of satisfaction and future use. t-value, as shown in Table 13, was
found to be (t = 0.6998) at 0.05 confidence interval, and was identified as not statistically
significant (p > 0.05). Therefore, no significant differences of opinions in relation to the
reliability parameter of mHealth and Telehealth can be observed.

Table 13. Difference in satisfaction and future use of mHealth and Telehealth.

Variable Approach n Mean Std.Dev df t-Value p-Value

Usefulness
mHealth 108 3.63 1.06

214 0.6998 0.4848
Telehealth 108 3.53 1.04

These findings may be compared to [31,32,40] in relation to satisfaction levels. More-
over, preference over these approaches may be influenced by the recent COVID-19 outbreak,
which has led to increased adoption of eHealth approaches due to the surge in COVID-19
cases and preventive measures such as lockdowns and curfews. However, lack of reliability
as identified in [43] can be one of the reasons for leaning more towards Telehealth rather
than mHealth.

3.2. Interview Results

A total of seven healthcare practitioners were interviewed, and all of them were males.
Among them, three participants belonged to the age group of 35–44 years; another three in
45–54 years; and one participant in 25–34 years. Four participants were general physicians,
one participant was a dentist, one was a surgery specialist, and another was a medical
specialist. Three participants had experience of 2 or less years in using mHealth and
Telehealth approaches, two had an experience of 2 to 5 years, and another two had an
experience of 5 to 10 years. The participants’ experience levels and roles reflect a good
sample for collecting the information about mHealth and Telehealth.

Focusing on the opinions expressed in relation to Telehealth, all the participants
identified good usefulness levels for Telehealth. One of the interviewees identified it to be
an easier approach to reach patients without any difficulty or requirement to learn new
technologies, reflecting the edge over mHealth. Another interviewee identified Telehealth
to be an effective approach in providing distant care. In relation to mHealth, only one
participant identified its usefulness to be poor, while the rest of them indicated good levels
of usefulness. One of the interviewees identified it to be very useful, providing real-time
information at any time. The findings in relation to usefulness indicated that the majority of
the participants identified both approaches to be of good usefulness. However, Telehealth
was identified to be slightly more useful compared to mHealth.

In relation to ease of use, all the interviewees mentioned Telehealth to be very easy to
use and learn. However, one of the interviewees mentioned that additional training relating
to compliances and standards is required in using Telehealth. One of the interviewees
mentioned that Telehealth may not be easy to learn in the beginning, but as handling of
it improves, one can learn effectively. Similarly, all the interviewees identified mHealth
to be easy to use, with little knowledge of computers and technology. However, one of
the interviewees mentioned that experience is required in using mHealth, and another
interviewee mentioned that mHealth is hard to use. Another interviewee mentioned that
mHealth may be effective for learning for only those who use mobiles more frequently,
and have experience of using applications. The overall analysis of responses indicated that
Telehealth was rated slightly more than mHealth in terms of ease of use and learnability.

In relation to interface and interaction quality, all the interviewees reflected Telehealth
to be good. Similarly, in relation to mHealth, only one interviewee identified it with poor
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interface and interaction quality. Using Telehealth was identified to be effective because
interaction using Telehealth takes comparatively less time than visits, which can save time;
while using mHealth, it was indicated that a lot of time could be saved as it is one-way
messaging. Both approaches indicated time-saving as an outcome of effective interface and
interaction quality. However, Telehealth was slightly rated more than mHealth.

Focusing on the reliability parameter, all the interviewees indicated Telehealth to
be reliable but extended their statement that reliability may depend on many factors,
including the physician and patient and the technology used to connect them. While
Telehealth mainly relies on calls, it is sometimes possible that internet technologies such as
voice over internet protocol or applications such as skype or zoom may be used, which may
raise concerns over security and privacy. However, in relation to mHealth, five interviewees
stated it to be reliable. One of the interviewees stated that more research is needed to assess
its reliability, while others raised privacy and security concerns over mHealth.

Findings relating to usefulness, ease of use, learnability, interface and interaction
quality, and reliability from interviewees’ perspectives reflected a slightly greater prefer-
ence towards Telehealth compared to mHealth in contrast to patients’ perspectives. The
differences of opinions among the participants may be related to their experience and
understanding of these approaches, and also the features and design of the applications
they have been using, which can influence their perspectives [44–46].

In relation to the satisfaction parameter, all the interviewees reflected good satisfaction
levels about the Telehealth approach. However, focusing on the mHealth approach, one
interviewee stated moderate satisfaction and another interviewee stated poor satisfaction.
Findings reflected that the interviewees are slightly more satisfied with Telehealth com-
pared to mHealth. These results regarding satisfaction contrasted with survey results,
where participants identified with being slightly more satisfied with mHealth compared
to Telehealth, supporting findings from [47–50]. Furthermore, in relation to future use
prospects, Telehealth was identified to be a promising approach in reducing clinical visits,
improving quality healthcare. Similarly, mHealth was also identified to be having a promis-
ing future where electronic health records can be integrated with daily monitoring systems,
providing 24 × 7 remote healthcare services which can significantly improve effectiveness
and efficiency of care. The results have indicated that both mHealth and Telehealth would
be increasingly adopted in the future, similar to survey results.

4. Conclusions

This study has compared and evaluated mHealth approaches in remote monitoring of
COPD patients diagnosed with COVID-19. The importance of this study arises from the
rising complications and effects of COVID-19 after the recovery and during the home quar-
antine, associated with the additional complications of COPD condition. To evaluate the
approaches, both patients’ and physicians’ perspectives are considered. The findings have
indicated that patients’ views were in contrast to physicians’ views. While patients leaned
towards mHealth, physicians leaned towards Telehealth. However, both approaches were
identified to be effective in terms of their usefulness, ease of use and learnability, interface
and interaction quality, reliability, satisfaction, and future use, with minor differences.
This study has few limitations. As different patients use different mHealth applications
and adopt different practices in Telehealth, there could be a certain bias in the results.
In addition, the number of participants in both survey and interviews was lower due to
the impact of the COVID-19 outbreak. Therefore, generalizations should be made with
care. This study has both theoretical and practical implications. First, this study addresses
the gaps in the literature in evaluating the remote monitoring approaches in the context
of COVID-19 pandemic. Second, the findings can be used to improve the mHealth and
Telehealth approaches in relation to the needs of the patients and physicians. Moreover,
as the study has been conducted in Saudi Arabia, the findings can only be compared
to the population with similar demographics. Therefore, future research may focus on
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the evaluation of different remote monitoring approaches in different regions reflecting
varying demographics.
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Appendix A

Evaluating Telehealth and mHealth approaches in monitoring the COVID-19 patients

with chronic obstructive pulmonary disease (COPD): Survey Questionnaire (Telehealth)

1. Name.
2. Gender: Male/Female.
3. Education: Associate’s degree, Bachelor’s degree, Completed some postgraduate,

Master’s degree, Ph. D.
4. Experience with Telehealth: None, Less than 3 months, 3–6 months, 6 months–1 year,

more than 1 year.
5. Please rate the following aspects of the health system on a scale of one to five

(1: Strongly Disagree; 2: Disagree; 3: Neutral; 4: Agree; 5: Strongly Agree).
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Appendix B

Evaluating Telehealth and mHealth approaches in monitoring COVID-19 patients

with chronic obstructive pulmonary disease (COPD): Survey Questionnaire (mHealth)

1. Name.
2. Gender: Male/Female.
3. Education: Associate’s degree, Bachelor’s degree, Completed some postgraduate,

Master’s degree, Ph. D.
4. Experience with Telehealth: None, Less than 3 months, 3–6 months, 6 months–1 year,

more than 1 year.
5. Please rate the following aspects of the health system on a scale of one to five

(1: Strongly Disagree; 2: Disagree; 3: Neutral; 4: Agree; 5: Strongly Agree).
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Appendix C

Interview Questionnaire

Telehealth

1. Please reflect your opinions on the usefulness of Telehealth.
2. Please reflect your opinions on the ease of use of Telehealth.
3. Please reflect your opinions on the learnability of Telehealth.
4. Please reflect your opinions on the interface quality of Telehealth.
5. Please reflect your opinions on the interaction quality of Telehealth.
6. Please reflect your opinions on the reliability of Telehealth.
7. Please reflect your opinions on the overall satisfaction of Telehealth.
8. Please reflect your opinions on the future use of Telehealth.

mHealth

1. Please reflect your opinions on the usefulness of mHealth.
2. Please reflect your opinions on the ease of use of mHealth.
3. Please reflect your opinions on the learnability of mHealth.
4. Please reflect your opinions on the interface quality of mHealth.
5. Please reflect your opinions on the interaction quality of mHealth.
6. Please reflect your opinions on the reliability of mHealth.
7. Please reflect your opinions on the overall satisfaction of mHealth.
8. Please reflect your opinions on the future use of mHealth.
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Abstract: Chronic non-communicable diseases (NCD) account for 72% of the causes of death in
Brazil. In 2013, 54 million Brazilians reported having at least one NCD. The implementation of
e-Health in the Unified Health System (SUS) could fill gaps in access to health in primary health care
(PHC). Objective: to demonstrate telehealth strategies carried out within the scope of the Institutional
Development Support Program of the Unified Health System (PROADI-SUS) and developed by
Hospital Alemão Oswaldo Cruz, between 2018 and 2021, on evaluation, supply, and problem-
solving capacity for patients with NCDs. Methodology: a prospective and descriptive study of three
projects in the telehealth areas, using document analysis. The Brasil Redes project used availability,
implementation, and cost-effectiveness analysis, TELEconsulta Diabetes is a randomized clinical trial,
and Regula Mais Brasil is focused on the waiting list for regulation of specialties. All those strategies
were developed within the scope of the SUS. Results: 161 patients were attended by endocrinology
teleconsultation in one project and another two research projects, one evaluating Brazil’s Telehealth
Network Program, and another evaluating effectiveness and safety of teleconsultation in patients
with diabetes mellitus referred from primary care to specialized care in SUS. Despite the discrepancy
in the provision of telehealth services in the country, there was an increase in access to specialized
care on the three projects and especially on the Regula Mais Brasil Collaborative project; we observed
a reduction on waiting time and favored distance education processes. Conclusion: the three projects
offered subsidies for decision-making by the Ministry of Health in e-Health and two developed
technologies that could be incorporated into SUS.

Keywords: chronic non-communicable diseases; unified health system; primary health care; Brazil

1. Introduction

With the change in the epidemiological and demographic profile of the population, in
addition to the growing increase in chronic pathologies and people in vulnerable situations,
the need for an integrated approach to the individual concerning health care emerges [1–3].
Chronic non-communicable diseases (CNCD) are described as diseases that involve the
circulatory system, diabetes, cancer, and chronic respiratory diseases. This group of
diseases usually occurs more commonly in developing countries, accounting for 63% of
the causes of death in the world [4,5] and corresponding to one-third of deaths in people
under 60 years of age [6]. The last national health survey conducted by the Brazilian
government in 2013 [7] showed that 72% of the causes of death were related to CNCD, that
is, by diseases that could have their impact reduced if health strategies focused mainly on
primary care were implemented.

Digital health, or e-Health, can be defined as “the safe and cost-effective use of infor-
mation and communication technologies in support of health and health-related fields”,
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with the World Health Organization considering making e-Health a global priority for
health systems development [8]. The implementation of e-Health can substantially con-
tribute to filling some gaps in the performance of primary health care (PHC), especially
in developing countries such as Brazil [9]. One of these strategies is to expand the use of
telemedicine to provide diagnostic and consulting support to professionals in distant loca-
tions, supporting the physician in such locations and improving the skills and knowledge
of remote healthcare providers [10].

The distribution of income and access of the Brazilian population to technological
resources is characterized by geographical and social inequality. Even so, the report “Digital
2020”, published by We Are Social in January 2020, identified 150.4 million internet users in
Brazil [11], accounting for an increase of 6.0% (8.5 million) when compared to the same
month of the previous year, and by June 2020 there were identified 234 million active
smartphones, a number that has been larger than the Brazilian population since 2017,
according to the 31st edition of the Getúlio Vargas Foundation (FGV) Annual Research
on the IT Usage [12]. Considering the public health area, there is a partnership between
the Ministry of Health and the Ministry of Science, Technology, and Communications
to provide internet access in 100% of health care units in Brazil [13]. That way, we can
recognize that there is an increasingly favorable context for the wide deployment of
telemedicine in the country. Despite this, there are still challenges and important aspects
to be considered, for example, a Brazilian resolution that allows greater use of telehealth
strategies throughout the country [14,15].

This article aims to describe telehealth strategies carried out in the years 2018 to 2021
by the Hospital Alemão Oswaldo Cruz, in partnership with the Brazilian Ministry of Health
through the Support Program for Institutional Development of the Unified Health System
(PROADI-SUS) [16,17].

2. Materials and Methods

Between 2018 and 2021, Hospital Alemão Oswaldo Cruz, in partnership with the
Ministry of Health, through PROADI-SUS, developed projects and actions in Telehealth
aimed at improving management in various spheres of the SUS. Of these, we review three
strategies aimed at reducing the impact of CNCD on health using different strategies
in e-Health for this purpose. As these are three different projects, we will describe the
methodology of each one separately.

2.1. Brasil Redes Project

The Brasil Redes Project aimed to carry out a diagnostic evaluation of the National
Telehealth Brazil Networks Program (PNTBR–in Portuguese), which completed 10 years of
existence in 2017 [18]. This program aims to promote strategies to support primary health
care through distance communication actions that are carried out by telehealth centers. As
of 2011, the main activities to be carried out by the centers were as defined: teleconsulting,
telediagnosis, tele-education, and training second opinion [19].

Five studies were carried out for this evaluation: evaluability study, implementation
evaluation, and cost-effectiveness evaluation of two services offered in the list of activities
foreseen by the program and program cost analysis [20]. The evaluability study was the
first stage, aiming to identify the resources, the stakeholders, the processes carried out, the
evaluative questions, and the expectations regarding the results of the referred program.
This study included data collection work between the months of August and December
2018. The second study was the implementation evaluation, which had two major stages:
socio-historical analysis of the genesis of the program and the implementation evaluation
itself. The economic evaluations addressed the teledermatology service of the Telehealth
Center of Santa Catarina [21] and the telecardiology service of the Telehealth Center of
the Hospital das Clínicas of the Federal University of Minas Gerais [22] (Figure 1). The
last study evaluated the unit value of the electrocardiogram and Holter report to be imple-
mented as a procedure made available to the population by the Unified Health System.
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Figure 1. Brazil’s states with telehealth initiatives included in the current article.

Table 1 outlines a systematization of the five studies carried out.

2.2. Regula Mais Brasil Colaborativo

Regula Mais Brasil Collaborative [17] is a project developed to qualify the outpatient
care regulation process (evaluation of referrals to specialized care) using telehealth tech-
nologies, with an evaluation of cases in regulation, use of access protocols to specialties,
and teleconsulting support for case resolution. Furthermore, this project monitors the
waiting period process, where the patient is registered in the online system where he awaits
the emergence of a vacancy for the requested specialty. Usually, this waiting time is 1 to
2 years.

Motivated by the COVID-19 pandemic [15], the Ministry of Health of Brazil authorized
teleconsultations to face the pandemic, which had been prohibited in Brazil until then,
and invited the Hospitals to participate in the Regula Mais Brasil Collaborative to offer
teleconsultations, thus expanding the scope of the project. The purpose of this offer was to
reduce the risk of transmission of the virus, both in displacement and in the environment
of health services, to avoid contact with possible contaminants, and to maintain the care of
acute and chronic diseases in an off-site manner. In addition, the importance of this offer
was enhanced by the closing of several elective outpatient care services at the beginning of
the pandemic, which could lead to the worsening of cases due to a lack of assistance.

2.3. Teleconsulta Diabetes

This project’s main objective, until in recruitment phase, is to conduct clinical research
to test the hypothesis that teleconsultation is non-inferior to the face-to-face care of patients
with diabetes mellitus (DM) type II referred from primary health care (PHC) to specialized
care in SUS [23].

This is a randomized, pragmatic, phase-2, single-center, open, non-inferiority clinical
trial, with central randomization, allocation confidentiality, and data analyst blinding, to
assess the efficacy and safety of specialized care by teleconsultation compared to face-to-
face care. A total of 250 participants of both sexes over 18 years old, with type 2 diabetes
mellitus, will be included. This sample size will allow evaluating the non-inferiority of up
to 0.5% between groups, assuming a standard deviation of 1.30.
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The outcomes that will be analyzed in this study are: the mean difference in the per-
centage of glycated hemoglobin (HbA1c) post- and pre-intervention in patients diagnosed
with type 2 DM in 3 and 6 months, fasting blood glucose measurements and blood count,
measurements of serum urea and creatinine, lipid profile measurements, systolic pressure
measurements, in-office measurements, in-office diastolic pressure measurements, mea-
surements of body weight and body mass index (BMI), the incidence of any adverse events,
and quality measurements of patients’ lives using the diabetes quality of life measurement
questionnaire (DQOL) [24].

In the micro-costing analysis [25], this study performs the definition of the consump-
tion time equations of each resource per product/service and extrapolation of the findings
to define the productive capacities of the basic health units (UBS–in Portuguese) through
real care data by the flow of regulation in the city of Joinville.

3. Results

The main target audience of the Telessaúde Brasil Redes National Program is primary
health care teams, and with that many of the actions offered by the centers were focused on
caring for people with CNCD. In this sense, the project results highlighted opportunities
for improvement of the telehealth program for CNCD at the federal level. In Brazil’s public
health system, there is a necessity to homogenize the financing values considering the
production potential of the centers, mainly for telediagnosis, and monitoring and evaluation
methods of results. For the spheres of state centers aiming to value their actions, there is a
need to reflect on challenges in the use of these services by health workers and on regional
partnerships. The set of methods offered a broad vision of the program and articulated
more detailed analyses of certain services offered by the telehealth centers. The purpose
was to offer subsidies to the Ministry of Health in improving the telehealth program and
using the expertise of certain centers as inspiring the formulation of procedures used to be
offered by SUS.

Since the creation of the Brazil Redes program in 2007, 33 telehealth centers have been
identified in various regions of the country (Figure 1), with very diversified health access
strategies, as described in Table 2.

Table 2. Contributions of the evaluative studies of the National Telehealth Brazil Networks Program to MS decision-making,
with a focus on CNCD.

Analysis Results
Contributions to the Ministry of Health in

Decision Making for Chronic
Non-Communicable Diseases (CNCD)

Evaluability study

• Management mechanisms identified and
clear definition of work proposals and
expected results. Heterogeneity between
health centers, including activities
offered and receipt of funds.

• There is institutional weakness in the
program’s national coordination.

• In-depth analysis of the heterogeneity of
the centers and their regional contexts is
necessary to better plan the actions to be
offered by each one, and regularize the
funds transferred by the federal entity.
This could improve the telehealth
strategy aimed at primary care.

Implementation assessment

• Through the analysis of four cores,
heterogeneity in the provision of
telehealth services, differences in the
receipt and use of funds, and diversity in
articulations with state decision-making
bodies were confirmed.

• The federal administration did not
develop adequate strategies for
managing the funding and productivity
of the centers. The centers raise funds
from different sources and seek to keep
their services running.

• The actions of teleconsultation,
tele-education and training second
opinion are aimed at primary care and
help in the training of workers in the
care of CNCD. Despite the fragile
measurement of results, these actions are
recognized by workers as relevant to
improvement.

• Telediagnosis in cardiology, dermatology,
spirometry, stomatology, and
ophthalmology demonstrate an impact
on the CNCD healthcare network.
Support to regulation centers organize
and optimize queues for specialists and
promote greater resolution in the
primary care.
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Table 2. Cont.

Analysis Results
Contributions to the Ministry of Health in

Decision Making for Chronic
Non-Communicable Diseases (CNCD)

Teledermatology’s economic evaluation

• The cost-effectiveness analysis shows
that the service, using the
teledermatology strategy, costs USD
191.38 per patient, while the use of the
conventional service costs USD 220.68
per patient.

• As the performance of the service was
used as an effectiveness parameter, there
are no significant differences between the
alternatives. If the services have equal
patient care capacity, there are only
differences in costs, which result in USD
59.89 more for the care of a patient in the
conventional strategy compared to
teledermatology.

• It is concluded that conventional care is
dominated by teledermatology,
presenting itself as a good strategy to be
implemented and/or financed by the
public administration. This service will
be able to contribute with greater agility
in scheduling and carrying out
consultations, preventing dermatological
problems from evolving in severity, as
well as helping people from regions
farther away from the places where the
specialists are located to have easier
access to the dermatological
examination.

Telecardiogy’s economic evaluation

• The cost-effectiveness analysis shows
that the service, using the telecardiology
strategy, considering that all patients
have their problems solved in secondary
care, cost USD 47.35 purchasing power
parity (PPP) per patient, while the use of
the conventional service costs USD 99.94
PPP dollars per patient. As the
performance of patient care was used as
a parameter of effectiveness, there is no
significant difference in effectiveness
between the alternatives. If the services
have equal patient care capacity, there
are only differences in costs, which result
in USD 52.59 PPP more for the care of a
patient in the conventional strategy
compared to telecardiology.

• It is then concluded that conventional
care is dominated by telecardiology,
presenting itself as a good strategy to be
implemented and/or financed by the
public administration. This service will
be able to contribute with greater agility
in scheduling and carrying out
consultations, preventing cardiovascular
problems from evolving in severity, as
well as helping people from regions
farther away from the places where the
specialists are located to have easier
access to the related exams.

In this sense, the centers sought to articulate different fronts of activities to contem-
plate permanent education and the improvement of primary care professionals, whether
through courses, virtual lectures, teleconsulting, production of training second opinions,
and telediagnosis. Regarding the processes evaluated in the economic component, the two
studies carried out with the Telehealth Center at Clinic’s Hospital from the Federal Univer-
sity of Minas Gerais clarify the cost and budget impact forecast for the implementation of
telecardiology services in the public service network, which can greatly contribute to the
improvement of care for people with CNCD.

The Hospital Alemão Oswaldo Cruz carried out consolations in the Regula Mais
Brasil Collaborative Project via teleconsultation of users, in the specialties of neurology,
endocrinology, orthopedics, and mental health, totaling 1097 teleconsultations in this
period. Specific actions for CNCDs are concentrated in the specialty of endocrinology, in
which 161 teleconsultations were carried out, all with SUS users in the city of Recife, city
located in the state of Pernambuco, in northeastern Brazil (Figure 1). The results obtained
in this project are displayed in Table 3.

Depending on the prevalence of endocrinological diseases, diabetes mellitus appears
as the most prevalent reason for teleconsultations performed. Regarding the technology
used for contact between the doctor and the patient, video calling (audio and video) was
mostly used, since it represents the best possibility of remote interaction. The exclusive
audio resource was only used when it was not possible to use video calling.
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Table 3. Results of Regula Mais Brazil Project.

Teleconsultation Diseases N (%)

Reason for teleconsultation

Insulin-dependent diabetes 80
Non-insulin dependent diabetes 67

Hypothyroidism/myxedema 4
Hypertension with complications 3

Thyreoid cancer 2
Goiter 1

Hypertension without complications 1
Hyperthyroidism 1

Other diseases 2

Technology used Phone 46 (28.6%)

Video calling 115 (71.4%)

Outcomes after the last teleconsultation

Follow up at primary care 40.3%

Follow up at specialized care 33.8%

Teleconsultation follow up 23.4%

Urgent follow up at specialized care 2.6%

Net promoter score (NPS) 0–100 93

The outcomes of the last teleconsultation were performed to allow an assessment of
the resolvability potential of this assistive technology. The follow-up outcomes in PHC
(40.3%) represent cases in which the specialist, based on the assessment in teleconsultation,
considers that, based on the complexity of the case, the patient can be followed up in
the PHC, close to their residence, avoiding unnecessary referral and displacement of the
patient to the specialized center. In addition, he receives the first guidance and conduct by
the specialist via teleconsultation. Likewise, the reassessment in teleconsultations (23.4%)
also represents the cases in which digital technology allows for adequate follow-up with
a specialist, without the need to travel. On the other hand, cases in which the outcomes
indicate the need for a face-to-face consultation with the specialist, whether immediate or
elective, represent the limitation of teleconsultation in the assessment or follow-up of cases.
It is worth mentioning that all cases evaluated did not have a first face-to-face consultation
which, in some cases, limits a better diagnosis.

What corroborates the potential of teleconsultations is the result of the Net Promoter
Score [26], which assesses user satisfaction concerning the service, and which, on a scale
from 0 to 100, presented an index of 93 points in teleconsultations in endocrinology carried
out and evaluated by the project patients.

Regarding the results of the teleconsultation diabetes research project, it was not yet
possible to demonstrate aspects of the research results related to the results of comple-
mentary exams, questionnaires measuring the quality of life in diabetes (DQOL), and
satisfaction assessment with telemedicine, due to the small number of participants in-
cluded so far. Of the patients included in the study, the mean age was 59.4 years, with a
predominance of 78% of white people, followed by black (12%) and mixed race (10%), and
a slight predominance of males (54%) of the included participants.

In addition, within the scope of the teleconsultation project, the time-driven activity-
based costing (TDABC) micro-costing methodology, or costs based on time and activity,
was adopted because it allows the identification of the unit cost of the service within
the expected efficiency conditions, also acting as a comparison metric. In this scenario,
the first hypothesis considered the duration of the teleconsultation and the face-to-face
consultation to be identical, as well as the duration of the pre-consultation activities. This is
a preliminary conclusion, considering that recruitment, until this period, was minimal and
with low statistical power to detect differences in times. The second hypothesis considered
that the costs with materials and structure of the UBS’s and the Polyclinic are also identical
since the Health Department of Joinville is in the middle of the process of changing the
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methodology for this type of cost and must provide these data in a manner more accurate
by mid-2021. In this hypothetical scenario, the cost of teleconsultation was 5% higher than
that of a face-to-face consultation. As in both cases, the consultation is responsible for more
than 90% of the total cost, the difference in duration between the two types of consultation
will be the determining factor for the difference in costs between them. More details that
relate the methodologic and statistic description are outlined in the design paper published
before [23].

4. Discussion

Teleconsultation is a medical act and must abide by the Brazilian Medical Code of
Ethics (MCE) [27–29]. As provided in Article 37 of the MCE, the physician is prohibited
from “prescribing treatment or other procedures without direct examination of the patient,
except in cases of urgency or emergency and proven impossibility of performing it, and, in
such circumstances, must do so immediately after ceasing the impediment” [30]. The State
of Emergency in Public Health of National Importance (ESPIN) [31] triggered during the
SARS-CoV-2 pandemic fits into this prerogative, thus supporting teleconsultations during
this exceptional period where the Brazilian society had the opportunity to experience
remote medical care more extensively.

Critics of telemedicine approval warn that the possible overuse and careless use of
telemedicine could turn doctors into “telemarketing operators”, which could lead to poor
quality in appointments, medical errors, and unemployment by reducing the number of
face-to-face doctors [32]. Although the movements of criticism to teleconsultation caused a
fanfare in the mainstream media, they do not seem to reproduce what the Brazilian medical
professional wants. A survey carried out in February 2020 by the São Paulo Physicians
Association (APM) with over 2200 physicians from 55 different specialties revealed that
64.39% of doctors wanted a regulation that would allow the expansion of services and
assistance to the population, including direct doctor-to-patient teleconsultation [33].

This whole context evidences the lack of alignment between the federal government,
the Brazilian Medical Federal Council, health plan operators, medical associations, and
medical professionals, especially concerning teleconsultations. The challenge is how to
expand access to medical services mainly to specialists for populations in remote regions,
reduce healthcare costs and the displacement of patients, and on the other hand, minimize
the fear of damage to the medical profession [27]. Other challenges now faced by specialists
are data insecurity, trivialization of teleconsultations, and the production of misdiagnoses
and prescriptions, in addition to avoiding possible unemployment of doctors. The country
should take advantage of the current situation and promote a wider discussion on the
benefits and limitations of permanent and full permission to use telemedicine, bringing to
the agenda socioeconomic, cultural, and technological issues.

The Brazil Redes program showed the presence of decentralized and disseminated
strategies throughout the national territory, with actions in telehealth, focused not only on
CNCDs but also other health promotion strategies. The actions of teleophthalmology with
identification of diabetic retinopathy based in Mato Grosso [34,35] confirm the efficiency
and potential of supporting the health of the population using the Unified Health System
if the use of similar strategies were more widespread in the country. They also serve as a
model as strategies to be implemented in other developing countries.

The Regula Mais Brasil project, through the implementation of teleconsultation in
the Unified Health System, demonstrated, in an unprecedented way, how strategies that
allow the population’s access to different medical specialties can be feasible, in addition to
allowing the capillarization of care, through the strategy to take the specialist wherever
the patient is and not the other way around. Especially in the period of the SARS-CoV-2
pandemic, this project can maintain access to health care, especially for users with diabetes
and sequelae after a stroke, ensuring the maintenance of care [36].

Regarding the teleconsultation diabetes research project, if the efficacy and safety for
patients assisted by teleconsultation are confirmed, once the normative issues are resolved
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by the Federal Council of Medicine (CFM), this will be able to effectively contribute to the
promotion access of patients to the public health system, including specialist physicians.
Likewise, there may be an increase in the resolvability of the population’s health needs,
breaking the geographical barrier that a country with continental dimensions, such as
Brazil, imposes on the provision and standardization of health, in addition to the potential
savings for health systems, which may be used safely and with quality.

This paper has several limitations: one of then is the fact we make a compilation
of three different strategies implemented at SUS in a tentative way to delivery medical
assistance to the general population. As the initial projects were not designed to analyze
the impact on outcomes, for example, the incidence of myocardial infarct or stroke, the
authors only could initiate a discussion, showing that e-Health strategies can be performed
in a public health system.

5. Conclusions

Although there is evidence in favor of the use of telehealth strategies to deal with
CNCDs, in Brazil, due to difficulties in accessing technology in addition to important
care gaps and legal impediments, we observe a lack of strategies in this area for health
promotion within the scope of the SUS.

Therefore, given the above, there is a need to generate reliable scientific evidence of
the effectiveness and safety of applicability within the context of regulation and access
to the SUS. In this article, the authors demonstrate how specific initiatives in telehealth,
through partnerships between the Ministry of Health and Hospitals of Excellence, can foster
the development of new research and assistance strategies within the scope of e-Health
in Brazil.

Author Contributions: Conceptualization, D.L.G.R.; methodology, D.L.G.R., G.S.B., I.d.C.B. and
M.A.M.; validation, D.L.G.R., G.S.B., I.d.C.B., M.A.M. and A.P.N.M.d.P.; formal analysis, D.L.G.R.,
G.S.B., I.d.C.B. and M.A.M.; investigation, D.L.G.R., G.S.B., I.d.C.B. and M.A.M.; resources,
A.P.N.M.d.P.; data curation, D.L.G.R., G.S.B., I.d.C.B. and M.A.M.; writing—original draft prepara-
tion, D.L.G.R., G.S.B., I.d.C.B. and M.A.M.; writing—review and editing, D.L.G.R., G.S.B., I.d.C.B.,
M.A.M. and A.P.N.M.d.P.; supervision, D.L.G.R.; funding acquisition, A.P.N.M.d.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Brazil’s Ministry of Health, by the Institutional Development
Support Program of the Unified Health System (PROADI-SUS).

Institutional Review Board Statement: The study TELEconsulta Diabetes was conducted according
to the guidelines of the ResNo466 of the National Health Council, is the basis for the definition of
ethical precepts in research involving humans in Brazil, since we are not signatories to the Declaration
of Helsinki and approved by the Ethics Committee of (CAAE: 03434218.1.0000.0070, protocol code
3.623.207 and approval on 5 October 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest and the funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results.

References

1. Freire Filho, J.R.; Silva, C.B.G.; Costa, M.V.; da Forster, A.C. Educação Interprofissional nas políticas de reorientação da formação
profissional em saúde no Brasil. Saúde Debate 2019, 43, 86–96. [CrossRef]

2. Peduzzi, M.; Norman, I.J.; Germani, A.C.C.G.; da Silva, J.A.M.; de Souza, G.C. Educação interprofissional: Formação de
profissionais de saúde para o trabalho em equipe com foco nos usuários. Rev. Esc. Enferm. USP 2013, 47, 977–983. [CrossRef]

3. Tziraki, C.; Grimes, C.; Ventura, F.; O’Caoimh, R.; Santana, S.; Zavagli, V.; Varani, S.; Tramontano, D.; Apóstolo, J.; Geurden, B.;
et al. Rethinking palliative care in a public health context: Addressing the needs of persons with non-communicable chronic
diseases. Prim. Health Care Res. Dev. 2020, 21, e32. [CrossRef] [PubMed]

4. World Health Organization. Global Status Report on Noncommunicable Diseases 2010. Available online: https://www.who.int/
nmh/publications/ncd_report_full_en.pdf (accessed on 1 September 2021).

91



Int. J. Environ. Res. Public Health 2021, 18, 10218

5. Malta, D.C.; Andrade, S.S.; Oliveira, T.P.; Moura, L.D.; Prado, R.R.; Souza, M.D. Probabilidade de morte prematura por doenças
crônicas não transmissíveis, Brasil e regiões, projeções para 2025. Rev. Bras. Epidemiol. 2019, 22, e190030. [CrossRef]

6. Malta, D.C.; de Azeredo Passos, V.M.; Machado, Í.E.; Souza, M.D.; Ribeiro, A.L. The GBD Brazil network: Better information for
health policy decision-making in Brazil. Popul. Health Metr. 2020, 18, 23. [CrossRef] [PubMed]

7. Instituto Brasileiro de Geografia e Estatística. (Ed.). Pesquisa Nacional de Saúde, 2013: Acesso e Utilização dos Serviços de Saúde,
Acidentes e Violências: Brasil, Grandes Regiões e Unidades da Federação; Instituto Brasileiro de Geografia e Estatística-IBGE: Rio de
Janeiro, Brazil, 2015; 98p.

8. World Health Organization. Resolution WHA58.28: eHealth; WHO: Geneva, Swizterland, 2005. Available online: http://apps.who.
int/iris/bitstream/10665/20378/1/WHA58_28-en.pdf?ua=1) (accessed on 27 August 2021).

9. Lima-Toivanen, M.; Pereira, R.M. The contribution of eHealth in closing gaps in primary health care in selected countries of Latin
America and the Caribbean. Rev. Panam. Salud Pública 2018, 42, 1–11. [CrossRef]

10. Silva, A.B.; da Silva, R.M.; Ribeiro, G.D.; Guedes, A.C.; Santos, D.L.; Nepomuceno, C.C.; Caetano, R. Three decades of telemedicine
in Brazil: Mapping the regulatory framework from 1990 to 2018. PLoS ONE 2020, 15, e0242869.

11. Digital in 2020. Available online: https://wearesocial.com/digital-2020 (accessed on 1 September 2021).
12. Uso da TI-Tecnologia de Informação nas Empresas Pesquisa Anual do FGVcia. Available online: https://eaesp.fgv.br/sites/

eaesp.fgv.br/files/u68/fgvcia2021pesti-relatorio.pdf (accessed on 22 August 2021).
13. Unidades de Saúde Serão 100% Conectadas à Internet até o Fim de Abril, Garante Marcos Pontes. Available online:

https://www.gov.br/pt-br/noticias/saude-e-vigilancia-sanitaria/2020/04/unidades-de-saude-serao-100-conectadas-a-
internet-ate-o-fim-de-abril (accessed on 27 August 2021).

14. Conselho Federal de Medicina. RESOLUÇÃO CFM no2.228/2019. Sect. I 6 March 2019. p. 58. Available online: https:
//sistemas.cfm.org.br/normas/visualizar/resolucoes/BR/2019/2228 (accessed on 8 September 2021).

15. Carvalho, C.R.R.; Scudeller, P.G.; Rabello, G.; Gutierrez, M.A.; Jatene, F.B. Use of telemedicine to combat the COVID-19 pandemic
in Brazil. Clinics 2020, 75, e2217. [CrossRef]

16. Decreto n◦ 7237 de 20 de Julho de 2010. Available online: https://legislacao.presidencia.gov.br/atos/?tipo=DEC&numero=7237
&ano=2010&ato=299c3ZU5EMVpWT10d (accessed on 22 August 2021).

17. PROADI-SUS. Available online: https://hospitais.proadi-sus.org.br/ (accessed on 27 August 2021).
18. Ministério da Saúde. Telessaúde Brasil Redes; Ministério da Saúde: Brasília, Brazil, 2015. Available online: http://189.28.128.100

/dab/docs/portaldab/documentos/manual_tecnico_telessaude_preliminar.pdf (accessed on 22 August 2021).
19. Brasil. Ministério da Saúde. Gabinete do Ministro. Portaria no 2.546, de 27 de Outubro de 2011. Diário Oficial da União, Brasília:

Ministério da Saúde. 1.html. 2011. Available online: http://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/prt2546_27_10_2011
.html (accessed on 27 August 2021).

20. Hospital Alemão Oswaldo Cruz. Avaliação Diagnóstica: Relatório de Avaliabilidade do Programa Nacional Telessaúde Brasil
Redes. 2019. Available online: https://hospitais.proadi-sus.org.br/projetos/96/telessaude-brasil-redes (accessed on 27 August
2021).

21. Ferreira, I.G.; Godoi, D.F.; Perugini, E.R.; de Bastiani Lancini, A.; Zonta, R. Teledermatologia: Uma interface entre a atenção
primária e atenção especializada em Florianópolis. Rev. Bras. Med. Fam. E Comunidade 2019, 14, 2003. [CrossRef]

22. Ribeiro, A.L.; Alkmim, M.B.; Cardoso, C.S.; Carvalho, G.G.; Caiaffa, W.T.; Andrade, M.V.; Cunha, D.F.; Antunes, A.P.; Resende,
A.G.; Resende, E.S. Implantação de um sistema de telecardiologia em Minas Gerais: Projeto Minas Telecardio. Arq. Bras. Cardiol.
2010, 95, 70–78. [CrossRef]

23. Rodrigues, D.L.; Belber, G.S.; Padilha, F.V.; Spinel, L.F.; Moreira, F.R.; Maeyama, M.A.; Pinho, A.P.; Júnior, Á.A. Impact of
Teleconsultation on Patients with Type 2 Diabetes in the Brazilian Public Health System: Protocol for a Randomized Controlled
Trial (TELEconsulta Diabetes Trial). JMIR Res. Protoc. 2021, 10, e23679. [CrossRef] [PubMed]

24. Pereira, E.V.; Tonin, F.S.; Carneiro, J.; Pontarolo, R.; Wiens, A. Evaluation of the application of the Diabetes Quality of Life
Questionnaire in patients with diabetes mellitus. Arch Endocrinol. Metab. 2020, 64, 59–65. [CrossRef]

25. Da Silva Etges, A.P.; Paixão Schlatter, R.; Lavanholi Neyeloff, J.; Vianna Araújo, D.; Bahia, L.R.; Cruz, L.; Regina Godoy, M.; da
Silva Bittencourt, O.N.; da Rosa, P.R.; Anne Polanczyk, C. Estudos de Microcusteio aplicados a avaliações econômicas em saúde:
Uma proposta metodológica para o Brasil. J. Bras. Econ. Saúde 2019, 11, 87–95.

26. Hamilton, D.F.; Lane, J.V.; Gaston, P.; Patton, J.T.; Macdonald, D.J.; Simpson, A.H.; Howie, C.R. Assessing treatment outcomes
using a single question: The Net Promoter Score. Bone Jt. J. 2014, 96-B, 622–628. [CrossRef] [PubMed]

27. Maldonado, J.M.S.V.; Marques, A.B.; Cruz, A. Telemedicine: Challenges to Dissemination in Brazil. Cad. Saúde Pública 2016, 32
(Suppl. S2). Available online: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2016001402005&lng=en&
tlng=en (accessed on 27 August 2021). [CrossRef]

28. A Página Não Foi Encontrada. Available online: https://www.iess.org.br/cms/rep/Telemedicina_Chao.pdf (accessed on 1
September 2021).

29. Ferrari, D.V.; Lopez, E.A. A review of hearing aid teleconsultation in brazil. J. Hear. Sci. 2017, 7, 9–24.
30. Código de Ética Médica: Resolução CFM no 2.217, de 27 de Setembro de 2018, Modificada Pelas Resoluções CFM no 2.222/2018 e

2.226/2019/Conselho Federal de Medicina–Brasília: Conselho Federal de Medicina. 2019. Available online: https://portal.cfm.
org.br/images/PDF/cem2019.pdf (accessed on 27 August 2021).

92



Int. J. Environ. Res. Public Health 2021, 18, 10218

31. Dall’Alba, R.; Rocha, C.F.; de Pinho Silveira, R.; da Silva Costa Dresch, L.; Vieira, L.A.; Germanò, M.A. COVID-19 in Brazil: Far
beyond biopolitics. Lancet 2021, 397, 579–580. [CrossRef]

32. Caetano, R.; Silva, A.B.; Guedes, A.C.; Paiva, C.C.; Ribeiro, G.D.; Santos, D.L.; Silva, R.M. Desafios e oportunidades para
telessaúde em tempos da pandemia pela COVID-19: Uma reflexão sobre os espaços e iniciativas no contexto brasileiro. Cad.
Saúde Pública 2020, 36, e00088920. [CrossRef] [PubMed]

33. Connectivity and Digital Health on the Brazilian Physician Life. Associação Paulista de Medicina, February 2020. Available
online: http://associacaopaulistamedicina.org.br/assets/uploads/textos/Pesquisa-APM-2020.pdf (accessed on 10 September
2021).

34. Ribeiro, A.G.; Rodrigues, R.A.M.; Guerreiro, A.M.; Regatieri, C.V.S. A teleophthalmology system for the diagnosis of ocular
urgency in remote areas of Brazil. Arq. Bras. Oftalmol. 2014, 77, 214–218. [CrossRef] [PubMed]

35. Grisolia, A.B.D.; Abalem, M.F.; Lu, Y.; Aoki, L.; Matayoshi, S. Teleophthalmology: Where are we now? Arq. Bras. Oftalmol. 2017,
80, 401–406. [CrossRef]

36. Mantese, C.E.; da Aquino, E.R.S.; Figueira, M.D.; Rodrigues, L.; Basso, J.; Raupp Da Rosa, P. Telemedicine as support for
primary care referrals to neurologists: Decision-making between different specialists when guiding the case over the phone. Arq.
Neuropsiquiatr. 2021, 79, 299–304. [CrossRef] [PubMed]

93





International  Journal  of

Environmental Research

and Public Health

Article

An eCoach-Pain for Patients with Chronic Musculoskeletal Pain
in Interdisciplinary Primary Care: A Feasibility Study

Cynthia Lamper 1,*, Ivan Huijnen 1,2, Maria de Mooij 1, Albère Köke 1,2, Jeanine Verbunt 1,2 and Mariëlle Kroese 3

Citation: Lamper, C.; Huijnen, I.; de

Mooij, M.; Köke, A.; Verbunt, J.;

Kroese, M. An eCoach-Pain for

Patients with Chronic

Musculoskeletal Pain in

Interdisciplinary Primary Care: A

Feasibility Study. Int. J. Environ. Res.

Public Health 2021, 18, 11661.

https://doi.org/10.3390/

ijerph182111661

Academic Editors:

Irene Torres-Sanchez and Marie

Carmen Valenza

Received: 8 October 2021

Accepted: 4 November 2021

Published: 6 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Rehabilitation Medicine, Functioning, Participation & Rehabilitation, Faculty of Health,
Medicine and Life Sciences, Care and Public Health Research Institute (CAPHRI), Maastricht University,
6200 MD Maastricht, The Netherlands; ivan.huijnen@maastrichtuniversity.nl (I.H.);
m.demooij@maastrichtuniversity.nl (M.d.M.); albere.koke@maastrichtuniversity.nl (A.K.);
jeanine.verbunt@maastrichtuniversity.nl (J.V.)

2 Centre of Expertise in Rehabilitation and Audiology, Adelante, 6432 CC Hoensbroek, The Netherlands
3 Department of Health Services Research, Faculty of Health, Medicine and Life Sciences, Care and Public

Health Research Institute (CAPHRI), Maastricht University, 6200 MD Maastricht, The Netherlands;
marielle.kroese@maastrichtuniversity.nl

* Correspondence: cynthia.lamper@maastrichtuniversity.nl

Abstract: eHealth could support cost-effective interdisciplinary primary care for patients with chronic
musculoskeletal pain. This study aims to explore the feasibility of the eCoach-Pain, comprising a tool
measuring pain complexity, diaries, pain education sessions, monitoring options, and chat function.
Feasibility was evaluated (June–December 2020) by assessing learnability, usability, desirability,
adherence to the application, and experiences from patients and general practitioners, practice nurses
mental health, and physiotherapists. Six primary healthcare professionals (PHCPs) from two settings
participated in the study and recruited 29 patients (72% female, median age 50.0 years (IQR = 24.0)).
PHCPs participated in a focus group. Patient data was collected by evaluation questionnaires,
individual interviews, and eCoach-Pain-use registration. Patients used the eCoach during the entire
treatment phase (on average 107.0 days (IQR = 46.0); 23 patients completed the pain complexity tool
and used the educational sessions, and 12 patients the chat function. Patients were satisfied with the
eCoach-Pain (median grade 7.0 (IQR = 2.8) on a 0–10 scale) and made some recommendations for
better fit with patient-specific complaints. According to PHCPs, the eCoach-Pain is of added value to
their treatment, and patients also see treatment benefits. However, the implementation strategy is
important for successful use of the eCoach-Pain. It is recommended to improve this strategy and
involve a case-manager per patient.

Keywords: chronic musculoskeletal pain; primary care; eHealth; blended care; interdisciplinary care;
feasibility; mixed-methods design

1. Introduction

Chronic musculoskeletal pain (CMP) is a significant public health problem occurring
in 19–28% of the European population [1,2]. It is expected that this number will increase in
the next years, in line with an aging population [3]. The current health system for patients
with CMP is fragmented, leading to high societal and healthcare costs [4–6]. Therefore,
the World Health Organization (WHO) calls for a change in health systems focusing on
interdisciplinary rehabilitation care and the improvement of self-management skills of
patients on long term [7]. However, in order to reach this, there is a need for changes
in knowledge, skills, and attitudes of healthcare professionals, as well as changes in the
organization of healthcare.

Challenges in this change are accessibility and cost-effectiveness of rehabilitation care,
for which eHealth can be a solution [8]. eHealth is defined as the use of information and
communication technology for health [9,10]. A wide range of eHealth tools (such as mobile
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applications and online interventions) have been developed to improve self-management
for acute and chronic pain, with promising results regarding their effectiveness [11–13].
Several reasons for the additional value of eHealth in the treatment for patients with CMP
can be mentioned.

First, current care for chronic pain is fragmented and continuity of care for the in-
dividual patient is often lacking. eHealth can improve healthcare organization as it can
facilitate communication and collaboration between healthcare professionals of different
disciplines [14]. Accordingly, the WHO advises integrating rehabilitation care within and
between primary (general practice), secondary (general hospital), and tertiary care (spe-
cialized care centers) [7]. They advise to implement eHealth to facilitate continuity of care
in integrated health systems by stimulating daily activities and participation of patients,
which are rehabilitation goals [15].

Second, currently, healthcare professionals receive training on diagnosis and treat-
ment, primarily focused on knowledge within their own discipline [16]. This ranges from
biomedical oriented care focusing on attempts to solve the pain, toward biopsychosocial
oriented care which focuses on optimizing functioning despite pain [17,18]. However, the
recommended approach by the WHO requires an integral biopsychosocial vision applied
by all healthcare professionals. Currently, patients receive various treatment approaches
causing confusion, resulting in unsuccessful organization of integrated care. An eHealth
application can facilitate an integral vision on pain and a common language, which are
components of integrated care [19]. In this way, it supports the treatment program of all
participating healthcare professionals.

Third, earlier studies indicated that eHealth improves self-care support and improves
daily activities for people with chronic illnesses [20–22]. eHealth, consisting of a combina-
tion of tools, might be of added value and useful as part of a blended care intervention.
This is studied previously with separate tools for online pain education or keeping track
of daily activities and participation in combination with face-to-face consultations [23,24].
The combination of tools is not studied previously and might lead to better informed and
more actively involved patients with increased autonomy, as well as a shift of the role of the
healthcare professional into adviser or coach [25]. Moreover, it is assumed that this blended
care can stimulate integrated care in the long term and decrease healthcare costs [26,27].

To study the additional value of eHealth in an interdisciplinary network of healthcare
professionals for patients with CMP, we implemented an electronic Coach (eCoach-Pain)
to facilitate pain rehabilitation within the South East of the Netherlands [28,29]. Based on
feedback in this earlier performed implementation, the eCoach-Pain is further improved
into its current version. The eCoach-Pain aims to support the provision of integrated
rehabilitation care with a shared biopsychosocial vision on health within the Network Pain
Rehabilitation Limburg. Within this network, patients and Primary Health Care Profession-
als (PHCPs), existing of general practitioners (GPs), physiotherapists (PTs), and practice
nurses mental health (PNMHs) use the eCoach-Pain. It comprises a measurement tool for
assessing complexity of the pain problem, diaries, pain education sessions, monitoring
options, and a chat function. Whether it is feasible to use in clinical practice is currently
unknown. Therefore, this study aims to explore the feasibility of the eCoach-Pain for
patients and PHCPs.

2. Materials and Methods

This study (June 2020 and December 2020) had a mixed-methods design. Feasibility
was evaluated with a focus on learnability, usability, desirability, adherence to the applica-
tion, and experiences from patients and PHCPS. These were measured by use of patient
questionnaires, data about eCoach-Pain-use, a focus group with PHCPs, and interviews
with patients. Ethical approval was obtained from the Medical Ethics Committee Z, the
Netherlands (METCZ20190037). Patients did not have to pay for participation in Network
Pain Rehabilitation Limburg or the eCoach-Pain. During a patient’s first login in the
eCoach-Pain, an electronic informed consent for the use of the eCoach-Pain and consent
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for transferability of their contact details to the researcher were registered. Additionally,
for the telephonic interview, patients were asked for informed consent and for recording
the interview. PHCPs were asked for informed consent at the start of the focus group.

2.1. Sample and Setting

PHCPs (GPs, PNMHs, and PTs) of two interdisciplinary primary care practices were
recruited to participate in this feasibility study (n = 6). They all participated in the Network
Pain Rehabilitation Limburg (situated in the South East region of the province Limburg,
The Netherlands). This network within and between primary, secondary, and tertiary
care aims to support a shared biopsychosocial vision regarding CMP, early recognition of
patients with subacute complaints, and a person-centered referral and treatment.

For the current project, patients were recruited by the participating PHCPs. They
were eligible if they were ≥18 years at the start of the study, had CMP or musculoskele-
tal pain at increased risk of becoming chronic (based among criteria on the STarT MSK
tool [30,31]), were willing to improve their functioning despite the pain, and had adequate
Dutch literacy to use the eCoach-Pain. Exclusion criteria were pregnancy or any medical
(orthopedic, rheumatic, or neurological) or psychiatric disease which could be treated by a
more appropriate therapy, according to the expert opinion of the GP.

Once a new patient with CMP, or with an increased risk of developing chronic pain,
consulted a PHCP, the patient was asked to use the eCoach-Pain. The PHCP gave the main
instructions and sent a manual by email.

2.2. The eCoach-Pain

The eCoach-Pain has been designed by Sananet Care B.V., based on earlier developed
eCoaches, such as for Inflammatory Bowel Disease and heart failure [29,32,33]. It contains
different goals or opportunities for both patients with CMP and their PHCPs. For patients,
the goal is to improve and maintain self-management in coping with pain. For PHCPs
the goal is to facilitate biopsychosocial assessment for treatment planning and to monitor
the treatment progress of patients with CMP. The eCoach-Pain has been developed in an
iterative co-creative development process with the collaboration of researchers, technical
experts, patients, and PHCPs. The results of this study will be published elsewhere [28].
The eCoach-Pain can be used on mobile phones, tablets, laptops, and PCs with internet
connections.

2.2.1. Application for the Patient

Each patient has an own account for the eCoach-Pain (Figure 1), which could be
created in two different ways: First, the PHCP could create a patient’s account by filling in
the patient’s contact details after which the patient receives two emails, one with an account
name and one with a password. Consecutively, the patients’ account is automatically linked
to that of his/her treating PHCP. Second, patients could do a self-subscription throughout a
webpage. In this way, a patient is invited to complete contact details, to create a password,
and to connect him/herself to his/her own PHCP. Subsequently, the patient’s username is
sent to the patient by email.
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Figure 1. Content of the eCoach-Pain. At the top is the application for the patient, with the pain
complexity tool, diaries, educational sessions, and chat function. At the bottom is the application for
the primary healthcare professional (PHCP) with an intervention list, an overview of the diaries, and
an overview of educational sessions.
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After login by the patient, a home screen is presented, which contains four different
elements (Figure 1).

1. The pain complexity tool:

The pain complexity tool supports the PHCPs in their decision-making for problem-
mapping and treatment selection. It consists of two parts:

(A) The STarT MSK Tool assessing the complexity of the pain problem for referral within
primary care. The patient’s first action in the eCoach-Pain is completing this question-
naire. The Dutch version of the STarT MSKTool is translated and validated [30,31]. The
STarT MSK Tool exists of nine Yes (=1) or No (=0) questions regarding activity level,
anxiety, depression, and thoughts about CMP and one Visual Analogue Scale (0–10)
to assess pain intensity (0–4 = 0 points, 5–6 = 1 point, 7–8 = 2 points, 9–10 = 3 points).
All scores are summed, and a total score of 0–4 indicated a low risk, a total score from
5–8 indicated a moderate risk, and a total score from 9–12 indicated a high risk of
developing CMP.

(B) To further differentiate within the range of primary, secondary and tertiary rehabili-
tation care an additional set of questions about the biopsychosocial complaints and
background of the patient was added to be filled in by the PHCP. After completion of
both parts of the complexity tool, the eCoach-Pain calculates the score and assigns the
best-fitting referral option to assist the PHCP. The PHCP discusses the results with
the patient and refers him/her to the most appropriate treatment via shared decision
making.

2. Diaries:

The eCoach-Pain also contains the possibility to use diaries. The PHCP decides,
together with the patient, if and how often diaries will be sent to the patient. Diaries
can automatically be sent every week, every two weeks, or once a month. However, the
diary option can also be neglected. The automatic setting of these diaries is once a week.
The diaries exist of the pain complexity tool with additional questions. This extension
exists of additional questions based on the questions in the STarT MSK tool scored with
“Yes”. The answers to these additional questions could be discussed with the PHCP during
consultation and used to adjust the treatment or to provide additional educational material
to the patient.

3. Education sessions:

The educational sessions provide patients background information about topics re-
lated to pain and pain-related disability, such as the difference between acute and chronic
pain, treatment of pain, biopsychosocial influences on their pain, information about work
and pain, and treatment options. The educational sessions are interactive (YouTube videos
and quiz questions with feedback on answers), and they are integrated to stimulate learning
and improving knowledge about (chronic) pain. The educational materials are presented
in 13 themes and per theme subdivided over several sessions (Figure 1).

4. Chat function:

The chat function is used to send bidirectional messages containing questions or
treatment material between patient and PHCP. All communication between patient and
PHCP remains accessible in the eCoach-Pain to enable patients to reread answers, advice,
or treatment exercise at later moments and times.

2.2.2. Application for the PHCPs

PHCPs could access the eCoach-Pain via a secured webpage on their own device. The
PHCPs were instructed to monitor and analyze the patient’s situation within a few working
days after the patient had completed the pain complexity tool or diary, and to respond as
quickly as possible to messages from the patients. To facilitate interpretation of the pain
complexity tool and diaries and to save PHCPs’ time, information within the application
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was supportively presented using overviews, graphs, and colored risk flags. Based on the
results of the pain complexity tool, different flags appeared on the intervention list: a red
flag for a high risk, an orange flag for a medium risk, and a green flag for a low risk for
developing CMP (Figure 1).

PHCPs had only access to data of patients treated by themselves. It was possible
that more PHCPs, for example, a PT and GP, have access to the data of the same patient
in case it was a joint patient. When the PHCP sent a message to a patient or another
PHCP, respectively, the other PHCPs and patient were able to read this message in the chat
function.

An instruction meeting of one hour to become familiar with the possibilities of the
eCoach-Pain was provided to all PHCPs before the start of the study. The software de-
velopers and research team facilitated this meeting. Afterward, a paper-copy instruction
manual was provided. Moreover, during the pilot, the PHCPS could contact the service
desk of the software developers when help was needed or technical issues occurred.

2.3. Data Collection and Analysis
2.3.1. Learnability, Usability, and Desirability

In September 2020, when the PHCPs had used the eCoach-Pain already for approx-
imately three months, the researcher sent a questionnaire to participating patients. The
questionnaire assessed learnability (5-items), usability (5-items), and desirability (6-items)
and was an adjusted version of a questionnaire used in a study by Hochstenbach et al.
(2016) [34]. Usability was defined as ‘the extent to which the application could be used
by patients with CMP to monitor their pain, physical activity, and participation level
effectively, efficiently, and satisfactorily in everyday practice’. Learnability was defined
as ‘the time and effort required for these patients to use the application’. Desirability was
defined as ‘the extent to which the application was fun and engaging to use for these
patients. Patients rated each item on a 1–5 Likert scale (completely disagree–completely
agree); higher scores indicated better learnability, usability, and desirability. A separate
item about the recommendation of the eCoach-Pain to family and friends on a 5-point scale,
and a separate item about the overall acceptance of the eCoach-Pain for treatment purposes
on a 10-point scale, were added.

Before data analysis, negatively-keyed items were reversed-scored using Microsoft
Excel, version Professional Plus 2016, the Microsoft Corporation, Santa Rosa, CA, USA.
Median scores with interquartile ranges per item and category were calculated. To identify
differences between the PHCPs disciplines, a sub-analysis with discipline as dependent
variable was performed.

2.3.2. Adherence to the Application

To assess the patients’ adherence, process data from the pain complexity tool, diaries
(filled out or not, time of fill out, answers), and from the educational sessions (opened or
not, time of opening, how often opened) were logged on the server. The data collected
between June 2020 and September 2020 were exported in October 2020.

Median scores and interquartile ranges were calculated using Microsoft Excel, for
the number of days patients were active in the eCoach-Pain, number of completed pain
complexity tools, diaries, educational sessions, and chat messages used.

Moreover, data about the PHCPs was collected. The median and interquartile ranges
of the number of log-ins of the PHCPs was registered overall and per PHCP discipline.

2.3.3. Experiences of Patients

Based on stratified probability sampling on sex, age, and PHCP, patients were con-
tacted for a telephonic interview by the researcher to gain more insight into the experiences
with the eCoach-Pain in September 2020. It was intended to ask approximately 16 patients,
of which eight agreed, until data-saturation would be reached. However, as data saturation
was not reached after this number of interviews, five additional interviews were performed
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in December 2020. Topics discussed in the semi-structured interviews included: the use
and acceptance of the pain complexity tool, diaries, educational sessions, and chat func-
tion, the supportiveness of the application regarding self-management, and technological
functioning of the application. Interviews were audio-recorded.

The audio recordings of the interviews were transcribed verbatim. These written
interviews were independently analyzed with inductive and deductive thematic analysis by
two researchers (C.L. and M.d.M.) using QSR International Pty Ltd. (Melbourne, Australia)
(2018) NVivo (Version 12), https://www.qsrinternational.com/nvivo-qualitative-data-
analysis-software/home (accessed on 4 November 2021) [35–37]. Data were sorted based
on pre-defined themes of the semi-structured interview-guide. Within these themes, sub-
categories were created based on the data. After the first two interviews, main themes and
codes were discussed and finalized. Thereafter, all other interviews were analyzed and
discussed by adding additional codes under the predefined themes.

2.3.4. Experiences of PHCPs

In September 2020, the researcher (C.L.) and observer (A.K.) held an online focus
group interview with all participating PHCPs via Zoom [38]. Technical experts of Sananet
B.V. (manufacturers of the eCoach-Pain) were available to take notes for future improve-
ments. Before the start of the focus group, participating PHCPs completed questions
about the topics on the agenda for the focus group. This encouraged them to formulate
an individual opinion before the focus group started and to share this during the meeting.
Topics discussed included: use and acceptance of the application, supportiveness of the
application in monitoring, advising and treating patients, fit with daily care, and technical
functioning of the application. The focus group was audio-recorded.

During the focus group with the PHCPs, the observer (A.K.) made notes and gave
a summary per topic discussed. These summaries were asked to be confirmed by the
PHCPs during the focus group. Before analysis, the audio recording was used to add
additional notes to the summaries by the researchers (C.L. and M.d.M.). These summaries
were independently analyzed with thematic analysis on the topics discussed by two
researchers (C.L. and M.d.M.) using QSR International Pty Ltd. (2018) NVivo (Version
12), https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
(accessed on 4 November 2021) [35].

3. Results

Data was collected from 29 patients in total; see Table 1. They were eight male and
21 female participations aged between 24–71 years (Median = 50, IQR = 24). The GPs
were the primary contact person for 14 patients, the PTs for 13 patients, and the PNMH
for two patients. Sixteen patients used the self-registration webpage, while 13 patients
were registered by their PHCP. The GP and PNMH of primary care practice one recruited,
together, eight patients. The PT of primary care practice one did not recruit any patients.
In primary care practice two, 21 patients were recruited by the GP, PNMH, and PT.
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Table 1. Patient characteristics.
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R01 M 41 103 GP X X X X
R02 M 61 86 GP X X X X X
R03 M 36 124 GP X X X X
R04 F 69 109 PT X X X X
R05 M 70 54 GP X X X X
R06 M 71 115 GP X X X X X
R07 F 67 133 PT X X X X X
R08 M 70 61 GP X X X
R09 F 43 150 PT X X X X
R10 F 65 7 PT X X X X X
R11 F 66 112 GP X X X X
R12 F 47 68 PT X X X X
R13 F 46 117 PT X X X X
R14 F 60 92 GP X X X X
R15 M 62 117 GP X X X X
R16 F 32 83 GP X X X X
R17 F 50 n.a. PNMH X X X
R18 F 41 n.a. PT X X X
R19 F 45 n.a. PT X X X
R20 M 50 65 PT X X X
R21 F 57 98 GP X X X
R22 F 35 56 PT X X X
R23 F 44 105 GP X X X
R24 F 24 127 GP X X X
R25 F 29 118 PNMH X X X
R26 F 64 115 GP X X X
R27 F 40 59 PT X X X
R28 F 38 144 PT X X X
R29 F 65 127 PT X X X

Total: F:21
72% 50.0—24.0 107.0—46.0

GP: 14,
PT: 13,

PNMH: 2

13
45%

16
55%

8
28%

21
72%

11
38%

26
90%

11
38%

F: female, M: male, GP: general practitioner, PT: physiotherapist, PNMH: practice nurse mental health. n.a.: not applicable. IQR:
interquartile range, n: total number, %: percentage of total.

3.1. Learnability, Usability, and Desirability

Twenty-three patients received the invitation for the evaluation questionnaire (Septem-
ber 2020), of whom 11 patients responded (48%). The responders were older (65 (IQR = 23)
years old) than the non-responders (48.0 (IQR = 24) years old), and there were less females
than males (female responders: 55% (6 out of 11); female non-responders: 83% (10 out of
12)) compared to the total sample.

Six patients started using the eCoach-Pain after the questionnaire was sent and were
therefore not invited. The patients who filled in the evaluation questionnaire were an
average of 65 (IQR = 23) years old, 55% (6 out of 11) were female, and, on average, active
in the eCoach-Pain for 109 (IQR = 41) days. Ten patients answered all questions, and one
patient answered only the questions regarding learnability and usability.
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Table 2 presents the overall median score (GP and PT), as well as the median score
of the categories, and items separately per discipline (by a GP or PT). The scores show
that patients learned quickly how to manage the application (Median = 5.0, IQR = 1.0) and
could easily use the different components of the eCoach-Pain (Median = 5.0, IQR = 1.5).
The desirability was scored with a median score of 4.0, IQR = 2.0. The overall acceptance,
rated by the question “I would like to recommend the application to other patients” was
scored with a median of 4.0 (IQR = 2.0). Patients gave the eCoach-Pain a total overall
score of 7.0 (IQR = 2.8) on a 0–10 Numeric Rating Scale. Patients subscribed by GPs (n = 6)
scored 5.0 (IQR = 0.0) for learnability, 5.0 (IQR = 1.0) for usability, and 4.5 (IQR = 2.0) for
desirability, while patients subscribed by PTs (n = 5) scored 5.0 (IQR = 1.0), 5.0 (IQR = 2.0),
and 4.0 (IQR = 1.0), respectively.

Table 2. Median (IQR) learnability, usability, and desirability scores for the total patient group, patients subscribed by GPs,
and patients subscribed by PTs.* (1–5).

Subscribed by
GP and PT

(n = 11)
GP

(n = 6)
PT

(n = 5)

Learnability 5.0 (1.0) 5.0 (0.0) 5.0 (1.0)
It was easy to learn how to use the application. 5.0 (0.5) 5.0 (0.0) 5.0 (1.0)
I think the application was very complicated. a 5.0 (0.5) 5.0 (0.5) 5.0 (1.0)

I needed a lot of help to learn using the application. a 5.0 (0.5) 5.0 (0.0) 5.0 (3.0)
I quickly caught on how I could use the application. 5.0 (1.0) 5.0 (0.8) 4.0 (1.0)

I am confident that I used the application in the right way. 5.0 (1.5) 5.0 (0.8) 4.0 (0.8)
Usability 5.0 (1.5) 5.0 (1.0) 5.0 (2.0)

I could easily login into the application. 5.0 (1.0) 5.0 (0.8) 4.0 (2.0)
I could easily report my pain, activities, feelings, thoughts,

and emotions. 5.0 (1.5) 5.0 (0.8) 5.0 (3.0)

I understood the information in the educational sessions about
my pain, activities, feelings, thoughts, and emotions. 5.0 (1.0) 5.0 (0.8) 5.0 (2.0)

I could easily search for information about pain with
the application. 5.0 (2.0) 5.0 (1.5) 4.0 (2.0)

I could easily leave a message for the PHCP via the application. 5.0 (1.5) 4.5 (1.8) 5.0 (0.0)

Desirability 4.0 (2.0)
(n = 10) 4.5 (2.0) 4.0 (1.0)

(n = 4)
I liked using the application. 4.0 (1.0) 5.0 (1.5) 4.0 (1.8)

I liked using the pain diary for reporting my pain, activities,
feelings, thoughts, and emotions. 4.0 (1.0) 5.0 (0.8) 4.0 (1.3)

I liked using the educational sessions. 4.0 (1.8) 4.5 (2.0) 3.5 (1.0)
I liked using the chat function. 3.0 (1.8) 3.5 (1.8) 3.0 (1.0)

I liked the idea that my PHCP monitors my pain, activities,
feelings, thoughts, and emotions. 4.5 (1.0) 4.5 (1.0) 4.5 (1.5)

I liked the idea that my PHCP could adjust my treatment based
on my answers in the eCoach-Pain. 4.0 (2.0) 4.0 (1.8) 4.0 (2.3)

I would like to recommend the application to other patients. 4.0 (2.0) 4.5 (1.8) 3.5 (1.0)

Total overall score (0–10) 7.0 (2.8) 8.5 (2.3) 6.5 (0.5)

Scores: 0—totally disagree, 5 or 10—totally agree. a Negatively-keyed items were reversed-scored before data analyses but the original
question is presented in the table with the reversed-score. * PNMHs have no patients subscribed which completed the questionnaire.

3.2. Adherence to the Application

At the end of October 2020, for 26 of the 29 patients (median age 53.5 years (IQR = 24.75),
69% female (18 out of 26)), the export data about adherence to the application was available.
Three patients were asked to participate in the interviews in December 2020. At that
moment, exports were already performed; therefore, no export data of them were available.
At the moment of data export, the included 26 patients were, on average, 107.0 (IQR = 46.0)
days active in the eCoach-Pain. Ten of them stopped using the eCoach-Pain prematurely
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because they finished treatment (n = 3) or did not want to use it anymore (n = 7). The other
16 patients were still active in the eCoach-Pain at that time.

Twenty-three patients completed the pain complexity tool (Median = 7.0, IQR = 3.0,
1x low risk, 16x medium risk, 7x high risk). For 21 patients, their PHCPs also answered the
second part of the pain complexity tool. On average, the diaries were 6.0 (IQR = 3.5) times
filled (n = 23).

The educational sessions were opened by 23 patients, and they read, on average, 12.0
(IQR = 5.0) educational sessions per person. On average, each separate educational session
in the eCoach-Pain was started by 19.5 (IQR = 6.3) individual patients. In total, 224 unique
educational sessions were opened by these patients. As there were 13 sessions, this means
that some patients read (a part of) the educational sessions several times. Fourteen patients
completed all education sessions.

Twelve messages were sent from seven (27%) unique patients to their PHCP, and
five messages were sent from the PHCPs to the patients by the chat function. The pa-
tients started all conversations. They often elaborated on their diary answers, technical
dysfunction of the eCoach-Pain, or they explained why they were not able to fill in the
diaries.

The six PHCPs together logged in on average 6 times (IQR = 16.75), the GPs on average
16 times (IQR = 8), the PTs on average 35.5 times (IQR = 32.5), and the PNMHs on average
2.5 times (IQR = 1.5).

3.3. Experiences of Patients and PHCPs

At the end of September 2020, 16 patients were asked to participate in a telephonic
interview, to which eight agreed. To reach data saturation, five additional patients had to
be asked, of which three agreed to be interviewed in December 2020. This led to 11 patients
participating in the telephonic interviews (mean duration 15 min). The participants had a
median age of 60.0 (IQR = 2) years, 73% was female (8 out of 11), and they were active in
the eCoach-Pain for 100.5 (IQR = 31.75) days.

Two GPs (one male and one female), two PTs (one male and one female), and one
PNMH (one female) participated in a focus group. In addition, one other PNMH (one
female) participated in an individual telephonic interview, as she was not able to participate
in the focus group.

3.3.1. Overall Opinion and Usage

Patients stated that they were positive about the eCoach-Pain because the functionality
worked well for their treatment, it was easy to use, and text was written in clear and
understandable language. The content was perceived as informative concerning their
pain complaints and knowledge about pain pathophysiology. The interaction between
patient and PHCP in the diaries and the quiz questions in the educational sessions of the
eCoach-Pain were experienced of added value. Some patients appreciated the reminders
for diaries and educational sessions as it gave them structure and control. However, for
other patients, these automatic reminders were perceived as somewhat stressful.

Before patients (n = 6) started using the eCoach-Pain, they expected the content would
be more tailored to their own medical complaints and history. Furthermore, patients
expected that the eCoach-Pain would motivate them for treatment compliance to improve
their complaints. Although PHCPs are able to change diary frequency, six patients expected
less frequent diaries and repetition of information. Besides, some patients indicated that
they had preferred to receive more information (by their PHCP or a pamphlet) about the
content, frequency of questions, and expected duration of the eCoach-Pain program when
they started to use it. Some patients expected more feedback from the eCoach-Pain itself
about their answers or an automatic end-session in the eCoach-Pain to close it. Seven
patients found it frustrating that, in their opinion, “non-relevant” questions kept returning.
The option to indicate a holiday leave and stop sending reminders during this leave was
felt to be missing.

104



Int. J. Environ. Res. Public Health 2021, 18, 11661

R16: “Basically, I think it is a good app. However, the questions appear too frequent, too
standard.”

Among the PHCPs, the eCoach-Pain was most often used by the PTs. One PT used it
to structure the content of the treatment sessions and to deliver additional information to
the patient.

PT2: “I like the idea that every week new educational sessions about pain are open for the
patient. And, that I can see what the patient answered, which information they have read,
and that I can use that during the treatment session. This causes more structure in my
treatments.”

Another PT used it for educational purposes for the patient, as well, but did not use
the results to guide or adjust treatment as the other PT did. In this feasibility study, the
PNMHs hardly used the eCoach-Pain because it was not clear for them how to integrate it
in their treatment. PNMHs perceived the eCoach-Pain options offered as specifically PTs
treatment options. PTs registered most patients by themselves, which gave them control
over the number of patients in the eCoach-Pain. Furthermore, controlling this registration
facilitated the ability to inform patients before the start. In addition, the GPs used the
eCoach-Pain to score the pain complexity assessment and to support the referral of the
patient to the PT. They did not use it to offer treatment purposes or pain education to the
patient. The patients that entered the study by a GP most often used the self-registration
webpage. GPs indicated that this route was timesaving for them. GPs mentioned that the
eCoach-Pain provided them an extra treatment option above the current treatment when
they referred a patient to the PT.

GP2: “The eCoach-Pain is an extra treatment option above the existing options. As a GP,
it is important to know the content of the treatment options when referring to a PT, and
it is great that we can offer something extra.”

3.3.2. Pain Complexity Tool and Diaries

Patients indicated difficulties in distinguishing the pain complexity tool from the
diaries, as the tool and the diaries both were presented as a questionnaire in the eCoach-
Pain. Therefore, in this paragraph, the tool and diaries are presented together. Eight of
the 11 patients perceived the usability of the pain complexity tool and diaries as good.
They indicated that the pain complexity tool and diaries were easy to use, not too time-
consuming, easy to understand, and that the reminders by email were of added value.
In addition, patients perceived the content as easy to keep track of their pain complaints
and the amount of questions as good. However, most patients (n = 8) indicated that the
repetition and frequency of the questions were too high. They also missed background
information of the questions in the introduction of the eCoach-Pain.

R02: “I thought that I had to fill in some questions a few times. However, the questions
came every day or week for two or three months. And this was not explained to me
beforehand.”

Overall, most patients indicated that they perceived the questions in the pain com-
plexity tool and diaries as less applicable in their situation. As several patients had
co-morbidities besides CMP, it was difficult for them to know how to interpret the ques-
tions. For some questions, it was unclear for them whether the answers should be given
with the perspective of having CMP, or from the perspective as a person having pain and
other co-morbidities. For example, it was not always possible to indicate exactly their own
pain complaints or to adjust answers to questions properly when their situation changed.
Sometimes, the eCoach-Pain gave more insight into patients’ complexity and impact of
their own complaints, which was perceived as heavy to encounter for some patients. Pa-
tients without difficulties in daily social participation or psychosomatic problems perceived
answer options as less applicable in their specific situation. However, they understood that
general questions were formulated for all different kinds of CMP.
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The pain complexity tool was the most important tool for GPs in the eCoach-Pain. GP1
indicated that he used it to objectify referral and to get more insight into the complexity
of the pain problem. However, GP1 indicated that the digital version directed the referral
more than the paper-version. The eCoach-Pain automatically calculates the score and
assigns the best-fitting referral option, while, with the paper-version, this can easily be
overruled when necessary, according to the opinion of the GP.

GP1: “When using the paper-version, you have more freedom in the choice of the
treatment. As you can overrule the score of the patient easier. In the eCoach-Pain, the
treatment options are more limited based on the answers of the patients. Which is a
strength of the eCoach-Pain.”

The two PTs used the pain complexity tools in combination with the diaries. For GP1,
the graphical display of the results was especially of added value as it gave insight into the
effect of the treatment. As improvement, all PHCPs indicated that the graphical displays
of the diaries could be upgraded, as it was not always immediately clear for them if the
patient’s score was positive or negative.

3.3.3. Educational Sessions

The educational sessions were perceived as interesting with clarifying quiz questions
and links to YouTube videos. The sessions about ‘What is pain’ and ‘Pain and being active’
were perceived as the most useful sessions. The sessions about work and work disability
were not appropriate for every patient as some were retired or did not have a job. Two
patients indicated that they desired more subjects and educational sessions, for example,
about general health.

R10: “It was a revelation for me, because through the information in the educational
sessions, in addition with information on the same topic given by my PHCP, I understand
how my brain controls the pain”.

The usability and comprehensibility of the educational sessions were perceived as
good as the language used was easy to understand. However, three patients found the
language level even too easy and the repetition of subjects in the text as too much. One
patient indicated that it was more useful for her when the sessions were not divided over
several days, but that all sessions can be followed at once.

Overall, five of the eleven patients indicated that they did not receive new information
in the educational sessions in comparison with what they already knew about pain (out
of earlier treatments). Some other patients indicated that they perceived recognition and
acceptance of their CMP during the sessions due to explanations about the pathophysiology
of pain. One patient indicated the sessions as confronting as she/he recognized her/himself
for the first time as a patient with chronic pain.

R13: “I have read all sessions and the total overview was good for me. But at the same
time it was also confronting, maybe that was good, as well.”

The educational sessions were most often used by the PTs, and sometimes by the
PNMH. PT1 used it to guide the content of his treatment, and PT2 and both PNMHs used it
as additional education material for the patient. They indicated that patients were satisfied
with the content of the educational sessions and that it gave them more insight into their
pain problem. However, they perceived the educational sessions as less applicable for
patients with a lower IQ-score or restricted literacy.

3.3.4. Chat Function and Communication with PHCP

Two patients used the chat function, while nine patients indicated they did not. Those
two patients were positive about its usability.

Four patients indicated that they had contact with their PT about the diaries and
educational sessions they performed in the eCoach-Pain and rated these of added value.
For at least one patient, the physiotherapy treatment was adjusted based on the results
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in the eCoach-Pain. Moreover, some patients discussed the diary questions about their
psychosocial status. Furthermore, patients indicated that the pain education received
by their PT fitted well with the information in the educational sessions. The eCoach-
Pain resulted in a better patient-PT treatment relationship. Three patients had questions
about the eCoach-Pain and needed extra support from their PHCP, for example, about
the content of the eCoach-Pain, when to finish using the eCoach-Pain, or extra practical
tips regarding their pain complaints. Moreover, some patients mentioned that they had
discussed technical issues with their PHCP, such as logging in, bugs in the sessions, or
difficulties with data exchange between the PHCP and patient.

The other seven patients mentioned no contact with their PHCP about their activities
in the eCoach-Pain. Reasons for this ranged from patients’ holidays and sick leave periods,
technical issues which limited eCoach-Pain-use, or the fact that the patient had not filled in
the pain complexity tools and diaries before the next contact with the PHCP could take
place.

Patients did not bother with the fact that their PHCP was able to track their activity
in the eCoach-Pain, while some of them did not know this option before the interview.
Two patients mentioned that they felt no need to discuss their activity in the eCoach-Pain
with their PHCP. Most patients indicated that the possibility to discuss their activity online
with the eCoach-Pain was of added value, especially in the situation of COVID-19 they
were in during the pilot period, as live contact with PHCPs was only limited to emergency
consultations.

PHCPs indicated that they did not use the chat function of the eCoach-Pain often as
they preferred other ways to communicate with the patient, such as email, chat functions of
other applications, or a real-life contact. Furthermore, the fact that they had to log in again
to answer these messages was another reason not to use the chat function. GPs mentioned
that they did not always communicate with the patient about the results of the eCoach-Pain
themselves, but, instead, they asked the PT or PNMH to respond to the patient.

GP1: “Because of our work-flow, it is the easiest way that the PT communicates with the
patient and has a prominent role in the follow-up.”

They checked if a patient scored a red flag, and only then did they contact the patient
or the PT. PT1 discussed the results during nearly each treatment session, while PT2 and
the PNMH used a less frequent basis or when the patient had questions about it.

3.3.5. Technical Issues

Six patients did not report any technical issues using the eCoach-Pain. Others men-
tioned problems in finding how to use all functions of the eCoach-Pain, bugs in sessions,
or difficulties connecting their eCoach-Pain to the PHCP’s profile. Two patients perceived
difficulties with logging in into the eCoach-Pain because they had to renew their password
more than once or had to log in several times in a row. Two patients had help from family
or friends with logging in, use of a computer, or receiving reminders. There were no
problems mentioned with the instruction manual, and nobody contacted the Helpdesk
of the software developer during the pilot period. Four patients registered themselves
with the self-subscription option via a website without any problems. The others were
registered by their PHCP; in one case, the connection between the application of the patient
and the application of the PHCP failed.

Overall, PHCPs indicated that the eCoach-Pain is easy to use. However, all PHCPs
reported having difficulties with the two-way factor identification for logging-in, which is
obligated by the General Data Protection Regulation (GDPR). They perceived a delay in
receiving the codes by email or the email is marked as spam. The fact that there is an extra
step for logging-in hindered them in using the eCoach-Pain more often. They also indicated
that it is difficult for them to combine the eCoach-Pain with other existing applications in
daily practice, as each application has its own login system, function, and layout.
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3.3.6. Future Usage and Recommendations of the eCoach-Pain

Most patients were satisfied with the eCoach-Pain. Some patients indicated that
the eCoach-Pain supports to increase insight in how pain impacts daily activities and
participation and that it answers questions about their pain complaints. Moreover, they
recommend it for the use of the chat function with their PHCP. Some patients would
recommend the eCoach-Pain because they were satisfied with it themselves. Most of them
would recommend it to patients with other complaints than their own, as they indicated
that the content did not fit perfectly based on their own situation. They would especially
recommend it to patients who are recently diagnosed, have problems in daily activities
and participation, are low literate, or who want to use an eCoach-Pain frequently.

R16: “I would recommend it to people who get acquainted with pain complaints, or who
have not so much knowledge yet, for them it is useful to get to know more about pain.
But for people who have complaints for years, like me, I would not recommend it.”

They would not recommend it to patients with pain complaints for years, elderly
who are not familiar with eHealth, or patients who do not want to use the eCoach-Pain
frequently. However, some patients who are recently diagnosed would recommend it for
patients with chronic complaints.

Most PHCPs indicated that they will keep on using the eCoach-Pain in the future as
they find it important to offer the patient something extra besides usual care. However, due
to time constraints in daily practice, GPs hope that PNMHs can get a more prominent role
in the follow-up of patients and contact other PHCPs about the results in the eCoach-Pain.
In this case, the PNMH has to contact the GP when expertise or referral of the patient is
needed.

GP1: “Because of the high work-load in primary care, it would be of added value when
someone as a PNMH can get a more prominent role in follow-up of patients. They will
also be able to keep track of the eCoach-Pain activities. We as GPs have not enough time
to do this properly.”

PTs think they will keep on using the eCoach-Pain in the same way as they did during
the feasibility study. However, all PHCPs indicated that the costs of the eCoach-Pain
concerning their patient volume are important indicators for future usage. During this
feasibility study, these costs were covered by the project budget of NPRL.

4. Discussion

The current study provides insight into the feasibility of an eCoach-Pain for patients
with CMP or a high risk of becoming chronic, and for PHCPs in interdisciplinary primary
care. In general, patients and PHCPs had positive experiences using the eCoach Pain. The
answers to questions/statements about learnability, usability, desirability, and adherence to
the application confirm that the eCoach Pain has sufficient quality for further use. However,
some further adjustments for successful implementation and use are needed.

Some patients mentioned that the content of the eCoach-Pain does not fit with their sit-
uation, such as multi-morbidities and previous experiences with treatment. An explanation
why patients do not find the eCoach-Pain suitable could be that patients with CMP often
experience multi-morbidities, such as depression, anxiety disorders, obesity, hypertension,
and diabetes [39–42]. It has been shown that these patients with multi-morbidities need
a personalized treatment [43,44]. The eCoach-Pain has not enough attention for these
multi-morbidities. Some patients mentioned that the eCoach-Pain was more suitable for
patients with other complaints than they had. Remarkably, the patients with severe com-
plaints for several years mentioned that the eCoach-Pain was better suitable for patients in
a subacute phase or those recently diagnosed. Patients with complaints for several years
indicated that the information about CMP in the eCoach-Pain was not new and perceived
the education sessions as too basic for them. They indicated that the pain education was
given in earlier treatments. However, patients with subacute complaints mentioned that the
eCoach-Pain is better suited to patients with a clear diagnosis or, in contrast to the comment
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of patient with long-term complaints, patients with a longer duration of complaints. A
possible explanation for this finding could be that subacute patients are still searching for
an explanation and solution for their complaints and are, therefore, more biomedically
oriented and not yet focused on a biopsychosocial treatment. [45]. As accepting of CMP is
an ongoing process, it could be that the patients with subacute musculoskeletal pain do not
see themselves as patients with CMP [46]. Therefore, further research is needed to discover
for which patients group(s) the eCoach-Pain can be used in primary care and, accordingly,
how the eCoach-Pain can be aligned for personalized treatment.

The eCoach-Pain is well integrated into the treatment of the PTs. All PHCPs perceived
advantages of the use of the eCoach-Pain during physiotherapy treatment. Patients indi-
cated that eCoach-Pain connects to the treatment of the PT. Positive thoughts about blended
rehabilitation care for other diseases are also seen in several other studies [47,48]. The inte-
gration of an eCoach as blended physiotherapy care for patients with temporomandibular
disorders lead to an increase in self-efficacy, support of data collection and personalization
of the application in the Netherlands [47]. The review of Orlando et al. (2019) showed an
overall positive impact on patient and caregivers’ satisfaction and it appears to enhance
communication and engagement between healthcare professionals for different kinds of
telehealth in rural settings [48]. However, questions about the integration of an eCoach in
the treatment, such as duration of the treatment, fit in each consultation, and the frequency
of the consultations remain [49]. Tilburg et al. recommend to integrate an eCoach into the
total treatment and not to implement it as a separate component to the treatment. Further
research needs to design and evaluate the integration of the eCoach-Pain into the treatment
to deliver blended care.

eCoaches can stimulate and influence interdisciplinary collaboration in primary
care [50]. Based on the findings that PHCPs indicated suboptimal collaboration dur-
ing treatment, it can be concluded that interdisciplinary collaboration between the PHCPs
was a point of attention. Accordingly, it seems that the eCoach-Pain did not contribute to
interdisciplinary care. GPs indicated that they preferred to refer the patient automatically
to a PT as they had not enough time to contact patients and discuss the treatment plan with
the PTs, as purposed in interdisciplinary care. The preference of GPs, due to their lack of
time, for treatment of these patients by a PT is in line with another study with eCoaches in
primary care in the Netherlands [51]. In this study, the PHCPs perceived advantages of
the eCoach-Pain in referring a patient to a PT or adding an extra role of a case-manager
(for instance, a PNMH or specialized nurses for mental health) in the future. Previous
successful implemented eCoaches used a case-manager as first contact for patients [32,34].
In addition, the Standard of Care for Chronic Pain in the Netherlands advices the use
of a case-manager for patients with CMP in primary care [14]. However, the eCoaches
in these earlier studies were all implemented in secondary care. Therefore, the role for
case-manager in primary care needs to be optimized before implementation. Currently,
there is no regular financing of a case-manager for patients with CMP in primary care
in the Netherlands yet. However, it is crucial to have a case-manager when focusing on
integrated and interdisciplinary primary care to stimulate a common vision and treatment
plan [19].

Some patients mentioned technical problems that limited the use of diaries or educa-
tion sessions, even though they received a reminder. Although the developers could not
find an explanation for this, it could have influenced the adherence rates for the diaries
and education sessions. Other patients indicated that they received too many reminders
for diaries. Therefore, in future use of the eCoach-Pain, attention must be given to the
communication between the PHCPs and patients. The PHCPs must discuss in advance the
number of diaries and reminders offered, based on the preferences of the patients. Research
has shown that shared-decision making for chronic illness with treatments containing more
than one session leads to treatment agreement [52]. Therefore, shared-decision making
in eCoach-Pain adjustments could lead to increased treatment adherence. Connection to
the electronic patient file is another technical problem mentioned. PHCPs, and especially
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GPs, experienced barriers in the use of the eCoach-Pain in daily practice which was not
connected with their electronic patient file. This caused double registration steps, which
was a reason to restrict use of the eCoach-Pain. Therefore, it would be favored to find
a possibility to integrate the eCoach-Pain in the electronic patient file (Dutch: Huisarts
Informatie Systeem) to avoid extra registration steps [53].

A major strength of this study is the use of qualitative and quantitative data (mixed-
methods) alongside objective data on use of the eCoach-Pain from both patients’ and
PHCPs’ perspectives. These data gave a broad overview of the usability of the eCoach-
Pain, as well as the experiences. Moreover, the content of the eCoach-Pain was developed
together with the PHCPs before the start of the study with a user-centered design [28]. Hig-
gins et al. (2018) recommend user-centered designs and implementation science methods
to improve the availability of eHealth tools. [54]. However, the GPs and PNMH rarely used
the eCoach-Pain despite their influence in the development process. Reasons for this are
the login-facility and lack of time during and after consultations, which are also seen as
barriers in the study of Daniëls et al. (2019) in primary care [51].

Some limitations of this study need to be acknowledged. First, the small sample of
patients that were available for this study and the limited use of the eCoach-Pain could
have introduced selection bias. It could be that patients with, for example, low literacy
or co-morbidities, were not asked for participation by the PHCPs with a risk for selection
bias. However, despite the small sample, patients differed in demographic characteristics,
resulting in sufficient confidence to have studied a representative group of users. Second,
not all patients performed all measurements, so the completeness of available data per
measurement differed. Six patients did not respond on the evaluation questionnaires,
and, for three patients export data of eCoach-Pain-use is missing. This could have led to
information bias which could have influenced the data. Third, the sample of primary care
practices and PHCPs was small, which could have influenced the results. As for primary
care practice 1, all patients are subscribed by a GP or PNMH, and, for primary care practice
2, the PT also subscribed patients, besides the GP and PNMH. Most patients were recruited
by primary care practice 2 (n = 21), and most of the patients participating in the interviews
were also recruited by this practice (9 out of 11). Therefore, limited results were available
about the recruitment of GPs in the interviews.

5. Conclusions

In conclusion, the eCoach-Pain seems to be promising in primary care: the patients,
as well as the PHCPs, experienced advantages for treatment of patients with CMP. How-
ever, adjustments to the content have to be made for better fit with patient-specific CMP
complaints. Moreover, the implementation strategy seems to be an important factor for
successful use among PHCPs. This should be improved for successful use in interdisci-
plinary primary care settings. The involvement of a case-manager for CMP should be
further explored when implementing the eCoach-Pain. Thereby, it is important to use user-
centered designs and implementation science methods to evaluate adjustments resulting in
a successful implementation.
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Abstract: Background: Rising healthcare expenditures have been partially attributed to suboptimal
management of inflammatory bowel diseases (IBD). Electronic health interventions may help improve
care management for IBD patients, but there is a need to better understand patient perspectives
on these emerging technologies. Aims: The primary aim was to evaluate patient satisfaction and
experience with the UCLA eIBD mobile application, an integrative care management platform with
disease activity monitoring tools and educational modules. The secondary objective was to capture
patient feedback on how to improve the mobile application. Methods: We surveyed IBD patients
treated at the UCLA Center for Inflammatory Bowel Diseases. The patient experience survey assessed
the patients’ overall satisfaction with the application, perception of health outcomes after participation
in the program, and feedback on educational modules as well as areas for application improvement.
Results: 50 patients were included. The responses indicated that the patients were greatly satisfied
with the ease of patient–provider communication within the application and appointment scheduling
features (68%). A majority of respondents (54%) also reported that program participation resulted
in improved perception of disease control and quality of life. Lastly, a majority of participants
(79%) would recommend this application to others. Conclusions: Mobile tools such as UCLA eIBD
have promising implications for integration into patients’ daily lives. This patient satisfaction study
suggests the feasibility of using this mobile application by patients and providers. We further showed
that UCLA eIBD and its holistic approach led to improved patient experience and satisfaction, which
can provide useful recommendations for future electronic health solutions.

Keywords: electronic health; mobile health; mobile applications; chronic disease management;
patient experience; inflammatory bowel disease

1. Introduction

Value-based healthcare (VBHC) can be described as the systematic pursuit of the triple
aim in healthcare: to improve the individual’s experience, improve health outcomes, and
reduce costs [1]. The concept of VBHC is particularly ready for application to long-term
management of chronic illnesses since rising healthcare expenditures have been partially
attributed to suboptimal management of chronic illnesses, including IBD [2]. The estimated
annual disease-attributable cost of IBD is $6.3 billion [3]. Hospitalizations represented over
a third of costs, outpatient services—one third. Reducing hospitalization and readmission
rates, therefore, continues to be a challenge in chronic disease management. There is
clearly an opportunity to reduce costs by increasing the efficiency of outpatient care and
preventing hospitalizations.

Electronic health (e-health) interventions are one solution for more effective IBD
care management beyond the clinical setting, both in terms of patient outcomes and cost
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reduction. Smartphone applications are widely available for consumers, and the large
population of smartphone users make applications useful tools to manage chronic illnesses
like IBD [4]. In fact, smartphone devices with mobile applications and short message
reminders have been used effectively by patients with IBD of mild or moderate severity [5].

Furthermore, mobile health technologies have been shown to improve patient out-
comes and quality of life [6]. Patient satisfaction with mobile technologies has been
observed for many chronic diseases, including asthma [7], HIV [8], diabetes [9], atrial fibril-
lation [10], and IBD [11]. IBD patients generally have positive views on mobile applications,
but there are desirable improvements. A study of Con et al. [11] surveying 86 IBD patients
found that 98.8% of the participants were willing to use communication technologies for
IBD management, with mobile applications being one of the top two preferred forms. These
previous IBD mobile technologies were often created to assess a major single aspect such as
quality of life [5], education curriculum [12], or diets [13]. Additional features that patients
seek in their chronic disease management applications include easy user interface [14],
tracking of disease symptoms [11], and easy access to medical data and services [11].

A systematic assessment of 26 IBD mobile applications found that applications of-
fered a variety of features including diary functionality, pain tracking, bowel movement
tracking, and reminders, with application’s content playing a major role in driving patient
behavior change [4]. The MyIBD Coach telemedicine tool, which monitors adherence,
disease activity, quality of life, and mental health among other measures through validated
questionnaires, was shown to be successful, with high rates of patient satisfaction and com-
pliance [15]. It involves collaboration among healthcare providers but is not synchronized
with electronic medical records and lacks educational application features on alternative
medicine, behavioral health, and physical activity.

To enhance VBHC in IBD, we developed UCLA eIBD to integrate various successful
features of previous applications (e.g., appointment reminders, medication trackers) in
addition to a healthcare provider portal. UCLA eIBD seeks to provide patients more
agency in managing their IBD by increasing their access to healthcare professionals and
providing self-help educational modules. Access to care providers through a messaging
application provides patients with fast feedback on their conditions and streamlines patient
care [16]. The application also contains disease activity, quality of life, and work productiv-
ity surveys that facilitate interactions between patients and providers. These tools allow
healthcare providers to monitor patients’ disease activity and give direct feedback. This
comprehensive application therefore seeks to enhance patient outcomes by including direct
connections to the healthcare team and extensive module options.

We previously conducted a pilot study of UCLA eIBD, which found significantly fewer
endoscopies and decreases in healthcare utilization, long-term steroid use and IBD-related
costs [17]. While it is important to evaluate the efficacy and outcomes of IBD management
platforms, it is just as crucial to understand patients’ satisfaction with these platforms to
inform their feasibility. Gathering user feedback is necessary to develop the next gener-
ation of applications, improve product design, and reduce the gap between application
developers and consumers [18–20]. This study therefore aims to provide an evaluation of
perceived patient satisfaction and experience with the UCLA eIBD mobile application.

2. Materials and Methods

2.1. Objectives

The primary objective was to measure patient satisfaction and experience with the
UCLA eIBD mobile application for care management. The secondary objective was to
capture patient feedback on how to improve the mobile application.

2.2. Design and Population

We surveyed IBD patients treated at the UCLA Center for Inflammatory Bowel Dis-
eases from October 2017 to October 2018. Included patients were at least 18 years old;
diagnosed with Crohn’s disease (CD) or ulcerative colitis (UC) either by means of en-
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doscopy, imaging, or pathology; and had objectively logged into the application in the past
year (assessed on the platform). Patients with intestinal cancer, active chemotherapy, or a
known intestinal infection were excluded.

All the eligible patients who had logged into the application in the past year were
emailed and asked to complete a patient experience survey. Those who did not complete
the survey in response to the initial email were followed up and interviewed via phone.
No sample size estimation was performed.

2.3. Description of UCLA eIBD

UCLA eIBD is a mobile application that administers a clinic-centered, care manage-
ment program to its users (Figure 1). It was designed to be a comprehensive tool for
patients’ long-term disease management in the IBD outpatient setting. The features of
this application include disease activity monitoring, messaging, educational modules,
lifestyle modules, and electronic cognitive behavioral therapy (eCBT). The platform is also
integrated with UCLA Health’s electronic medical records, allowing patients to view their
testing and laboratory results within the application.

Figure 1. The UCLA eIBD mobile application is an integrative care management platform for patients and providers.

For disease activity monitoring, a previously validated tool called the Mobile Health
Index was integrated to assess the patients’ disease activity, quality of life, and work
productivity [21]. If the surveys indicated poor disease control or a significant change from
prior surveys, a message was automatically generated through the application to clinic

117



Int. J. Environ. Res. Public Health 2021, 18, 11747

staff. The enrolled patients could also elect to take these surveys in their own time if they
felt they were experiencing a sudden change in their health.

Lastly, the application provided education through several optional interactive mod-
ules designed to promote healthy lifestyle habits, including nutrition (My Menu), exercise
(My Yoga, My Fitness), relaxation (My Acupressure, My Meditation), and mental health
(My Coach). My Menu teaches patients about specific foods to eat and avoid and includes
recipes (breakfast, snack, lunch and dinner) designed for IBD patients. My Yoga pro-
vides a 6-week program promoting relaxation and flexibility for users. My Acupressure
teaches patients about different pressure points for alleviating IBD pain via instructional
videos and pictures. My Meditation is a self-guided mindfulness therapy tool that aims
to reduce stress-related health issues. My Coach is a personalized mental life coaching
program (6-week mental support program) aimed at improving mental well-being and
stress management through a cognitive behavioral therapy method.

2.4. Data Collection and Outcomes

Patient demographic data were acquired via chart review. The data from the patient
experience survey were collected via REDCap [22]. The patient experience survey (Table 1)
consisted of 24 items aimed at assessing the patients’ overall satisfaction with the applica-
tion and their perception of health outcomes after participation in the program. Responses
were provided either via a Likert scale or open text. Questionnaire items addressing the
application’s features and interface requested feedback on the ease of application use,
ability to communicate with staff, and informativeness of modules. Questionnaire items
pertaining to the patient’s outcomes asked the patients how effective they felt the appli-
cation was at improving disease control, work productivity, and quality of life. Lastly,
the patients could provide optional open-ended feedback via free text input on ways to
improve the application.

Table 1. Patient experience survey.

No. Question n = 50

1 How easy was it to communicate with program
staff overall?

26 (52%)—very easy
8 (16%)—somewhat easy

13 (26%)—neutral
3 (6%)—somewhat difficult

2 How easy was it to schedule appointments?

26 (52%)—very easy
8 (16%)—somewhat easy

13 (26%)—neutral
3 (6%)—somewhat difficult

3 How satisfied were you with program staff’s response
rate to messages and questions?

22 (44%)—very satisfied
18 (36%)—satisfied

3 (6%)—somewhat dissatisfied
7 (14%)—neutral

4 How did participating in the program affect your
disease control?

15 (30%)—significant improvement
12 (24%)—some improvement

21 (42%)—no change
2 (4%)—somewhat worse

5 How participating in the program affect your quality
of life?

13 (26%)—significant improvement
15 (30%)—some improvement

20 (40%)—no change
2 (4%)—somewhat worse

6 How did participating in the program affect your
work productivity?

11 (22%)—significant improvement
14 (28%)—some improvement

24 (48%)—no change
1 (2%)—somewhat worse

7 Did you participate in the cognitive behavioral
therapy modules?

6 (12%)—yes
44 (88%)—no
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Table 1. Cont.

No. Question n = 50

8 How did participating in the program affect your
mental health?

8 (16%)—significant improvement
6 (12%)—some improvement

25 (50%)—no change
1 (2%)—somewhat worse

10 (20%)—unknown

9 Were your clinic visits scheduled too often, just right
or not often enough?

44 (88%)—just right
6 (2%)—not often enough

10 Did you feel you were having lab tests done too often,
just right or not often enough?

44 (88%)—just right
1 (2%)—not often enough

5 (10%)—too often

11 Did you feel you had to fill out surveys too often, just
right or not often enough?

39 (78%)—just right
4 (8%)—not often enough

7 (14%)—too often

12
How accurately do you feel the survey results
reflected your opinion of your disease activity

and well-being?

17 (34%)—very accurately
20 (40%)—somewhat accurately

11 (22%)—neutral
2 (4%)—somewhat inaccurate

13 How easy was it to navigate the mobile application?

18 (36%)—very easy
19 (38%)—somewhat easy

6 (12%)—neutral
4 (8%)—somewhat difficult

3 (6%)—very difficult

14 Did you find the graphics and overall ‘look’ of the
application appealing?

40 (81.63%)—yes
9 (18.37%)—no

15 Overall, how informative was the application,
particularly My Academy?

12 (24%)—very informative
11 (22%)—somewhat informative

24 (48%)—neutral
3 (6%)—not informative

16 Which of the following modules did you complete?
(choice = My Fitness) 17/50 (34%)

17 Which of the following modules did you complete?
(choice = My Meditation) 13/50 (26%)

18 Which of the following modules did you complete?
(choice = My Menu) 17/50 (34%)

19 Which of the following modules did you complete?
(choice = My Yoga) 10/50 (20%)

20 Which of the following modules did you complete?
(choice = My Accupressure) 5/50 (10%)

21 Is there a topic you would like to see added to My
Academy or My Wellness? If so, what topic? Displayed in Table 4.

22 Did you need to access technical support at any time
during this study?

7 (14%)—yes
43 (86%)—no

23 If so, how many times did you need to access
technical support? *

4 (1 time)
5 (2–5 times)

24 How reliably were you able to reach
technical support? *

3 (27%)—somewhat reliable
7 (64%)—neutral

1 (9%)—very unreliable

* Optional question.

3. Results

3.1. Patient Demographics

In total, 151 patients had been active on the mobile application in the past year, of
whom 50 patients responded and completed the survey and thus were included in this
study. Regarding the type of IBD, 44% were diagnosed with CD (n = 22), 56%—with UC
(n = 28). Our inclusion cohort had a mean age of 43 years (SD, 14 years) and an average
BMI of 25.3 (SD, 6.6). Of the patients, 44% were female, and the majority were White (42%)
and non-Hispanic (90%) (Table 2). Most of the patients were non-smokers (78%), and 28%
of the patients reported alcohol use. The patients stated use of the following medications:
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anti-TNF (34%), ASA (16%), combination therapy (32%), IMM (10%), and steroids (6%).
Previous abdominal surgeries were reported in 36% of the participants.

Table 2. Patient demographics.

Variable All (n = 50)

Gender 22 (44%)—female

Disease Type
22 (44%)—Crohn’s disease
28 (56)—ulcerative colitis

Race

21 (42%)—White
4 (8%)—Black
3 (6%)—Asian

1 (2%)—Armenian
21 (42%)—unknown

Ethnicity
4 (8%)—Hispanic

45 (90%)—non-Hispanic
1 (2%)—unknown

Current smoker
3 (6%)—current smoker
8 (16%)—former smoker
39 (78%)—never smoker

Age (mean SD) 42.58 (SD, 13.6)

Alcohol use
14 (28%)—yes
36 (42%)—no

BMI (mean SD) 25.3 (SD, 6.6)
Disease duration (mean SD) 14.6 (SD, 11.2)

Disease activity

29 (58%)—clinical remission
11 (22%)—mild disease activity

6 (12%)—moderate disease activity
3 (6%)—severe disease activity

1 (2%)—unknown
Medications
- Anti-TNF

- ASA
- Combination of any medications

- IMM
- Steroids

- No Meds

17 (34%)—anti-TNF
8 (16%)—ASA

16 (32%)—combo
5 (10%)—IMM

3 (6%)—steroids
1 (2%)—no meds

Abdominal surgeries (%) 18 (36%)

3.2. Patient Satisfaction

Fifty participants out of the 151 users responded and completed the patient experience
survey to provide feedback on the mobile application (Table 1). Responses to the Likert
scale questions indicated that the patients were overall satisfied with the patient–provider
communication interface of the application. When asked how easy it was to communicate
with the program’s staff overall, 52% of the participants responded with “very easy” and
16% responded with “somewhat easy”. A majority of the participants also found it easy
to schedule appointments through the application, with 52% and 16% responding with
“very easy” and “somewhat easy”, respectively. In addition, a large majority (88%) of the
participants reported that the frequency of completing laboratory tests and surveys and
scheduling clinic visits was “just right” (Table 1). Regarding the ease of application use,
74% of the participants indicated the application was either “very easy” or “somewhat
easy” to navigate.

Additionally, a majority of the participants reported an improved perception of disease
control and QoL; 54% of the participants indicated significant or some improvement in
their disease control. When asked how program participation affected QoL, 26% indicated
significant improvement, 30%—some improvement. Regarding work productivity, 44%
indicated significant or some improvement.

When the participants were asked whether they would recommend this application
to their friends, family, or other patients on a ten-point scale, with 10 being most likely,
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the median score was 8, and 79% indicated a score greater than 5. When asked about
how informative the application was, 46% of the patients felt that the application was
“somewhat” or “very” informative.

3.3. Patient Usage of Educational Modules

A majority of the patients completed modules as part of their participation in the
program. The most used modules were My Fitness and My Menu (Table 1). Among the
patients who participated in the CBT modules (12%), 28% indicated significant or some
improvement in their mental health.

When asked about what they liked and disliked about the modules, the patients
identified positive aspects to be the modules’ informative content, ease of use, and support
of overall well-being (Table 3). For example, one patient said, “They’re easy and I feel great
afterwards.” Another patient expressed liking the modules because they “encourage me to
take care of my whole self instead of the focus just being on taking my meds”.

Table 3. The patients’ optional feedback on the modules (n = 50). The patients provided open-ended feedback about
the educational modules. Their responses were grouped into categories based on the common themes identified across
the responses.

What the Patients Liked about the Modules Count Examples of Patient Feedback

Informative content 7 “Modules contained useful information.”
“My Meditation provided helpful tips.”

Ease of use 3 “Very user friendly.”

Ease of communication with the provider 1
“Liked the VQ visual display. The app gave me comfort
because it gave me access to the doctors especially when

you have this disease.”

Supports overall well-being 2
“I like that the modules encourage me to take care of my
whole self instead of the focus just being on taking my

meds.”

Reminders to complete the modules 1 “I like to get reminded to complete the modules, they’re
easy and I feel great afterwards.”

The yoga module was simple and effective 1 “I liked the yoga app because it was simple and
effective...”

Total 15
What the patients disliked about the modules Count Examples of patient feedback

Not informative 1 “Modules need to contain information that is more
specialized.”

Difficult to use 2 “Hard to navigate.”
Unresponsiveness from the staff 1 “Not responsive from staff.”
Did not know about the modules 2 “I did not know about the modules.”

Takes too long to complete 1 “Liked overall content and goal that IBD trying to aim
for. Time issue for completing the module.”

Problem with a specific module (My Yoga, My
Acupuncture, etc.) 1

“Yoga portion could contain an audio aspect... stopping
and reading about doing the yoga was
counter-productive to my relaxation.”

Unsure of the purpose or need for them 4 “Didn’t feel like they applied to me, personally.”
Total 12

The most common reason for not liking the modules was being unsure of the purpose
or need for them (8%), particularly for the modules where patients already had their own
interventions in place. For example, one patient said they “didn’t feel [the modules] applied
to me” while another expressed that they “thought [the module] was good but [I have my]
own routine for working out [with regards to My Fitness]”.

3.4. Patient Feedback

In the patient experience survey, the patients could provide optional suggestions
about additional topics and functionalities they would like the application to cover which
were not presently included (Table 4). One participant, for instance, suggested adding
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a subsection about nutritional advice related to veganism within the My Menu module.
Other recommendations included adding a “symptoms tracker”, allowing patients to indi-
cate what symptoms or lack thereof they were experiencing and generating in-application
reminders for blood draws or laboratory orders. The other patient-recommended cate-
gories to add were the ability to chart laboratory results, side effects of their consequent
medications, and gender-specific health topics (Table 4).

Table 4. The patients’ optional feedback on UCLA eIBD. The patients provided open-text suggestions to improve the
application in general. These suggestions were grouped into categories of comment types, including improvements in
application content such as possible additional topics and features, as well as miscellaneous critiques.

Comment Types Total Count Examples of Patient Feedback (Count)

Suggestions for new application articles and topics 8

A module on acupuncture (1)
A module on veganism (1)

Side effects of medications (1)
Female health topics (1)

Blood draw instructions (1)
Resources for the recommended pathways (e.g., local
places to get nutritional advice, do yoga, fitness) (1)

FAQ for family and friends (1)

Suggestions for new application features and tools 3 Ability to chart laboratory results (1)
Symptoms tracker (2)

Suggestions for better technical aspects of
the application 3

Touch ID for signing in (1)
No automatic logoff (1)
Different languages (1)

Miscellaneous improvement suggestions 4

Staff response rate faster at the beginning of the
program (1)

Poor wording of some in-application questionnaires (2)
- e.g., “I don’t like the wording of the questionnaires. i felt they

lacked nuance. none asked if i felt overwhelmed, anxious, or
preoccupied by disease things. just ‘angry’ or ‘depressed’

which i think are really different experiences.”
- e.g., “Sometimes i feel just saying on a scale from 1 to 10,

how my disease affects my work or social life is too broad
a question.”

Lacks in-depth, longer-term information about IBD (1)
- e.g., “app is good for people new to ibd but doesnt offer as
much for people who have had ibd for a while and want more

in depth information.”

The patients’ feedback regarding general comments about the application is also
shown in Table 4 (miscellaneous improvement suggestions). One patient stated, “I think
this is a great idea and will be very helpful to future patients. I really like being able to
communicate with the office without always having to call.” Most patients who provided
comments also highlighted aspects that could be improved, such as the application’s
interface (e.g., adding a touch ID option to log in; preventing automatic logoff from the
application). Other participants reported critical feedback on the application’s content.
For instance, one patient stated that the application “is good for people new to IBD,
but doesn’t offer as much for people who have had IBD for a while and want more in
depth information”.

3.5. Summary of Principal Findings

The outcomes suggest that the patients strongly favored the ease of patient–provider
communication, with 78% being satisfied. Beneficial outcomes were also seen in patient-
reported measures, with 54% reporting a perceived improvement in disease control and
56% reporting a perceived improvement in QoL, indicating that a majority of patients
felt the platform positively impacted their health. Additionally, the participants rated
this application with a median score out of 10 (10 being most likely) to recommend this
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application to friends, family, or other patients. My Fitness and My Menu were the two
most used optional wellness modules, each reaching the 34% completed status.

4. Discussion

4.1. Strengths and Comparisons

Our study collected feedback on patient experiences with the UCLA eIBD applica-
tion after one year of use. Our results could provide guidance for further application
development and provide critical feedback for other e-health applications like this one.
In fact, mobile tools such as UCLA eIBD have been shown to have promising implica-
tions in improving healthcare delivery and integrating into patients’ daily lives. Earlier
comparison studies of UCLA eIBD found impacts on costs and healthcare utilization and
identified its unique features, such as automated messaging to care coordinators [17,23–25].
To complement the previous outcome studies, this study aimed to understand patients’
satisfaction and feedback to help elucidate gaps in the current e-health technologies and
inform future designs.

For instance, GI Buddy is a mobile application developed by the Crohn’s Colitis Foun-
dation which enables patients to self-monitor their disease and receive reminders about
clinical appointments; however, users cannot directly interact with their providers [26].
Similarly, while the current applications for IBD may be useful for patient monitoring and
self-management, many lack professional medical involvement and adherence to clinical
guidelines [4]. UCLA eIBD addressed this gap by allowing users to make appointments and
message their providers via the platform, in which a majority of users found it “easy” or
“very easy” to communicate with their providers. Another self-management tool, myIBD
Coach, showed feasibility among patients and providers [15]. As many as 79% of UCLA
eIBD users would recommend this application to others (indicated by a score of greater
than 5 on the recommendation score item), compared to the 93% found in the myIBD Coach
feasibility study [15].

The findings of this novel patient satisfaction study demonstrate the feasibility of
UCLA eIBD as a home monitoring tool and some advantages it can provide for both
patients and providers. In addition to the patient–provider communication features, the
platform’s educational modules are more diverse than the previous tools and provide
patients with more alternatives to aid traditional medicine, such as acupuncture, cognitive
behavioral therapy, and meditation. These optional modules may improve IBD patients’
well-being and productivity beyond the scope of their disease. For providers, tracking the
various modules that the patients use can also provide guidance for tailoring treatment
and counseling to the patients’ interests, including nutrition, exercise, and mental health.
Lastly, the holistic nature of the application, including features about alternative medicine
and assessments for work productivity via the Mobile Health Index, can more completely
address the complex, multidimensional factors of chronic disease management.

While the integration of mobile health in IBD management is rapidly expanding, our
study also presents novel data from the patient perspective and emphasizes a patient-
centered approach towards mobile application development. For instance, the patients’
suggestions to improve the application were centered on specific content interests and
the need for additional educational categories (e.g., female health topics), rather than
technical problems or lack of need in an application. The fact that the suggestions were less
focused on design features could be explained by the overall satisfaction rate of 74% of the
participants finding the application easy to navigate. The current and future applications
can thus utilize these methods and/or findings to adapt their platforms to address patients’
specific needs, improve satisfaction with their product, and better engage patients in their
medical care beyond a doctor’s office visit.

4.2. Limitations

Some study limitations should be noted. As the selected patients were individuals who
use smartphones, they may be more adept at the usage of applications. Participants were
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also actively recruited and agreed to participate in this study; thus, a selection bias may have
impacted the study results due to the participants being predisposed to wanting to improve
their health via e-health solutions. We further acknowledge the sample size was small and
relatively homogenous; however, we feel it was adequate for the purpose of directing the
future development of this UCLA application and other healthcare applications.

Additionally, the fact that we invited participants to evaluate the application’s feasibil-
ity rather than making it mandatory during application usage may explain the response
rate of 33%. The response rate should further be considered in the context of challenges
associated with adopting e-health technologies into the healthcare space. The obstacles
to widespread long-term integration of e-health technologies (e.g., loss of interest, data
entry burdens) are still being investigated [27,28]. Despite the growing population of
individuals who use mobile health applications, many stop using them over time [29].
Our findings help provide insight to consumer perspectives on application usability and
possible explanations to circumvent these challenges.

4.3. Future Directions

In an era where the use of mobile technology has become irreplaceable in daily life,
there is undoubted benefit of incorporating e-health applications in the management of
chronic conditions. Studies have shown proven effect of mobile applications, but also
that patients still desire improvements to the existing solutions. We showed that UCLA
eIBD and its holistic approach led to greater patient experience and satisfaction, which
can provide useful recommendations for healthcare providers and application developers.
However, larger and controlled studies are recommended to assess its efficacy at a larger
scale and its impact on costs.
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Abstract: Across the world, informal (unpaid) caregiving has become the predominant model for
community care: in the UK alone, there are an estimated 6.5 million caregivers supporting family
members and friends on a regular basis, saving health and social care services approximately £132
billion per year. Despite our collective reliance on this group (particularly during the COVID-19
pandemic), quality of life for caregivers is often poor and there is an urgent need for disruptive
innovations. The aim of this study was to explore what a future roadmap for innovation could look
like through a multi-stakeholder consultation and evaluation. An online survey was developed and
distributed through convenience sampling, targeting both the informal caregiver and profession-
als/innovators interested in the caregiver demographic. Data were analysed using both quantitative
(summary statistics) and qualitative (inductive thematic analysis) methods in order to develop rec-
ommendations for future multi-stakeholder collaboration and meaningful innovation. The survey
collected 174 responses from 112 informal caregivers and 62 professionals/innovators. Responses
across these stakeholder groups identified that there is currently a missed opportunity to harness
the value of the voice of the caregiver demographic. Although time and accessibility issues are
considerable barriers to engagement with this stakeholder group, respondents were clear that regular
contributions, ideally no more than 20 to 30 min a month could provide a realistic route for input,
particularly through online approaches supported by community-based events. In conclusion, the
landscape of digital health and wellness is becoming ever more sophisticated, where both industrial
and academic innovators could establish new routes to identify, reach, inform, signpost, intervene
and support vital and vulnerable groups such as the caregiver demographic. Here, the findings
from a consultation with caregivers and professionals interested in informal caring are presented to
help design the first stages of a roadmap through identifying priorities and actions that could help
accelerate future research and policy that will lead to meaningful and innovative solutions.

Keywords: caregivers; innovation; research; co-design; interdisciplinary; digital health; participatory
design; collaboration at distance

1. Introduction

Informal (unpaid) carers, also termed “caregivers”, are family members and friends
who support a loved one who needs help due to illness, frailty, disability, mental health
problems or addiction. In the UK, it is estimated that there are at least 6.5 million informal
caregivers, a workforce substantially larger than the National Health Service (NHS) [1] and
the collective saving to the health and social care services is estimated to be £132 billion
per year. This situation is similar across Europe, and beyond, where 80% of all care is
delivered by informal caregivers [2]. As the tide of an ageing global population continues
to advance in tandem with a shrinking health and social care workforce [3], there is a public
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health emergency looming, whereby the pressures on caregivers across the world are set to
significantly escalate.

While the recent events during the COVID-19 pandemic have demonstrated the
societal value of caring, it also highlighted that many will face short, and long-term,
health and wellness consequences. Informal caregivers share many of the same challenges
of a professional workforce, such as NHS employees, but lack much of the associated
infrastructure. For example, there is little to no: support, training, pre-agreed workload
such as hours per week or a working role definition, and caregivers often must balance
caring responsibilities around work, families and their own health and wellness needs.
While some caregivers do enjoy benefits from caring roles, such as a sense of fulfilment from
caring [4], there is now compelling evidence that caregiving adversely impacts on health
and wellness, both in the short and long term [5–7]. Crisis points, such as hospitalizations,
significant worsening of mental and/or physical health and irreversible changes to caring
circumstances are commonplace (even in the absence of COVID-19) and frequently cause
deterioration in health for caregivers, and those being cared for [8,9].

Given the considerable number of unmet needs described above, there have been
many different innovations developed for the caregiver demographic. Although successful
evidence has emerged [10–12], there still remains a striking number of caregivers who
remain “out of reach” [8] through a combination of factors, including (but not limited
to): digital and health literacy levels, socioeconomic status, health, mobility, and level of
dependency required from the person cared for. Thus, there remains a continued need to
consult, innovate and evaluate for, and with, caregivers and to develop research excellence
in this area. Emerging from the evidence in this field, there are several areas of particular
interest, which include: methodologies to improve identification of caregivers (including
in hard to reach groups such as ethnic minorities [13], the development and adaption of
theoretical/conceptual frameworks, techniques for cultural adaptation [14] and addressing
implementation and abandonment issues [15].

Digital health and wellness solutions are a core part of the current drive to deliver
equity in health to all—including informal caregivers. In 2020, for example, the WHO
(World Health Organization) produced a long-term strategy for the use and scale-up of
digital health, highlighting the positive impact digital health can have on the access to, and
provision of healthcare as well as the health and wellbeing of the population [16]. Such
findings are paralleled in recent review work [17]. Much of this work focuses on caregiver
health and wellbeing or signposting to sources of support and are not restricted to one or
two types of technology (e.g., mobile app, internet-based, integrate platforms, sensors) [17].
Despite such progress, the market reality is that most startups fail and many successful
research studies are challenging to implement. Reducing uncertainties and increasing the
availability of market knowledge, such as bettering current understanding of ongoing
caregiver needs, would be considerably advantageous.

Taken collectively, innovation for informal caregivers is sorely needed but the land-
scape still falls short of meeting the everyday needs. Identifying both better ways to
collaborate across all stakeholders and methodologies to rapidly, but robustly, develop
and test innovations could help improve the translational hit rate. Therefore, here we took
a first step to improve engagement with caregivers by undertaking a multi-stakeholder
consultation to design a future roadmap for innovation in caregiver research.

2. Materials and Methods

Initially, this study was due to involve face-to-face interviews and focus groups, however,
due to the COVID-19 pandemic we had to be agile and to achieve our aim of engaging
with as many caregivers and other stakeholders as we could, we changed methodology and
conducted the multi-stakeholder consultation via survey. We developed our own survey
approach as we did not find a suitable existing one. Although the same content of surveys
was delivered to both caregivers and professional groups (e.g., healthcare professionals,
innovators), we tailored wording on occasion to represent each stakeholder group.
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The surveys were iteratively designed to collate participant information regarding:
(i) demographics, (ii) previous research involvement, (iii) feelings towards research and
innovation, (iv) barriers to taking part in research, (v) future participation in research and,
(vi) focus/outcomes of future research. No questions were mandatory and, thus, the total
number of responses for each question varied.

Ethical approval was granted from the Computer and Information Science (CIS)
Department Ethics Committee at the University of Strathclyde, Glasgow. The surveys,
aimed at caregivers and those with a professional role interested in caregivers, were
designed to take no more than 10 min to complete, and to be used across the UK. See
Appendix A for example questions.

Inclusion criteria and survey design: Participants 18 years and over were invited to
take part. A broad definition of an informal (unpaid) caregiver was shared with participants,
“People that provide unpaid care by looking after an ill, older or disabled family member, friend
or partner”: hereafter referred to as caregivers. A minimum number of hours per week
that caregivers needed to be caring for was not specified, leaving it up to participants to
self- identify with the term. For professional groups, our participant information sheet
stated that we were interested to find “Professionals (not employed by Universities) who have an
interest in innovating around carer health and wellbeing (e.g., health and social care professionals or
those working in the technology industry/third sector)”. Where we state professionals, hereafter,
this implies professionals/innovators interested in the caregiver demographic.

Survey distribution: Consent was implied after participants read, acknowledged,
and accepted the initial terms of the anonymised survey. The distribution of the survey
involved sharing the online version of our questionnaire through social media channels
(e.g., Twitter), alongside email distribution through networks accessible to partners, such
as the Digital Health & Care Innovation Centre (DHI) and Carers UK (e.g., Healthy Ageing
Innovation Group and the “Digital Health & Care” Mailing list). The survey was open
from 15 June 2020 until 30 September 2020.

Data handling: The survey was constructed using Qualtrics Software. Participants
were reminded that any data entered must not contain any identifiable information. An
integrated mixed-methods approach was taken for the data analysis. All quantitative
analyses (frequencies and summary statistics) were completed using R studio (version
1.1.456). Qualitative analyses were undertaken using a content analysis approach by two
researchers (KM and KE) [18]. Free text responses to questions were collated and the first
question coded by KM. The coding structure cross-checked and agreed by KE as a measure
of inter-rater reliability. Once agreed, the rest of the coding was completed by KM, before
being cross-checked by KE. Data were frequently referred back to throughout this process
to ensure the coding framework developed was appropriate. The flexible nature of content
analysis tolerates the use of a combination of deductive and inductive creation of themes
and patterns from the data. Deductive analysis was used to create the key themes and
inductive analysis was used to create sub-themes. More specifically, the six key themes
were identified from the survey structure (deductive analysis), sub-themes were identified
through researcher (KM and KE) interpretation and coding of free text responses (inductive
analysis). Data gathered from informal caregivers and professionals were analysed, and
are presented, separately in the results section of this paper. Major themes were identified
where at least half of respondents aligned with a specific finding. Where respondents
identified as both a caregiver and a professional/innovator interested in caregiving, we
classed these individuals as part of the caregiver demographic.

Data analysis: This work was developed without an a priori hypothesis but in-
stead was conducted as an observational/explorative piece used to generate a future
roadmap/hypothesis. Therefore, our statistical analysis is limited to frequencies, presented
as stacked bars throughout the manuscript (we interpreted priorities where >50% of the
respondents suggested an item was important/very important or equivalent). Qualitative
analysis included the identification and discussion of key themes, such as clear priorities
outlined by participants, throughout the narrative. For the purposes of readability and fig-
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ure simplicity, long statements have been abbreviated and a full list of statements presented
to participants can be found in Appendix B.

3. Results

3.1. Description of Our Sample
3.1.1. Caregiver Demographics

The survey received 112 responses from informal caregivers (see Table 1). Care-
giver respondents were aged 25 to up to 75 to 84 years old, with the mode age within
the 45 to 54 years category. Over 85% (96/112) of caregiver respondents identified as a
woman/female. Caregivers were highly educated, 60.7% were educated to degree level
or equivalent, and 111/112 identified as white (Table 1). Just over half (50.9%, 57/112)
of caregivers had been caring for 10 or more years and 6% (7/112) had been caring for
1 year or less. Caregivers varied in their ability to undertake work/study alongside their
caring role: 35% were able to continue to work/study, 34% had been forced to reduce their
work/study hours and 19.6% had been forced to give up work/study. Almost all (96%) of
caregiver respondents were using digital technologies, such as smartphones and laptops on
a daily basis. The vast majority of caregiver responses were from Scotland (96%, 108/112),
with 1 response from Northern Ireland (<1%) and 3% (3/112 responses) from England.

Table 1. Participant Demographics. * n = 61 for professionals’ gender question.

Variable Group
Caregivers

(n= 112, [%])
Professionals
(n = 62 *, [%])

Age Group

18 to 24 0 [0%] 0 [0%]

25 to 34 4 [3.6%] 16 [26%]

35 to 44 21 [18.8%] 13 [21%]

45 to 54 47 [42%] 22 [35%]

55 to 64 30 [26.8%] 11 [18%]

65 to 74 7 [6.3%] 0 [0%]

75 to 84 2 [1.8%] 0 [0%]

Prefer not to say 1 [0.9%] 0 [0%]

Gender

Man/Male (including trans man) 12 [10.7%] 13 [21%]

Woman/Female
(including trans woman) 96 [85.7%] 48 [79%]

In another way 2 [1.8%] 0 [0%]

I prefer not to answer 2 [1.8%] 0 [0%]

Ethnicity

White 111 [99.1%] 58 [94%]

Asian/Asian British 0 2 [3%]

Other ethnic group 0 2 [3%]

Mixed/multiple ethnic groups 1 [0.9%] 0 [0%]

Education level

Degree or equivalent 68 [60.7%] 46 [74%]

Higher education 27 [24.1%] 10 [16%]

Other qualifications 5 [4.5%] 5 [8%]

School qualifications 10 [8.9%] 1 [2%]

No qualifications 2 [1.8%] 0 [0%]
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3.1.2. Professionals Demographics

The survey received 62 responses from professionals (Table 1). Professional respon-
dents were aged from 25 to up to 55 to 64 years, most identified as women/female (79%)
and 94% of respondents were white. The professional respondents were highly educated,
74% had a degree or equivalent level of education. When asked what their professional
role was, 61 of the 62 participants responded. Most respondents (36%, 22/61) worked in
healthcare, followed by 25% (15/61) working in social care, 23% (14/61) working in the
3rd sector, 11% of respondents put other, 3% worked in caregiver policy development and
one respondent worked in a Small to Medium Enterprise (SME). All participants reported
everyday use of technology. Similar to caregivers, 98% (60 /61) of professionals were from
Scotland, with 1 response from England (2%).

3.2. Views of Informal Caregivers

Three key themes were established from the structure of our questioning and eight
sub-themes were identified from the thematic analysis of the professionals free-text survey
data. The three pre-specified (deductive) themes were; (1) Previous research participation,
(2) Future research participation and (3) Future research aspirations. Sub-themes (identified
through inductive thematic analysis) are presented in Table 2.

Table 2. Key themes and sub-themes from Caregiver Survey. (CAHMS= Child and Adolescent Mental Health Services).

Key Theme Sub-Theme Example Quote (s)

1. Previous research participation

1.1. Experience and connection to
research/ers

The research facilitated access to [a]
psychologist and assessment whilst [I was]
awaiting CAHMS appointments

1.2. Barriers

I always found great difficulty finding the
time with all other responsibilities,
however, feel it would have been good
opportunity, but struggle with other
commitments to find time

2. Future research participation

2.1. Value of the input from caregivers It is important to have your voice heard to
give an accurate picture of caring and carers

2.2. Methods of participation

Face-to-face is always preferred to build
meaningful relationship. Online is next best
thing and personally I would be reluctant
for the final two options [telephone and
post] as [it’s] difficult to engage

2.3. Time available for participation

There needs to be a balance between the
time commitment and the formation of a
relationship between the carer and
the researcher

3. Future research aspirations

3.1. Innovative technology
The use of remote technology so that carers
don’t worry or have to be with the person
as much

3.2. Improved support for carers

Give carers a voice and some real support,
there are many of us who are unpaid
and dedicate
ourselves to our person whilst struggling
with life ourselves
Please help us be less invisible in our
communities. Please help us help the person
we love and care for to be less invisible in
our communities.

3.3. Impact on policy Shaping government agenda is probably
where change is mostly required
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3.2.1. Previous Caregiver Research Participation

Most respondents (79%, 89/112) had not previously participated in research being
conducted by a university in relation to their role as a caregiver, while 18% (20/112) of
participants had previously taken part in research. For those who had previously taken
part in research, the majority had completed surveys: there was no reference by any of the
caregivers to taking part in other forms of research, such as focus groups or interviews.
Most had taken part previously due to a professional interest in research: for example, it
being part of their job, or from a personal interest whereby participating in the research
enabled access to specific support or services. The main reasons for not participating in
research previously was lack of awareness, being unaware of any ongoing research or not
being asked to participate in research prior to the current project. The other barrier towards
participating in research was the lack of free time caregivers had allowing them to commit,
given the other time pressures in their life. Time was, by far (both in Likert and free text
responses) the most significant barrier to taking part in research, followed by money and
personal health (See Figure 1).

Figure 1. Caregiver responses to a range of statements according to whether they “Strongly agree”,
“Agree”, “Neither disagree or agree”, “Disagree” and “Strongly Agree”. Statements focused on
whether: (i) caregivers have something useful to share with researchers; (ii) researchers could make
potential impact on caregiver health and wellbeing, (iii) the role of a caregiver is understood, and
(iv) whether caregivers feel connected to researchers at university settings. In addition, we explored
views on the barriers of (v) time, (vi) money and (vii) health to participation in research.

Closer inspection of our Likert responses around current and previous experiences of
caregiver research suggests over 75% of caregivers agree/strongly agree that caregivers have
something “useful to share” with researchers, yet far fewer respondents felt that researchers
could make a significant impact on their health and wellness as a caregiver (Figure 1). Few
caregivers responding to this work felt they were connected to researchers in universities.
When asked to rate whether they felt connected to university research, 29% (24/84) of
participants strongly disagreed with this statement (Figure 1). It was suggested that university
researchers do not have a particularly strong grasp of the realities of a caring situation.

3.2.2. Future Research Participation

Online and community-based events, along with newsletters, were the most common
ways in which caregivers felt they could contribute to university-led research in the future.
However, when asked what the best way would be for caregivers to work alongside
academia in the future, online and in person were the most popular options, and almost
equally split among participants. The split opinion seems to be between the gold standard
being face-to-face to ensure a rapport is built between caregiver and researcher, among
other benefits, and the practicality and perhaps reality that online would be more suitable,
given the time pressures faced by caregivers. The majority (53%, 39/73) of respondents
would be willing to commit 30 min or more a month to participating in research.
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3.2.3. Future Research Aspirations

In terms of future focus for the health and wellbeing of caregivers, from Likert scale
responses, there was a need stated for a diverse range of areas including: information-based
research, remote monitoring technology, communication technologies to enable connection
between caregivers and policy related research to help shape national agendas and policies
(Figure 2a). When asked about different ways in which informal caregivers could provide
input in research, many placed high value on all the options presented to them, including
developing new ideas and new approaches to working together. Other popular options in-
cluded ensuring that fresh solutions are relevant for other caregivers. Reviewing innovative
technology ideas in development was not a clear priority for caregivers compared to other
solutions. Thematic analysis of participant quotations highlighted a strong need to improve
the support provided to caregivers. This included financial, emotional, psychological and
training and educational support. It was very apparent that participants do not currently
feel heard or that they have received sufficient levels and/or quality of support in their
role as a caregiver.

a 

b 

Figure 2. (a) Caregivers’ responses to a range of statements according to whether they are “Very
important”, “Important”, “A little important”, “Not at all important”. Statements included whether
caregivers were interested in (i) finding solutions, (ii) developing new approaches to work with
researchers, (iii) measuring success, (iv) developing training and support, (v) planning ahead,
(vi) developing new ideas, and (vii) reviewing new technologies. (b) A separate question for
caregivers focused on whether future work would be “Very useful”, “Useful”, “Somewhat useful” or
“Not Useful”. Statements included research around: (i) information (ii) policy, (iii) communication,
(iv) remote monitoring, (v) mobility, (vi) new ways of learning, (vii) voice activated technologies,
(viii) finance based and (ix) VR/AR. VR = Virtual Reality, AR= Augmented Reality.
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Further feedback for future work was obtained around which specific areas of collabo-
ration would make the biggest impact on caregiver health and wellness (Figure 2b). There
was a wide array of different interests in this group, for example, information science was
a particular area of interest highlighted where caregivers viewed research that shares key
information around: caring policy, rights, and entitlements as a priority. While more than
50% of the participants viewed research around mobility, innovation and learning, finance
and voice activated research as useful/very useful, fewer participants were interested in
Virtual Reality/Augmented Reality as a research priority.

3.3. Professionals

Three key themes were established from the structure of our questioning and eight
sub-themes were identified from the thematic analysis. The three pre-specific (deductive)
themes were; (1) Previous research participation, (2) Future research participation and
(3) Future research aspirations. The key themes and sub-themes are presented in Table 3.

Table 3. Key themes and sub-themes from Professionals Survey.

Key Theme Sub-Theme Example Quote

1. Previous research participation

1.1. Experience and connection to
Research/ers

I feel obligated to take part since we need
more attention on the work we do as carers.

1.2. Interest in research

Think it is really important to gather
information from all walks of life and
people who are doing the work at ground
level and not people sitting in offices that
are not meeting clients and families on a
daily basis.

1.3. Barriers Time is my main commodity.

2. Future research participation

2.1. Methods of participation

Carers have little time for themselves, so it
would make sense to provide ways in which
they could contribute with their experiences
at a convenient time. They are exhausted
day by day so asking them to go somewhere
or receiving people at home is
uncomfortable and burdensome for them.

2.2. Involving hard to reach stakeholders

Often when research or consultations are
carried out with carers, it is the same people
saying the same things and often following
an organisation or organisation’s agenda.
Would suggest there is value in speaking
with carers who haven’t been supported by
carer organisations.

3. Future research aspirations

3.1. Innovative technology

Technology for monitoring care for persons
when they have memory issues that can give
the carer peace of mind . . . Having a life
outside of caring, maybe tracking what the
carer is doing and encouraging them to take
a break where possible.

3.2. Training and support for Carers

Training and peer support is currently a
massive challenge and services are currently
looking to move as much as possible onto
online platforms.
To find the best possible solutions to help
people manage their own well-being as
carers, which will impact on those they
care for.
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3.3.1. Previous Research Participation

Professionals were asked if they had previously been involved with or collaborated
with universities and just over 62% (38/61) of respondents said they had not. When asked
to comment further, many of those who had previous experience with research had done
so in a professional capacity as part of their role. A key reason for having participated in
research or being interested in doing so in the future was the importance and want to share
their knowledge and experience.

The majority of professionals suggested that caregivers do not feel connected to univer-
sities or researchers and, similarly, many did not think that those working in universities
have a good understanding of the challenges faced by caregivers (Figure 3). However, the
vast majority of respondents felt that caregiver experiences would be extremely valuable to
researchers and that research could have a significant impact on the health and wellbeing of
caregivers (Figure 3). When asked about barriers to caregivers participating in research, lack
of time was the most significant barrier, followed by money and then poor caregiver health.

Figure 3. Professionals’ responses to a range of statements according to whether they “Strongly agree”, “Agree”, “Neither
disagree or agree”, “Disagree” and “Strongly Agree”. Statements focused on whether: (i) caregivers have something useful
to share with researchers, (ii) researchers could make potential impact on caregiver health and wellbeing, (iii) the role of a
caregiver is understood, and (iv) whether caregivers feel connected to researchers at university settings. In addition, we
explored views on the barriers of (v) time, (vi) money and (vii) health to participation in research.

3.3.2. Future Research Participation

Professionals stated that online group activities and community-based events were
the most popular ways which would make it easier or more likely for people to contribute
to caregiver research 82% (46/56) and 66% (37/56), respectively. However, when asked
to explain further, the importance of engaging those who are harder to reach and not
simply using charity organisations as a means of recruiting caregivers to participate in
research came through strongly in the free text answers. Perhaps, reflective of the COVID-
19 situation people were living in at the time of completing the survey, online methods
followed by in person face-to-face meetings were preferred with phone-based and postal
methods being less popular. Many respondents, however, highlighted the benefits of
face-to-face meetings.
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3.3.3. Future Research Aspirations

We asked professional respondents similar questions to caregivers around research
priority areas. Although there was some indication that finding available solutions and
measuring success were important, training and support, planning ahead, developing
new ideas and developing new approaches to work with research were all a priority that
over 50% of professionals thought were “important” or “very important” (Figure 4a). In
terms of specific types of technology, respondents felt research and development into all
areas of technology would be useful (Figure 4b). Those respondents appeared to think
that what would be particularly useful were technologies enabling remote monitoring
and communication technologies to facilitate connection between caregivers and other
caregivers or professionals. Interestingly, virtual reality technology was of interest, but
noticeably less so than other forms of technology (Figure 4b).

a 

b 

Figure 4. (a) Professionals’ responses to a range of statements according to whether they are “Very important”, “Important”,
“A little important”, “Not at all important”. Statements included whether caregivers were interested in (i) finding solutions,
(ii) developing new approaches to work with researchers, (iii) measuring success, (iv) developing training and support,
(v) planning ahead, (vi) developing new ideas, and (vii) reviewing new technologies. (b) A separate question for profession-
als focused on whether future work would be “Very useful”, “Useful”, “Somewhat useful” or “Not Useful”. Statements
included research around: (i) information (ii) policy, (iii) communication, (iv) remote monitoring, (v) mobility, (vi) new
ways of learning, (vii) voice activated technologies, (viii) finance based and (ix) VR/AR.
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When asked to elaborate on the most important outputs they felt could come from
their involvement in caregiver research, the response fits into four key themes: (1) Solutions
that are relevant to caregivers and truly reflective of their needs, (2) Long-term, sustainable
solutions, (3) For caregivers to feel empowered and supported in their role, (4) Possible
impact on policy and practice.

4. Discussion

The pressures on the caregiver demographic continue to grow. An ageing growing
global population [19], the disruption caused by COVID-19 [8] and limited support for
the caregivers are a perfect storm for a population already under strain. Recent UK
statistics suggest that year on year, that stress outcomes have been worsening for caregivers,
underlining the need for disruptive change [20]. Here, we have explored what a future
roadmap for innovation could look like through a multi-stakeholder consultation and
evaluation: an area of considerable importance for public health. Through incorporating
the views of 174 individuals (including 112 informal caregivers and 62 professionals),
there are a wide range of unmet needs, and an appetite to work closer with researchers
and universities through both in person and online approaches (see Figure 5). While our
responses suggest that working together to understand core needs is plausible for a sizable
group of caregivers, care must be taken not to become overzealous in our interpretations—
many caregivers may remain difficult to reach, including those who are delivering care
on 24/7 basis. Nevertheless, this work forms some early steps to engaging the wider
caregiver demographic and, taken collectively, our findings suggest a need to: (i) identify
and work sustainably with caregivers, (ii) listen to, and encompass the wide range of needs
and perspectives of caregivers and other stakeholder groups, (iii) improve the quality and
quantity of methodologies for caregiver research and (iv) widely share research knowledge
(e.g., successful and non-successful innovations for research/implementation).

Figure 5. Summary figure summating both informal caregiver and professionals/innovators interested in the caregiver demographic.

While we achieved our main objectives, there are several limitations. Our work represents
an online survey where there are biases caused by convenience sampling. For example, repre-
sentation from ethnic minorities is relatively sparse, however, this was not a specific objective
we aimed to address and further work is required to understand whether our findings are
paralleled in such groups. We may also be inadvertently missing out on views on those with
substantial caring commitments or those who do not engage in digital technologies. Second is
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that, while we have attempted to be as objective as possible in our analyses and interpretations,
our questions were pre-specified and, therefore, our qualitative analysis should be interpreted
as deductive in terms of thematic approach. Third is that there are many important barriers to
innovations that we cannot comment on, such as government incentives, cost-benefit models
and start up environments. Our responses are based almost exclusively in the Scottish setting:
in future, it would be advantageous to better understand other parts of the UK, alongside more
nuanced differences such as differences between urban vs. rural settings. Finally, this work
took place during the COVID-19 pandemic, which may have skewed representation to more
digitally advanced groups of caregivers and missed important viewpoints.

Our main findings highlight a need to identify and work sustainably with caregivers: a
task not straightforward given the lack of emotional, physical, and monetary support readily
available. Moving forward, there is a need to find better ways to recognize the value that
caregivers bring. This may be achievable through developing a more continuous interaction with
caregivers, for example, moving beyond individual projects to open ended or problem focused
collaborations. While many caregivers would welcome routes to engage with universities,
researchers must see that the process needs to be efficient and inclusive: ideally taking no more
than 20 to 30 min a month. Relevant to such a trade-off between researchers aims and citizen
engagement is the concept of living labs. Living labs are a methodology/approach that can
allow citizens to participate in the design, development, and evaluation of innovative solutions
to address societal problems [21]. There is considerable interest in using such approaches to
explore health and wellness problems, including scope to carefully explore a range of different
issues through participatory design, across the life course [22,23]. These approaches are helping
to redefine research methodologies, including the integration of citizen generated and non-
traditional data sources [24,25]. Although careful consideration will be required of how to best
build upon emerging online methodologies (e.g., ethical use of data), our findings here indicate
that a hybrid model of both online and in-person approaches could work well for the caregiver
demographic. “Citizen science” approaches could facilitate multiple research stages, such as
ideation, co-design of the approach, data-gathering and knowledge transfer of findings through
“light touch” interactions (e.g., smartphone/computer-based) or through community “pop
up” events. Critically, this would allow multiple routes to help different groups of caregivers
influence research agendas within the earliest stages [26]. Such integration could help address
known issues around translational failure [15] and be supported through a wide variety of tools
such as prioritization methodology [27] alongside recognition in academic publications [28].

Another key finding from this work is that caregivers (who were able to respond
to this work) would largely welcome being “championed” and provided with a channel
to engage with universities. However, the practicalities of delivering this are yet to be
realized—political and social landscapes change over time, as do priorities. While both
we and many other research groups [29,30] consult caregivers about current unmet needs
on a regular basis, there remains a risk that some specific groups (e.g., according to age,
geographical location, ethnicity, socioeconomic status, number of hours caring per week)
will be excluded from conversations through selection bias [31]. Further work is needed
to contextualize how representative current research is of all caregivers and, critically, we
must establish community links to help those in need who do not traditionally connect
with research agendas or third sector partners. Lastly, while the concept of sustained
engagement proposed here may be new to many university settings, there is a need to
ensure efforts augment, opposed to replace existing efforts ongoing elsewhere (e.g., health
and social care data, charity, and voluntary sector annual reports).

Given that much of the conversation around caregivers, needs and innovations falls
out with traditional models of empirical research (i.e., Randomized Controlled Trials),
there is a need to keep furthering knowledge of research methodologies—this could be to
improve the value of non-traditional data sources and/or to increase capacity for more
caregivers to become involved. A source of inspiration that highlights passive involvement
from participants includes the “Dreamlab” project from University College London [32], de-
veloped so that individuals can engage with researchers through charging their smartphone
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to assist with cancer research. As the concept has already reached 1 million downloads,
this is a clear indication that citizens are interested to connect and make impacts to re-
search priorities. Further, the recent contributions of the COVID ZOE smartphone app
have also underlined the power of citizen science, whereby seemingly small actions of
individuals on a larger scale can accelerate current knowledge to help navigate the un-
chartered waters of an emerging pandemic [33]. Given such examples and our participant
feedback, it is feasible to see smartphones being better used to connect caregivers (and
other citizens/professionals) to ongoing research opportunities and emerging agendas,
and to signpost others to recruitment calls. An immediate utility of such citizen science ap-
proaches could be to connect caregivers of rarer/under-researched conditions to highlight
such needs to researchers and funding councils alike.

Another key take-home point from this work is the demonstration of the real depth of
knowledge that caregivers hold for the development of future innovations and co-design ap-
proaches [34]. For example, caregivers demonstrated intimate knowledge of the daily barriers
and enablers to existing technologies, and from the findings presented here, many caregivers
are still actively seeking solutions around information needs and remote monitoring, problems
that researchers may think are already solved. In terms of contributing specifically to ongoing
research, findings from our own work and others [17,29] have highlighted key research
topics for caring (e.g., access to information online), and such priorities could form the
foundation of conversations with caregivers in a variety of settings. An achievable and
realistic first step from here could be to pick exemplar caregiver priorities, and to run pilot
projects that could facilitate the development of caregiver co-designed “principles” to help
scaffold the way by which researchers engage with caregivers moving forward.

5. Conclusions

To conclude, the aims of this work were to initiate the development of a roadmap for
future caregiver innovation. We found that, despite a number of barriers to participation,
many caregivers are willing to regularly contribute to the research agenda and have a wide
range of unmet needs that could be better addressed by existing and future research outputs.
Visibility is still an issue to caregivers—we were only able to hear from a small subsample of
the caregiver population here and even these participants did not feel visible and heard in
research agendas. As a wider community, this needs to change. Clearly, accessible routes for
engagement (e.g., integrated online and face-to-face approaches) and more formal recognition
of their expertise would be welcomed alongside the delivery of real-world impacts on those
who care. A next logical step would be to determine which approaches (such as living
lab methodologies) are capable of delivering for caregivers not just in terms of research
outputs/outcomes, but in terms of transparency, engagement, and experience.
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Appendix A

Q1 How old are you in years? Please select one.

• 18 to 24 (1)
• 25 to 34 (2)
• 35 to 44 (3)
• 45 to 54 (4)
• 55 to 64 (5)
• 65 to 74 (6)
• 75 to 84 (7)
• 85+ (8)
• Prefer not to say (9)

Q2 How do you describe you gender? Please select one.

• Man/Male (including trans man) (1)
• Woman/Female (including trans woman) (2)
• I prefer not to answer (3)
• In another way (4)

Q2.1 If you selected in another way, please share further information here:
Q3 What is your highest level of education? Please select one.

• Degree or equivalent (1)
• Higher education (2)
• School qualifications (3)
• Other qualifications (4)
• No qualifications (5)
• Don’t know (6)

Q4 What is your ethnicity? Please select one.

• White (1)
• Mixed/multiple ethnic groups (2)
• Asian/Asian British (3)
• Black/African/Caribbean/Black British (4)
• Other ethnic group (5)
• Prefer not to say (6)

Q5 How long have you been a carer (in years)

• 1 year or less (1)
• Up to 2 years (2)
• Up to 4 years (3)
• Up to 10 years (4)
• 10 years or more (5)

Q6 Are you still able to work or study as you care?

• Yes, caregiving has not affected my working/studying hours (1)
• Yes, caregiving has caused me to reduce my working/studying hours (2)
• Caregiving has caused me to give up work/study (3)
• I do not currently work/study and did not have to give up work/study due to

caregiving (4)
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Appendix B

Table A1. Likert statements in full.

Title Abbreviation (i.e., in Figure)

Question group: To what extent do you support the following statements

I feel connected to researchers working at universities I feel connected

I feel that researchers working in universities have a good understanding of the
challenges of being a carer Caring is understood

My experience (including as a carer) means that I have something useful to share
with researchers working within universities I have something useful to share

The work that researchers in universities do could make a significant impact on
my health and wellness as a carer Potential impact

Time is a significant barrier for me to become involved in research Barrier—time

Money is a significant barrier for me to become involved in research Barrier—money

My health is a significant barrier for me to become involved in research Barrier—health

Question group: Where do you think your input as a carer is most important
for researchers working in universities?

Developing new ideas New ideas

Reviewing new technology ideas in development (e.g., using a star rating) Reviewing new tech

Developing new approaches to work together (e.g., improving the way researchers
connect with carers) Develop new approach

Developing training and support materials for development of new ideas Develop training & support

Helping to decide how to measure the success of technologies (e.g., understanding
what matters to you most) Measure success

Making sure that other carers can find new solutions relevant to them Finding solutions

Working with researchers in universities long term to plan ahead Planning ahead

Other Other

Question group: In your view, what areas of collaboration with universities
would make the biggest impact on your own health and wellness?

Information based technology research (e.g., research that shares key information
around caring, your rights, entitlements etc.) Information-based

Finance based research (e.g., innovations/applications that would help you
manage any finance activities, including reminders or notifications) Finance-based

Voice activated technology research (e.g., Alexa, Siri or other voice based
technologies) Voice activated research

Virtual reality/Augmented reality research (e.g., through the use of mobile phones
or more specialised equipment) VR/AR

Mobility research (e.g., any technologies that help within the home or getting out
an about such as wheelchairs) Mobility research

Research on technologies for remote monitoring (e.g., looking after someone at
distance through self reported measures) Remote monitoring

Communication technologies (e.g solutions to help you connect to other caregivers
or professionals) Communication

Policy related research (e.g., gathering evidence to help shape national agendas
and priorities) Policy research

Research into new/innovative ways of learning (e.g., online learning) New ways of learning

Other Other
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Table A1. Cont.

Title Abbreviation (i.e., in Figure)

To what extent do you support the following statements

Carers are connected to researchers working at universities I feel connected

Researchers working in universities have a good understanding of the challenges
of being a carer Caring is understood

Carer experience is something useful to share with researchers working
within universities Carers have something useful to share

The work that researchers in universities do could make a significant impact on
carer health and wellness Potential impact

Time is a significant barrier for carers to become involved in research Barrier—time

Money is a significant barrier for carers to become involved in research Barrier—money

Poor carer health is a significant barrier for carers to become involved in research Barrier—health

Where do you think your input is most important for researchers working in
universities to develop new ideas/solutions for carers?

Developing new ideas New ideas

Reviewing new technology ideas in development (e.g., using a star rating) Reviewing new tech

Developing new approaches to work together (e.g., improving the way researchers
connect with carers) Develop new approach

Developing training and support materials for development of new ideas Develop training & support

Helping to decide how to measure the success of technologies (e.g., understanding
what matters to you most) Measure success

Making sure that carers can find new solutions relevant to them Finding solutions

Working with researchers in universities long term to plan ahead Planning ahead

Other Other

If you were to work with a carers in research on a regular basis, what technologies/innovations or areas of work do you think
would make the biggest impact on carers own health and wellness?

Information based technology research (e.g., research that shares key information
around caring, your rights, entitlements etc.) Information-based

Finance based research (e.g., innovations/applications that would help you
manage any finance activities, including reminders or notifications) Finance-based

Voice activated technology research (e.g., Alexa, Siri or other voice
based technologies) Voice activated research

Virtual reality/Augmented reality research (e.g., through the use of mobile phones
or more specialised equipment) VR/AR

Mobility research (e.g., any technologies that help within the home or getting out
an about such as wheelchairs) Mobility research

Research on technologies for remote monitoring (e.g., looking after someone at
distance through self reported measures) Remote monitoring

Communication technologies (e.g., solutions to help you connect to other
caregivers or professionals) Communication

Policy related research (e.g., gathering evidence to help shape national agendas
and priorities) Policy research

Research into new/innovative ways of learning (e.g., online learning) New ways of learning

Other Other
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Abstract: The COVID-19 pandemic created a globally shared stressor that saw a rise in the emphasis
on mental and emotional wellbeing. However, historically, these topics were not openly discussed,
leaving those struggling without professional support. One powerful tool to bridge the gap and
facilitate connectedness during times of isolation is online health communities (OHCs). This study
surveyed Health Union OHC members during the pandemic to determine the degree of COVID-19
concern, social isolation, and mental health distress they are facing, as well as to assess where they
are receiving information about COVID-19 and what sources of support they desire. The survey was
completed in six independent waves between March 2020 and April 2021, and garnered 10,177 total
responses. In the United States, OHCs were utilized significantly more during peak lockdown
times, and the desire for emotional and/or mental health support increased over time. Open-ended
responses demonstrated a strong desire for connection and validation, which are quintessential
characteristics of OHCs. Through active moderation utilizing trained moderators, OHCs can provide
a powerful, intermediate and safe space where conversations about mental and emotional wellbeing
can be normalized and those in need are encouraged to seek additional assistance from healthcare
professionals if warranted.

Keywords: eHealth; chronic disease; online community; social support; COVID-19

1. Introduction

Although social isolation, loneliness, and mental health distress have always been
commonplace, societal stigma often means they are not openly discussed [1]. However,
the COVID-19 pandemic created a globally shared stressor that saw a rise in the emphasis
on mental and emotional wellbeing. From popular icons such as Michelle Obama freely
speaking about experiencing “low-grade depression” as a result of the pandemic and
societal unrest in America [2], to the World Health Organization’s emphasis on increased
mental health infrastructure due to an impending and critical increase in demand [3],
the COVID-19 pandemic has changed the way we talk about, prioritize, and consume
healthcare and services that address mental health needs.

Despite still being in the midst of the pandemic, research so far points toward COVID-
19′s ubiquitous negative impact on mental health [3–6]. A Kaiser Family Foundation
survey from April to May of 2021 found that 30% of adults in the United States (U.S.)
reported symptoms of depression or anxiety, a rise of more than 10% higher than expected
based on pre-pandemic trends. In addition, nearly a quarter of those with symptoms of
psychological distress who reported needing mental health services were not able to access
them [7]. These COVID-19 impacts are far-reaching; however, factors such as a previous
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lack of social support, perceived likelihood of survival, comorbid mental or physical health
conditions, and challenging home demands, such as homeschooling young children, are
all contributors to an increased risk for mental health distress [4,6].

In research conducted prior to the pandemic, social connectedness and social support
were associated with benefits such as decreased risk of cardiovascular disease and depres-
sion, improved immune system functioning, and reduced morbidity and mortality, among
others [8–11].

A metanalysis of 40 studies confirmed that comorbidities of mental health and chronic
physical conditions are a burden for people, not just in the developed world where research
often focuses, but also in developing and emerging countries [12]. While psychological
interventions of various types can improve a patient’s quality of life [13–15], there are
mixed results depending upon in-patient or out-patient settings [16].

A positive state of mind as a result of strong social support, is also linked to greater
medication adherence, a critical concern when it comes to living with one or more chronic
health conditions [17].

Chronic health conditions are of particular interest in examining societal responses to
the COVID-19 pandemic, as physical lockdowns and fears of contagion prevented the ease
of access to in-person healthcare [18]. In addition, current research still suggests that those
with pre-existing chronic conditions (including those with a history of malignancy) have a
greater risk of developing severe COVID-19 and accompanying significant morbidity and
mortality than those without [19,20]. Further, the population of chronically ill individuals
tends to be older, and inherently possesses an increased susceptibility to social isolation
and deteriorating mental health [21].

Especially in the context of the COVID-19 pandemic, telemedicine provides a means
for patients to seek care for a variety of concerns in a convenient, accessible, and safe
manner. While telemedicine for mental health is on the rise, there are still questions
regarding patient willingness to embrace these new options when discussing sensitive
issues. Additional concerns include payor issues with telemedicine services and the
equitable access to technology required in order to undergo sessions [22–24].

One powerful tool to bridge the gap and facilitate social support and connectedness
during times of isolation is online health communities (OHCs). OHCs are online platforms
in which individuals with similar health conditions or experiences can share information,
support, and connections [25,26]. OHCs provide a temporally flexible space that allows
people to connect across geographic locations and often with anonymity [26,27]. OHCs
allow patients to play as active or passive a role as they would like, while helping with
identity development, self-confidence, personal validation, social interconnectedness, nav-
igation of complex emotions, and fostering a sense of purpose [27–30]. Although OHCs
are not a platform for medical care nor advice, they can provide an environment to gauge
similar experiences and gain confidence to seek professional support.

In order to facilitate safe, online spaces that provide support, social connection, and
information, Health Union created an Adaptive Engagement Model for OHCs [30]. At
the beginning of the pandemic, Health Union had 28 active OHCs. Each community is a
separate URL that matches the name of the condition, for example, Lupus.net, and has
social media pages on Facebook, Instagram, and Twitter.

These OHCs are contextual and situational, and feature three core structural ele-
ments, including social support, adaptive engagement, and active moderation. Similar
to physical communities, they rely on a shared identity (connection to a specific chronic
health condition), social norms, and commonly an experience of societal stigma. These
features, taken together in the creation and subsequent management and moderation of
the OHCs, are used to facilitate the sharing of relevant health information (or content),
build relationships, and harness participant interdependence through passive and active
engagement opportunities [30]. Given the Adaptive Engagement Model’s high emphasis
on combating social isolation and creating space for normalizing conversations about
life with a chronic illness, including mental health impacts, these OHCs may serve as a
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stepping stone for intermediate support as people struggle with considering and initiating
professional services for mental health or emotional support.

The present study was conducted primarily to determine the information needs and
supportive resources needed by people with chronic health conditions from Health Union’s
28 online communities during the pandemic. After seeing how community members
continued to engage and support each other throughout the pandemic and become less
interested in specific content regarding COVID, the authors decided to conduct a secondary
analysis of these data to further study social connectedness.

The aim of this study was to survey current Health Union OHC members to determine
the degree of COVID-19 concern, social isolation, and mental health distress they are facing,
as well as assessing where they are receiving information about COVID-19 and what
sources of support they require. Although other research focused on the mental and
emotional impacts of COVID-19 and the use of telemedicine or other technologies to access
healthcare services, our efforts aim to investigate the novel space in between, wherein
OHCs may play a critical role in fostering wellbeing, especially when access to traditional
in-person services may be limited.

2. Materials and Methods

2.1. Data Collection and Survey Design

As this was a secondary analysis of a de-identified data set originally collected for
quality improvement purposes, it was considered exempt from human subject review. This
research was conducted according to the guidelines of the Declaration of Helsinki and
other relevant laws in the U.S. Informed consent was obtained from all survey participants
via an introductory email, allowing people to voluntarily click through to accept or decline
the invitation to complete the Qualtrics survey. Survey responses were anonymous and not
linked to individual identifiers. All email or IP addresses were stripped from the data set
prior to data cleaning, storage, and access of the final data set for analysis by the authors.

Data were collected in an online survey format hosted through Qualtrics Survey
Software (Qualtrics International Inc., Seattle, WA, USA). The survey was administered
in six waves between 19 March 2020 and 19 April 2021. The first survey wave was
sent to members of 10 separate OHCs hosted, managed, and moderated by Health Union.
Subsequent waves were expanded to eventually reach a total of 28 separate OHCs managed
and moderated by Health Union. Each platform provides a space for support, engagement,
and education around the chronic health condition of focus [30]. In total, the survey was
sent to community members via email across the six waves. Banners and other site features
advertising the survey were also displayed on each platform during data collection periods.
Data collection for each wave lasted between three and eight days, tailored with the aim
of securing an adequate sample size, while being inclusive of people with many different
chronic health conditions (Table 1).

Table 1. Survey wave sample size, number of OHCs included, dates fielded, and completed responses.

Survey Wave Dates Fielded Num. of OHCs Total Completes

Wave 1 19–25 March 2020 10 991
Wave 2 14–17 April 2020 26 2214
Wave 3 12–14 May 2020 26 2210
Wave 4 21–23 July 2020 26 1777
Wave 5 23 October–2 November 2020 26 2005
Wave 6 12–19 April 2021 28 980

In order to participate in the survey, respondents needed to be at least 18 years old,
live in the United States, have a chronic health condition from a pre-specified list (full list
in Supplementary Materials), and be aware of COVID-19. Survey questions focused on life
with a chronic condition during the pandemic. Initial topics of interest included current
treatments used to manage chronic health conditions, where information was obtained, and
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concern regarding COVID-19. In addition, questions regarding changes in personal health
behaviors as a result of the pandemic, changes in established treatment plans, desired
support sources, communication with healthcare providers, and financial impacts were
also included.

Given the evolving and uncertain nature of the COVID-19 pandemic, it was necessary
to adjust topics slightly to most accurately reflect the current status of the pandemic for
that time period. For example, waves three through six included questions about telehealth
at the same time that telehealth was expanded by executive order through the Centers for
Medicare and Medicaid Services during this time period [31]. Waves five and six included
questions surrounding pandemic burnout, quality of life, and vaccination status. Due to
this required flexibility, each wave ranged from 35 to 41 questions.

Participants who provided complete responses to the survey were entered in a drawing
to receive a U.S. e-gift card for each wave. The drawing for the first wave featured USD 50
gift cards, while waves two through six featured USD 25 gift cards.

2.2. Measures
2.2.1. Perception of COVID-19

Concern for COVID-19 was assessed in each wave through the question, “At this
time, how concerned do you feel about the novel coronavirus (COVID-19)?” Concern was
measured on a 7-point Likert scale (1 = Not at all concerned to 7 = Very concerned). Wave
six (post-vaccine availability) had a slightly modified version of this question by gauging
agreement with the statement, “I am still very concerned about my risk of contracting
COVID-19” (7-point Likert scale with 1 = Strongly disagree and 7 = Strongly agree). In a
similar fashion, participants were asked about their concern with COVID-19 in the context
of having a chronic health condition in each survey wave (Supplementary Materials).
Significant concern was a response of 6 or 7, while a lack of concern was a response
of 1 or 2. In several waves (waves two, three, and four), participants were also asked
in an open-ended question to provide one word that described how they were feeling
about COVID-19.

2.2.2. Utilized and Desired Sources of COVID-19 Information and Support

In order to determine current COVID-19 information resource use, respondents were
prompted in waves one through four with the question, “What sources are you using to
learn more about the novel coronavirus (COVID-19)?” Participants were prompted to select
as many as applied from a list of resources, including social networking sites, Internet
search engines, government websites, online blogs or support communities, and TV news
reports (Supplementary Materials). Subsequently, participants were asked, “What types
of information and/or support would be most helpful to you right now?” Respondents
were permitted to choose up to three desired types of information or support including
information from their healthcare provider about COVID-19 in relation to their health
condition, emotional and/or mental health support, financial support for medications, and
home delivery options (Supplementary Materials).

2.2.3. Quality of Life and Health-Related Behavioral Changes

Later waves, specifically waves five and six, incorporated questions about quality of
life, mental health impacts, burnout, and perception of returning to pre-pandemic “normal”
life. Changes in more tangible behaviors were asked in wave five, through a 3-option
ranking of doing less, doing the same as, or doing more of a specific behavior pre-pandemic
versus present. For example, participants were asked to rank their current social media
use with pre-pandemic levels on this scale. Less tangible changes, such as stress, impacts
on mental health, and overall quality of life were asked in wave six using a 5-point Likert-
type scale, including options such as mental health being much worse during COVID-19,
somewhat worse, about the same during COVID-19, somewhat better, and much better
during COVID-19 (Supplementary Materials). Wave five also featured the open-ended
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question, “What is the biggest struggle that you’re having at this point in time, as a result
of (or related to) the coronavirus (COVID-19) pandemic?”

2.2.4. Demographics

Participants across all waves were asked a series of demographic questions including
age, gender, annual household income, primary health insurance form, residence type
(suburban, urban, rural), highest level of education attained, and employment status. Age
was selected from a dropdown menu, while others allowed participants to choose from a
categorical list of item responses. Participants were asked to select chronic health conditions
from a list including, but not limited to, COPD, migraine, asthma, HIV, rheumatoid arthritis,
hypertension, and several types of cancers (Supplementary Materials).

2.2.5. Analysis

Responses were analyzed using descriptive statistics and z-tests to explore differences
across waves. This analysis was conducted in order to identify differences in the need for
mental and/or emotional support and changes to quality of life relative to each wave of
the survey and the corresponding time period of the pandemic. Responses to open-ended
questions were reviewed for common themes and impactful quotes regarding the need for
social support.

3. Results

3.1. Participants

In total, there were 10,177 responses across all six waves. The number of survey
participants for each wave is shown in Table 1. Demographics of participants for each wave,
including, but not limited to, mean age, gender, and employment status, were collected
(Table 2). The most commonly experienced chronic health condition was hypertension,
followed by asthma, migraine, rheumatoid arthritis, COPD, and multiple sclerosis. Nearly
seven in ten had never been diagnosed with cancer. Of those diagnosed with cancer, skin
cancer (of any form) was the most common.

Table 2. Survey participants; select demographics per wave.

Survey Wave Gender Mean Age Employment Status

Wave 1 87% Female
12% Male 58.7

35% Employed
34% Retired

21% Disability

Wave 2 84% Female
16% Male 57.6

33% Employed
30% Retired

24% Disability

Wave 3 81% Female
19% Male 56.3

30% Employed
38% Retired

21% Disability

Wave 4 83% Female
17% Male 59.7

31% Employed
36% Retired

22% Disability

Wave 5 82% Female
18% Male 58.9

30% Employed
38% Retired

21% Disability

Wave 6 78% Female
21% Male 60.4

31% Employed
39% Retired

19% Disability

The majority of participants were female; however, this is in line with prior research
among people who were seeking health information or support online [30]. Unsurprisingly,
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given the chronically ill nature of participants and the older average age, nearly half
were either on disability benefits or fully retired, and roughly 30% were either employed
full-time, part-time, or self-employed (Table 2).

3.2. COVID-19 Concern

The percentage of respondents reporting a 6 or 7 on the scale of general COVID-19
concern stayed relatively constant throughout waves one through five, peaking in the
first wave with 71% of respondents (n = 699) and remaining in the mid-to-high 60% range
through to wave five. In wave six, the question was adjusted slightly to inquire about the
concern of contracting COVID-19 (after over one year of infections and the introduction
of several vaccines). As such, significant concern for personally contracting COVID-19 in
wave six was only 38% (n = 370). The trends in patterns of concern with regard to personal
health history were the opposite for those with general chronic health conditions versus
those with cancer. Those with a cancer history reported the highest levels of concern for
COVID-19 in relation to their personal health at the beginning of the pandemic (wave
one, 86%, n = 105). However, this significantly decreased to the 40% range for waves two
through four (p < 0.01). In contrast, those with non-cancerous chronic health conditions
saw a steady trend in concern for COVID-19 in relation to their personal medical history,
with those reporting a strong concern hovering between 67% and 71% throughout the field
of study.

3.3. Self-Directed Research and Desire for Additional Support

The top sources respondents used for COVID-19-related information throughout
waves one through four were TV news reports (64%, n = 4591), government websites
such as the CDC or NIH (61%, n = 4393), news websites (57%, n = 4099), and Internet
search engines such as Yahoo or Google (47%, n = 3353). Social networking sites such
as Facebook and Twitter were used by 38% of respondents (n = 2721), and online blogs
and support communities were used by 17% (n = 1196). Internet searches, websites for
healthcare professionals such as academic journals, TV news reports, and social media were
all utilized more heavily in the beginning of the pandemic relative to later waves (p < 0.01
for wave one versus waves two, three, and four, individually). Online blogs and support
communities were utilized significantly more in wave two (19%, n = 426, p < 0.01) than in
any other wave, coinciding with peak lockdown times in the United States (April 2020).

When asked which types of information and/or support would be most helpful
to respondents, the three most commonly chosen sources were up-to-date and accurate
information about COVID-19 (47%, n = 2921), emotional and/or mental health support
(25%, n = 1581), and financial support for other necessities/bills (22%, n = 1356). Most
notably, the desire for emotional and/or mental support was highest in the final wave—
wave four (p = 0.01 compared to wave two and p < 0.01 for wave three).

3.4. Burnout, Isolation, and Mental Health Distress

The impacts on mental and emotional health were assessed most directly in waves
five and six, after roughly a year of the COVID-19 pandemic. Nearly 60% (n = 1143) of
respondents in wave five said the pandemic had increased the level of stress and/or anxiety
in their daily life, compared to 9% (n = 183) who did not share this perception (p < 0.01),
and 62% (n = 1240) were currently worried about returning to “normal” activities (p < 0.01).
Additionally, in wave five, when asked about family and friends, 38% (n = 764) reported
that they are keeping in touch with loved ones less than before the pandemic, compared
to only a quarter (n = 500) reporting an increase in connection (p < 0.01). Notably, about
one quarter of those who sought telehealth for any reason in this group did so for a mental
health counseling or therapy session (25%, n = 371).

In wave six, 60% (n = 588) said quality of life was somewhat or much worse as a result
of the pandemic, while only 9% (n = 86) reported an improvement (p < 0.01). When asked
directly about mental health impacts, 56% of this group felt their mental health was worse
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or much worse during the pandemic compared to pre-pandemic (n = 547, p < 0.01), and
only 6% (n = 63) reported improvements in mental health.

3.5. One-Word Perceptions

Responses to the one-word, open-ended question about current feelings regarding
COVID-19 were reviewed and a word cloud figure was generated (Figure 1). In the word
cloud format, the most commonly cited words are represented as larger in the figure. As
shown in Figure 1, earlier in the pandemic, aligned with lockdowns and CDC calls to
practice social distancing, the terms “anxious”, “scared”, and “concerned’ were the most
frequently cited. In wave six, more than a year after the pandemic began and with vaccines
becoming available, words like “frustrated”, and “tired” are still prominent; however, new
terms like “hopeful”, “optimistic”, and “cautious” are entering into the vocabulary again,
occupying more prominent positions in the shared consciousness.

 
(a) (b) 

Figure 1. One-word perceptions of the pandemic in word-cloud format: (a) Wave four (July 2020); (b) Wave five (April 2021).

3.6. First-Hand Accounts of Isolation and Longing for Connection

Wave five included an additional open-ended response where respondents were
asked about their biggest current struggle in relation to the COVID-19 pandemic. Upon the
first review of responses, isolation, stress, mental health concerns, and longing for social
connectedness were common themes. Several notable responses included:

“The biggest struggle for me is the isolation. The last time I was out to eat with friends or
shopping in a store was the end of February 2020. It’s a more mental/emotional struggle
most days.”

“Boredom due to seclusion. Normally I busy myself with helping others but being secluded
in my room with little to do has begun to wear down my normally positive attitude.”

“I don’t have any help at home, and it’s hard for me to manage. I feel incredibly isolated-
which causes increased depression. I cannot even participate in communal worship
because of immunosuppressant medications that increase my risk for COVID. I would
like to work, as much as I can, but as a piano teacher, it is not possible, and that is more
isolating and makes one feel more ‘useless.’ Being ill, unemployed, and having no one to
have physical contact or interactions with is not normal. It is not conducive to mental
health, [which is] hard enough for those with chronic pain and health conditions.”
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Alongside survey responses, Health Union’s OHCs were continuously monitored for
trends in member engagement. Notably, concurrent with the start of the survey fielding in
late March 2020 (and the initial increasing mandates to stay at home due to the COVID-19
pandemic), the following unprompted response was shared Health Union’s OHC dedicated
to asthma:

“Warm greetings to everyone in the asthma world! As I sit here on day 22 of isolation
during the COVID-19 pandemic, I am reminded of my reasons for wanting to share my
experiences as an asthma patient and a lung cancer survivor, to name a couple of my
health issues. So I am in isolation and I can’t help but think about how grateful I am to
have this forum to turn to. Not just in today’s current environment but always. It is so
helpful to hear from so many others who are in the same boat. Asthma often makes me
feel isolated and alone. In reality, I am alone, but WE are together in our little corners of
the planet doing our best to stay safe and healthy and live our lives. The current climate
of the world has intensified that for us.”

4. Discussion

The overall objective of this study was to determine OHC members’ changing percep-
tions of the COVID-19 virus and its impact on mental wellbeing and need for emotional
or social support, as well as to determine where people are seeking their information
and support needs from. Although government websites, TV news reports, and Inter-
net searches dominated as information sources early in the pandemic, online blogs and
support communities (including OHCs) reached their peak reported usage during the
time of mass lockdowns and uncertainty in the U.S. (April 2020). This difference in the
time of the pandemic suggests that people living with chronic health conditions sought
social connectedness, validation, and peer-to-peer information in a time when they were
experiencing more distress. This notion was further strengthened by the overall increasing
desire for emotional and/or mental support as the pandemic progressed from the time of
waves two through four.

While TV news sites, general Internet searches, and need for financial support were
always of high priority to respondents no matter the time frame, the steadily increasing
interest in OHCs speaks to the desire for human connection and social support from others
during an unpredictable time. By providing a safe and always available online space for
these connections, OHCs can provide trusted information, validate concerns and emotions,
and provide social support in order to enhance wellbeing.

General concern for COVID-19, specifically concern about the risk of being infected,
decreased by wave six when a multitude of infections in the U.S. had already occurred
(including potentially among respondents or their family members, thereby potentially
decreasing their fear of the unknown). “COVID fatigue” was at an all-time high according
to public opinion polls and news reports [32], and several vaccines were newly granted
emergency use authorization by the FDA and were becoming widely available. The
concerns associated with the earlier phases of the pandemic, such as fear of the unknown
and concern about becoming infected, were replaced by new concerns. These included
burnout, negative quality of life impacts, reduced connection to loved ones, and mental
health deterioration. A large majority reported that the pandemic increased the stress and
anxiety they felt in their daily lives, and that they were still apprehensive about returning
to a pre-pandemic “normal”.

During this same time period, although daily COVID-19 concerns may have been
subdued, these were replaced with mental and emotional exhaustion. Despite these high
levels of distress, survey participants indicated that they did not engage with formal mental
health services. In spite of the high overall use of telehealth services in wave five (73%),
only a quarter of these visits were for mental health concerns. This suggests that although
mental health issues and the need for support rose throughout the pandemic, there are still
barriers (whether they are social, financial, practical, or physical) to being able to access
mental health services. From a socialization standpoint, OHCs may be able to facilitate

152



Int. J. Environ. Res. Public Health 2021, 18, 12743

trust among users of those communities and help normalize discussions around how to
seek mental or emotional support, as well as provide encouragement and validation to
others who may be uncertain about using telehealth for mental health services.

Based on responses to the one-word perceptions of COVID-19 and the first-hand ac-
counts of isolation shared in response to open-ended questions, people with chronic health
conditions are willing and ready to discuss these sensitive topics in OHCs. By continuing
to utilize the Adaptive Engagement Model, conversations around emotional and mental
health can be validated, and encouraged within a safe and supportive online environment.

OHCs are not without their own inherent risks, however, as shown in recent news
accounts of the failure of leading social media companies to appropriately respond to nega-
tive impacts [33]. Personal attacks and factually incorrect medical information may arise,
and depend on individual members to think critically about information presented and
separate personal affiliation from safety [25,34,35]. This can be especially dangerous when
it comes to sensitive discussions around emotional and mental health topics, and mentions
of potential self-harm. In order to combat this, some OHCs, such as those operated by
Health Union, utilized trained moderators, wrote community rules that were shared and
enforced through moderation practices, and modeled appropriate responses to users of
the OHC. Moderators may have a background in health or social services, and include
experienced patient advocates and trained employees who monitor for safe discourse and
provide conversation encouragement, resources, and validation where appropriate.

As mentioned above, there is also the risk for mentions of self-harm when creating
open dialogue around sensitive and emotional issues. One aspect of OHCs is the unpre-
dictability of people sharing comments or concerns that may not be germane to shared
content or topics, and this is often the case when people mention mental health or emo-
tional health concerns. As the COVID-19 pandemic shows in stark relief, existing OHCs,
organized around health topics, may quickly become the source that people turn to when
seeking support from others. Being prepared for such conversations, with both a strategy
as well as an experienced and trained group of community moderators, is critical to quickly
adapt to the demands of the pandemic and similar public health crises.

Limitations

There are several limitations to this study. First, in order to adapt to the changing
nature of the COVID-19 pandemic while keeping surveys manageable for chronically
ill respondents, several questions from the first survey were removed or tailored across
subsequent waves. This made it impossible to compare responses to all variables across
all six waves; however, the sample sizes for each survey wave were large enough to
gain an understanding of data points of interest from smaller wave groups. Additionally,
participants were recruited from people who visited one of the 28 OHCs, clicked on a
survey advertisement, and proceeded to the survey consent page, or who had previously
opted-in to receive email communications. This recruitment method may have led to
sampling bias, specifically for those who had already participated in an OHC environment.
Further, although the survey was designed to be as user-friendly as possible, it was not
completed by all participants which may indicate that those who completed the survey are
more comfortable with the online survey technology, and thus, OHCs.

Future research would be best served by investigating need for mental and/or emo-
tional health support at this current juncture in the pandemic, and by utilizing similar
or identical questions throughout all iterations that further explore why people choose
to come to (or avoid) OHCs, what information they may be looking for, how they find
support or give support to others within these spaces, and if they feel empowered to seek
further help from a healthcare professional when needed.

5. Conclusions

Along with all of society, individuals with chronic illnesses fully experience the
impacts of the COVID-19 pandemic, and are likely and are likely to seek out information
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early and avail themselves of risk reduction strategies. Changes in desired resources over
time show an increasing interest from basic information about the virus, transmission risk,
and ways to minimize risk, to seeking emotional support. The interest and willingness to
talk about mental health impacts and the need for support speaks to the desire for human
connectedness in times of societal upheaval and the resultant severe isolation.

The literature reviewed provides a backdrop for the current study and illustrates
issues relevant to social connectedness for people with chronic health conditions. This
includes the potential negative impact of social media on mental health, which has salience
for people with chronic health conditions, particularly during the pandemic. While the
increase in the availability of telehealth during the pandemic has the potential to increase
the use of mental health services, it is less clear that people were able to avail themselves of
these opportunities.

The first-hand accounts of people living with chronic health conditions struggling to
find support and social contact are illustrated in the responses to open-ended questions and
show a range of emotional impacts and coping strategies. Although mental and emotional
distress are common, not all who need professional support feel comfortable or know how
to access those services.

OHCs can provide an intermediate and safe space where conversations about mental
and emotional wellbeing can be normalized and those in need are encouraged to seek
additional assistance from healthcare professionals if warranted. However, OHCs cannot
do this through passive engagement only. Active moderation of OHCs using trained and
experienced moderators can provide a safe space with planned, real-time strategies to
address crisis situations, including future pandemics or public health emergencies, as
they arise. This research supports the thesis that OHCs, when managed and moderated
appropriately, have the power to normalize mental health discussions, thus providing a
unique value to those who experience mental health concerns.
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Abstract: Obesity and suboptimal health status (SHS) have been global public health concerns in
recent decades. A growing number of works have explored the relationships between media use
and obesity, as well as SHS. This study aimed to examine the time trend of the associations between
media use (including traditional media and new media) and obesity, as well as SHS. The data were
derived from three national random samples of the Chinese General Social Survey (CGSS), which
was separately conducted in 2013, 2015, and 2017. In total, 34,468 respondents were included in
this study, consisting of 16,624 males and 17,844 females, and the average age was 49.95 years old
(SD = 16.72). It found that broadcast use and television use were positively associated with obesity
and showed an increasing trend over time. Cellphone use emerged as a risk factor for obesity in 2017
and showed an increasing trend. By contrast, newspaper use, television use, and internet use were
negatively associated with SHS, and television use showed a decreasing trend in the association with
SHS, while internet and newspaper use showed an increasing trend. In conclusion, media use was
positively associated with obesity while negatively associated with SHS. It showed a decreasing trend
in the associations between traditional media use and obesity, while revealing an increasing trend in
the associations between new media use and obesity, as well as SHS. The practical implications of the
findings are discussed.

Keywords: media use; obesity; suboptimal health status; time trend; China

1. Introduction

Over the recent decades, communication technology has changed dramatically. A
variety of new media, including the internet, computers, cellphones, and social media
have rapidly come to coexist with traditional media (e.g., television, newspaper, and
broadcast media), which dominate individual’s leisure activities and spare time [1]. Media
use has also been integrated into daily life to communicate with peers and maintain
social relationships [2], search for or share information, and have fun or entertainment [3].
Despite the ease and frequency of media use having changed radically in recent years, these
changes did not always bring positive impacts on health status, but did bring negative
consequences [4]. In other words, media use is a two-sided coin that may improve one’s
health status, but also could result in harmful health outcomes. Widespread and prolonged
media use has contributed to the increasing and ongoing debate on its impacts on physical
and psychological health, such as obesity or overweight, and the symptoms of suboptimal
health status (SHS).

1.1. Media Use and Obesity

Obesity has been a global public health concern which has caused various health
problems and social burden [5,6]. Recent work has indicated that obesity has become
widespread in adolescents as well as in young and older adults [7,8], with an increasing
trend in recent decades [9]. The rapid rise of obesity suggests that environmental fac-
tors along with biological disposition might be responsible for people’s weight gain [10].
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Among the environmental factors, ubiquitous information communication technology and
pervasive media use might account for the widespread obesity [11]. One of the possible
explanations lies in the fact that electronic media use or screen media use have displaced
time for physical activities or outdoor sports. The more or longer one uses such media, the
more likely s/he is to become obese [12,13]. A large body of studies have also examined the
associations between media use and obesity or overweight [14–16]. The scope of these stud-
ies has involved almost all media types, such as television [17], video games [18], internet
and computer [19], social media [20], and digital media [21]. The research outcomes have
demonstrated that media use has caused a decrease in physical activity and an increase in
sedentary behaviors, which has resulted in the risk of obesity [22,23].

1.2. Media Use and Suboptimal Health Status

SHS is an intermediate state between health and disease conditions, characterized by
declines in vitality, physiological function, and the capacity for adaptation [24]. It includes
symptoms of fatigue, non-specific pain, dizziness, anxiety, depression, and functional
system disorders [25]. In recent years, more and more people are in SHS. SHS has be-
come a significant public health concern worldwide due to its potential risk for chronic
diseases across multiple populations, such as type-II diabetes mellitus, cardiovascular and
stroke [26,27].

According to the “biological-psychological-social” medical model, an individual’s
health status is dictated by his/her biological, psychological, and social factors. Thus,
SHS is usually measured or assessed by disturbance symptoms in terms of physiological,
psychological, and sociological characteristics, namely physical SHS (PS), mental SHS
(MS), and social SHS (SS) [28]. Given that SHS is a medically undiagnosed and functional
somatic syndrome, it has been attributed to various factors. Existing studies have revealed
that lifestyle and environmental factors were the critical predictors of SHS, such as sleep
quality, physical exercise, unhealthy diet, smoking, alcohol drinking, adverse life events,
and family living status [29]. In addition, the prevalence of SHS varies among different
populations. Many demographic variables, such as age, gender, education, occupation,
geographical region, and economic status, were associated with SHS [30].

As a critical predictor of SHS, screen-based media (SBM) has occupied a considerable
portion of young peoples’ discretionary leisure time [3]. The overuse of electronic devices
might be one of the underlying causes of SHS [31]. However, the results related to SHS
were mixed. According to the social causation hypothesis, unreasonable media use could
induce health problems since excessive or problematic media use increased the risk of
poor sleep quality, obesity, lower life satisfaction, and anxiety [32,33]. In addition, social
media provided a natural platform for social comparison, which led to more mental health
disorders [34]. For instance, more social media use was proved to be positively correlated
with weight dissatisfaction and poor body image, which resulted in lower self-esteem and
higher depressive symptoms [35]. Those active on Facebook tended to score higher in
terms of poor health status than those who used other social media platforms [2].

However, others have argued that individuals could significantly benefit from media
use, whether in terms of physical health or psychological health. The social compensation
hypothesis interprets that media use can compensate for what individuals lack in real
life, including social resources and support [36]. Primarily, individuals view online social
media as an attractive way to attain social support and social engagement which they lack
offline [37]. These online media are easy to access and anonymous, providing users with
a sense of connectedness and reducing feelings of isolation [38]. The new media enable
individuals and communities to acquire and maintain social capital. All these benefits
have a positive effect on mental health [39]. Besides, electronic or digital media have
become the most popular platform for accessing health information [40]. They play critical
roles in changing one’s attitudes toward health behaviors and persuading individuals to
participate in health protection [41]. Furthermore, health-related media use was positively
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linked to health literacy [42], as well as eHealth literacy [43], which in turn influenced
health behaviors and contributed to physical health [44].

1.3. The Current Study

Although prior studies have provided valuable knowledge to understand the relation-
ships between media use, obesity and SHS [32,45–47], several limitations still exist in the
body of scholarship. Firstly, most studies used cross-sectional data and demonstrated a
concurrent relationship between media use and obesity or SHS. They could not demon-
strate any causal effect over time [48]. Secondly, existing studies preferred to focus on a
single type of media use to explore its associations with obesity or SHS, such as television,
internet or social media, lacking a comparative perspective among different media [49–51].
Besides, most have focused on new media, ignoring traditional media which are still
relevant, especially for certain age groups. Thirdly, most studies were executed in devel-
oped countries. However, developing countries like China are experiencing severe obesity
and SHS problems [52] and encountering dramatic changes in media technologies in the
21st century.

Therefore, to gain a comprehensive and longitudinal view of the influence of media
use, it is necessary to test the time trend of the supposed causality between media use
and health status, as well as to consider the disparities between different media uses. The
current study aims to reveal the time changes in the associations of media use with obesity
and SHS from 2013 to 2017. Further, to compare the effects of different media use, we
divided the media genres into traditional media (newspaper, magazine, broadcast, and
television) and new media (internet and cellphone). Hence, the specific research questions
were proposed:

• What are time trends in the associations of media use with obesity (RQ1) and SHS
(RQ2) in the period 2013 to 2017?

• What are the differences in time trends between new media use and traditional media
use, separately, in their associations with obesity (RQ3) and SHS (RQ4)?

2. Materials and Methods

2.1. Data Collection

The data was drawn from the Chinese General Social Survey (CGSS) in 2013, 2015,
and 2017. The CGSS is a nationally presentative and continuous social survey project,
implemented on the Chinese mainland by the Renmin University of China and Hong
Kong University of Science and Technology annually since 2003. It has been broadly
considered as the Chinese counterpart of the General Social Survey (GSS) in the United
States. Using a stratified multi-stage probability proportionate to size (PPS) sampling
method, samples were drawn from households in all 31 provincial units in Mainland
China with three levels in each sampling frame: county or district, community, and
household. In a selected county (district), four community-level units (neighborhood
committees or village committees) were randomly selected. In a selected community-
level unit, 25 households were selected, and in each selected household one adult was
randomly selected for the survey [53,54]. CGSS is a household survey aimed at adults,
and adolescents under 18 years were excluded. All the questionnaires were completed by
face-to-face interview with the help of interviewers. 12,000, 10,968, and 12,582 sample cases
were collected from 480 villages and urban neighborhood communities from 140 residential
districts in 2013, 2015, and 2017, respectively. After excluding the missing answers, e.g.,
one participant who responded to the options “I don’t know” or declined to answer, or
in the case of an incomplete questionnaire, then the case was removed from the database.
Finally, 11,263, 10,383, and 12,367 respondents were retained in the samples for 2013, 2015,
and 2017, respectively. All the samples were pooled as the analysis database.
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2.2. Measures
2.2.1. Media Use

Media use was measured by the following question: “In the past year, how often did
you use the following media?” Media types consisted of newspaper, magazine, broadcast,
television, internet, and cellphone. The answers were independently rated as “never”,
“seldom”, “sometimes”, “often”, and “always”.

2.2.2. Obesity

Obesity was indicated by body mass index (BMI) that was calculated as weight/height2.
According to obesity criteria, the WHO defined overweight in adults as a BMI of 25.0–29.9 kg/m2

and obesity as a BMI of 30.0 kg/m2 or higher. However, accumulated evidence has consis-
tently supported the use of lower BMI cutoffs in Chinese than those in whites [55–57], and
the Working Group on Obesity in Asia also recommended BMI cutoffs of 24·0 kg/m2 to
define overweight and 28·0 kg/m2 to define obesity [58]. As proposed by Zhou (2002) [59]
for Chinese adults, the standard weight was defined as a BMI < 24 kg/m2, overweight as a
BMI of 24–27.9 kg/m2, and obesity as a BMI ≥ 28 kg/m2. Consequently, each respondent
was characterized as obese or not by the cut-off value of 28. The attribute of obesity was
marked as “yes” or “no”.

2.2.3. SHS

SHS was measured by three questions with self-defined items. According to the
“biological-psychological-social” medical model, SHS was defined as physical SHS (PS),
mental SHS (MS), and social SHS (SS) [28]. We selected the three most related questions
responding to the three facets. The first two questions were: “In the past four weeks, what
is the frequency of health problems affecting your work and other daily lives?” and “In the
past four weeks, how often did you feel depressed?” The answers were rated as “never
or seldom”, “occasionally”, “sometimes”, “often”, and “always”. The third question was,
“What is your current health status?” The answers were rated from 1 to 5, as “excellent”,
“good”, “fair”, “poor”, and “very poor”. All the answers were inversely coded.

According to prior studies’ outcomes for Cronbach [60] and Bland & Altman [61],
Cronbach’s alpha was used to investigate the internal consistency of the questionnaire,
and the alpha should be more than 0.7 to 0.8 for research purposes and at least be 0.90
for clinical purposes. In this study, the Cronbach’s alpha of SHS was 0.774 (α = 0.774),
indicating a better internal consistency for the constructed measurement items, which
enabled SHS to be measured reasonably. Finally, the summed score of the three questions
was marked as the measurement of SHS, and a higher score indicated a more severe SHS.

2.2.4. Covariates

Covariates included sociodemographic characteristics, such as gender (male/female),
age (years old), educational level (illiterate/primary school/middle school/high school/college
or bachelor’s degree and above), and physical activity (inversely coded as “never”, “several
times/year”, “several times/month”, “several times/week”, and “every day”). Hukou
(rural/urban) was included to control for the unobserved geographic characteristics of the
respondents’ residential location. In China, people are mainly divided into two groups
(agricultural hukou holders and non-agricultural hukou holders) based on their birthplace
and lineage. Generally, people with agricultural hukou live in rural areas with disadvan-
tages in terms of the economy, education, medical, housing, and other social resources. By
contrast, non-agricultural hukou holders who live in urban areas with more public and
social resources have a high quality of life. So agricultural hukou and non-agricultural
hukou are also called rural hukou and urban hukou [62]. Obesity was included in the
regression analysis of the association between media use and SHS, coded as “yes” or “no”.
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2.3. Statistical Analysis

Descriptive statistics were employed to describe the characteristics of sociodemo-
graphic indicators, media use, rate of obesity, and SHS. One-way ANOVA was used to
analyze the P-trend of each variable by period. Logistic regression models were applied to
estimate the associations between media use and obesity separately in 2013, 2015, and 2017.
The analysis results were presented as odds ratios (ORs) with 95% confidence intervals
(CIs), with all covariates being controlled. Multiple linear regression models were applied
to estimate the associations between media use and SHS separately in 2013, 2015, and 2017.
The results were presented as Beta and SE (standard Error) and controlled all covariates.
To test whether the associations between media use and obesity as well as SHS varied over
time, the cross-sections were pooled pairwise (e.g., 2013–2015, 2015–2017, and 2013–2017),
and dummy-coded as an independent variable separately. For example, in the period of
2013–2015, 2013 was coded “0” and 2015 was coded “1”. Interactions of media type with
the pairwise year were included separately in the adjusted models to determine whether
the association changed significantly over the study periods [63,64]. All statistical analyses
were conducted via SPSS 25.0. p-values were two-sided, and a value of less than 0.05 was
considered statistically significant.

3. Results

3.1. Characteristics of Demographics, Media Use, Rate of Obesity, and SHS

Table 1 shows the characteristics for demographics, media use, rate of obesity, and
SHS. In total, 34,468 respondents were included in this study, comprising 16,624 males and
17,844 females, and the average age was 49.95 years old (SD = 16.72). More than half of
the respondents had less educational experience (64.08%) and were rural Hukou (58.98%),
and all the respondents did physical activities (Mean = 2.34, SD = 1.52) at a relatively
low level. As for the frequency of media use, television was rated most among the six
media types, while it showed a decline and downward trend from 2013 to 2017, as well
as newspapers, magazines, and broadcast. However, internet and cellphone use had an
increasing tendency during the same time period. In addition, the prevalence of obesity
increased from 5.7% to 7.6%, and the score of SHS increased from 6.39 (SD = 2.61) to 6.84
(SD = 2.65) during 2013 to 2017. All changes between different years were statistically
significant.

3.2. Associations between Media Use and Obesity, and Time Changes

Table 2 shows the outcomes for logistic regression analysis on the associations between
media use and obesity after controlling for age, gender, education, and physical activity.
The associations varied by each time point. In 2013, television use was significantly and
positively associated with higher odds of obesity, while magazine use was associated with
decreasing odds of obesity. Broadcast and television were the significant predictors of
obesity in 2015, whereas cellphone use emerged as a new predictor of obesity in 2017.
Internet use was not significantly associated with obesity at any time point. These results
answered RQ1.

As for the time trend of the association of media use with obesity (see Table 3), the
significant interaction term indicates a time trend in pairwise time, but whether it is a
decreasing or increasing trend depended on the changes of the predictive effect of media
use on obesity during that period. Therefore, newspaper use showed a decreasing trend
in the association with obesity since the positively predictive effect declined from 2013 to
2017. Magazine use negatively predicted obesity in 2013, but the predictive effect declined
significantly during 2013–2015 and 2015–2017, which showed decreasing association trends
over those periods. Broadcast use exhibited a decreasing time trend in the association with
obesity during 2015–2017, because the positively predictive effect declined in that period.
The positively predictive effect of television use on obesity declined from 2013 to 2017, but
these changes were not significant. Therefore, there was no time trend in the association
between television use and obesity. Cellphone use positively predicted obesity in 2017
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and the predictive effect increased significantly during 2015–2017, thus the association
between cellphone use and obesity showed an increasing trend in that period. These results
answered RQ3.

Table 1. Descriptive characteristics of demographics, media use, obesity, and SHS in 2013, 2015, and 2017.

Total
(N = 34,468)

2013
(N = 11,263)

2015
(N = 10,838)

2017
(N = 12,367) P for Time

Change
M/N SD/% M/N SD/% M/N SD/% M/N SD/%

Male 16624 48.23% 5685 50.48% 5078 46.85% 5861 47.39%
Female 17844 51.77% 5578 49.52% 5760 53.15% 6506 52.61%
Age 49.95 16.72 48.56 16.37 50.32 16.88 50.90 16.80
Hukou

Rural 20297 58.89% 6739 59.83% 6862 63.31% 6696 54.14%
Urban 14171 41.11% 4524 40.17% 3976 36.69% 5671 45.86%

Education
Illiterate 22087 64.08% 7265 64.50% 7114 65.64% 7708 62.32%
Primary 6312 18.31% 2154 19.12% 1953 18.02% 2205 17.82%

Junior high Middle school 2730 7.92% 915 8.12% 781 7.21% 1034 8.36%
High school 2944 8.54% 837 7.43% 874 8.06% 1233 9.97%

College or Bachelor and
above 395 1.15% 92 0.82% 116 1.07% 187 1.51%

Physical activity 2.35 1.52 2.07 1.38 2.46 1.53 2.50 1.60
Newspaper 1.92 1.16 2.10 1.22 1.90 1.12 1.77 1.11 1–2, 1–3, 2–3
Magazine 1.71 0.95 1.83 1.01 1.72 0.94 1.61 0.90 1–2, 1–3, 2–3
Broadcast 1.80 1.11 1.86 1.12 1.80 1.09 1.75 1.11 1–2, 1–3, 2–3
Television 3.93 1.05 4.10 0.96 3.92 1.04 3.78 1.13 1–2, 1–3, 2–3
Internet 2.48 1.66 2.20 1.55 2.37 1.64 2.82 1.72 1–2, 1–3, 2–3
Cellphone 1.65 1.14 1.63 1.10 1.62 1.09 1.70 1.21 1–3, 2–3
Obesity (%) 6.5 5.7 6.2 7.6 1–3, 2–3
SHS 6.65 2.62 6.39 2.61 6.69 2.57 6.84 2.65 1–2, 1–3, 2–3

Note. N-Number, M-Mean, SD-Standard Deviation. Time change was tested by one-way analysis of variance (ANOVA) with
Tamhane’s T2 since the unequal variances. 1–2 = significant difference in mean between 2013 and 2015, 1–3 = significant difference
in mean between 2013 and 2015, 2–3 = significant difference in mean between 2013 and 2017. Detailed information is presented in
supplementary material, Table S1.

Table 2. Logistic regression analysis of associations between media use and obesity in 2013, 2015, and 2017.

2013 2015 2017

OR 95% CI OR 95% CI OR 95% CI

Gender 0.98 0.83 1.16 0.95 0.81 1.11 0.96 0.84 1.10
Age 1.00 0.99 1.01 0.99 * 0.99 1.00 1.00 1.00 1.01

Rural/Urban 1.60 *** 1.32 1.94 1.52 *** 1.26 1.83 1.30 ** 1.10 1.53
Illiterate Reference N/A Reference N/A Reference N/A
Primary 0.75 * 0.59 0.96 0.90 0.71 1.13 0.89 0.73 1.08

Middle school 0.73 0.51 1.04 0.62 * 0.43 0.90 0.80 0.61 1.06
High school 0.78 0.54 1.14 0.55 ** 0.37 0.81 0.48 *** 0.35 0.66

College or Bachelor and above 0.58 0.20 1.62 0.41 0.15 1.15 0.31 ** 0.13 0.72
Physical activity 1.02 0.96 1.09 1.04 0.98 1.10 1.02 0.98 1.07

Newspaper 1.06 0.97 1.16 0.97 0.87 1.07 0.95 0.87 1.03
Magazine 0.82 *** 0.73 0.91 0.96 0.85 1.08 1.00 0.90 1.11
Broadcast 1.07 1.00 1.16 1.09 * 1.01 1.18 0.99 0.92 1.05
Television 1.14 ** 1.04 1.25 1.08 * 1.00 1.17 1.04 0.97 1.10
Internet 1.03 0.95 1.11 0.97 0.90 1.05 1.02 0.96 1.08

Cellphone 1.04 0.96 1.14 0.97 0.89 1.06 1.08 ** 1.02 1.15
Constant 0.02 *** 0.05*** 0.06 ***

Note. Adjusted for gender, age, rural/urban, education, physical activity. * p < 0.05, ** p < 0.01, *** p < 0.001. N/A—not applicable.
OR—odds ratio, 95% CI—95% confidence interval.
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Table 3. Logistic regression analysis for the change in the associations between media use and obesity in 2013, 2015,
and 2017.

2013–2015 a 2015–2017 b 2013–2017 c

OR 95% CI OR 95% CI OR 95% CI

Gender 0.96 0.86 1.08 0.96 0.86 1.06 1.08 0.97 1.20
Age 1.00 0.99 1.00 1.00 0.99 1.00 1.00 1.00 1.01

Rural/Urban 1.56 *** 1.36 1.78 1.39 *** 1.23 1.57 1.15 * 1.02 1.30
Illiterate Reference N/A Reference N/A Reference N/A
Primary 0.82 * 0.69 0.97 0.89 0.76 1.03 0.94 0.80 1.10

Middle school 0.68 ** 0.52 0.87 0.73 ** 0.58 0.91 0.88 0.63 1.23
High school 0.66 ** 0.51 0.86 0.50 *** 0.39 0.64 0.98 0.69 1.39

College or Bachelor and above 0.48 * 0.23 1.00 0.34 *** 0.18 0.65 0.74 0.26 2.06
Physical activity 1.03 0.99 1.08 1.03 0.99 1.07 1.03 0.99 1.07

Newspaper 1.06 0.97 1.16 0.97 0.88 1.07 1.09 0.99 1.19
Magazine 0.81 *** 0.73 0.91 0.97 0.86 1.09 0.80 *** 0.72 0.90
Broadcast 1.08 * 1.00 1.16 1.09* 1.01 1.17 1.09 * 1.01 1.17
Television 1.14 ** 1.04 1.25 1.08 1.00 1.17 1.15 ** 1.05 1.26
Internet 1.02 0.95 1.09 1.00 0.94 1.07 1.03 0.95 1.11

Cellphone 1.04 0.95 1.13 0.98 0.89 1.06 1.04 0.95 1.13
Year (Time period) 1.52 0.86 2.69 2.00 ** 1.23 3.28 1.85 * 1.08 3.17
Newspaper*Year 0.90 0.79 1.03 0.98 0.87 1.12 0.84 ** 0.73 0.95
Magazine*Year 1.18 * 1.00 1.39 1.02 0.87 1.20 1.34 *** 1.14 1.58
Broadcast*Year 1.00 0.90 1.11 0.91 * 0.82 1.00 0.92 0.83 1.02
Television*Year 0.95 0.84 1.08 0.96 0.87 1.07 0.93 0.83 1.04
Internet*Year 0.97 0.89 1.05 1.00 0.93 1.07 0.98 0.90 1.07

Cellphone*Year 0.94 0.83 1.06 1.11 * 1.00 1.23 1.05 0.94 1.18
Constant 0.02 *** 0.04 *** 0.02 ***

Note. Adjusted for gender, age, rural/urban, education, physical activity, * p < 0.05, ** p < 0.01, *** p < 0.001. OR—odds ratio, 95% CI—95%
confidence interval. a: The pairwise time points are dummy-coded as the independent variable “Year”, 2013 was coded “0”and 2015 was
coded “1”. b: The pairwise time points are dummy-coded as the independent variable “Year”, 2015 was coded “0”and 2017 was coded “1”.
c: The pairwise time points are dummy-coded as the independent variable “Year”, 2013 was coded “0”and 2017 was coded “1”.

3.3. Associations between Media Use and SHS and Time Changes

Table 4 shows the outcomes of linear regression analysis on the associations between
media use and SHS after controlling for age, gender, education, physical activity, and
obesity. Compared to obesity, the findings were somewhat different; excluding broadcast,
the use of newspaper, television, and internet were negatively and significantly associated
with SHS, separately in 2013, 2015, and 2017. Broadcast use was positively and significantly
associated with SHS only in 2013. Magazine use was a significant predictor of SHS in
2017. Cellphone use was not a significant predictor of SHS at any time point. Thus, RQ2
was answered.

As for the time trend analysis of the association of media use and SHS (see Table 5),
compared with 2013 and 2015 the negatively predictive effect of newspaper use on SHS
increased significantly in 2017, thus the association of newspaper use and SHS had increas-
ing trends both in 2015–2017 and 2013–2017. On the contrary, the positively predictive
effect of broadcast use on SHS declined significantly during 2013–2015 and 2013–2017, so it
presented a decreasing trend in the association and SHS, and the trend was more significant
during 2013–2017. In addition, the negatively predictive effect of television use on SHS de-
clined rapidly from 2013 to 2017, and all the changes were significant among these periods,
which indicated decreasing trends in the associations between television use and SHS. By
contrast, internet use negatively predicted SHS in 2015 and the predictive effect increased
significantly in 2013–2015 and 2015–2017, thus the association between internet use and
SHS showed an increasing trend in 2015–2017 and 2013–2017. In addition, magazine and
cellphone use showed no significant time trend. These outcomes answered RQ4.
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Table 4. Hierarchical multiple regression analysis of associations between media use and SHS in 2013, 2015, and 2017.

2013 2015 2017
Model1 Model2 Model1 Model2 Model1 Model2

Beta Beta Beta Beta Beta Beta

Gender 0.05 *** 0.05 *** 0.07 *** 0.06 *** 0.06 *** 0.06 ***
Age 0.33 *** 0.30 *** 0.32 *** 0.27 *** 0.30 *** 0.24 ***

Rural/Urban −0.06 *** −0.04 *** −0.07 *** −0.04 *** −0.11 *** −0.07 ***
Illiterate Reference N/A Reference N/A Reference N/A
Primary −0.05 *** −0.03 * −0.06 *** −0.03 ** −0.06 *** −0.03 ***

Middle school −0.03 *** −0.01 −0.06 *** −0.03 ** −0.06 *** −0.03 ***
High school −0.03 ** −0.01 −0.03 *** 0.01 −0.04 *** −0.02 *

College or Bachelor and above −0.01 −0.01 −0.02 −0.01 −0.01 0.01
Obesity 0.01 0.01 0.03 *** 0.03 *** 0.04 *** 0.04 ***

Physical activity −0.09 ** −0.07 *** −0.11 *** −0.07 *** −0.15 *** −0.12 ***
Newspaper −0.06 *** −0.06 *** −0.07 ***
Magazine 0.01 −0.01 0.03 *
Broadcast 0.05 *** 0.01 0.01
Television −0.12 *** −0.10 *** −0.06 ***
Internet −0.08 *** −0.13 *** −0.16 ***

Cellphone 0.01 0.01 0.01
Adjusted R2 0.156 0.178 0.163 0.183 0.188 0.206
R2 change 0.156 0.023 0.164 0.020 0.189 0.018

F 231.569 *** 52.839 *** 235.457 *** 44.619 *** 319.696 *** 45.924 ***

Note. Adjusted for gender, age, rural/urban, education, physical activity, and obesity. * p < 0.05, ** p < 0.01, *** p < 0.001. N/A—
not applicable.

Table 5. Hierarchical multiple regression analysis for the change in associations between media use and SHS in 2013, 2015,
and 2017.

2013–2015 a 2015–2017 b 2013–2017 c

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Beta Beta Beta Beta Beta Beta Beta Beta Beta

Gender 0.06 *** 0.05 *** 0.05 *** 0.06 *** −0.06 *** 0.06 *** 0.06 *** 0.05 *** 0.05 ***
Age 0.33 *** 0.28 *** 0.28 *** 0.30 *** 0.25 *** 0.25 *** 0.32 *** 0.27 *** 0.27 ***

Rural/Urban −0.07 *** −0.04 *** −0.04 *** −0.08 *** −0.08 *** −0.08 *** −0.12 *** −0.08 *** −0.08 ***
Illiterate Reference N/A Reference N/A Reference N/A
Primary −0.06 *** −0.03 *** −0.03 *** −0.07 *** −0.03 *** −0.03 *** −0.06 *** −0.03 *** −0.03 ***

Middle school −0.04 *** −0.02 ** −0.02 ** −0.07 *** −0.03 *** −0.03 *** −0.05 *** −0.02 *** −0.02 ***
High school −0.03 *** −0.01 −0.01 −0.05 *** −0.01 * −0.01 −0.03 −0.02 * −0.01 *

College or Bachelor
and above −0.01 −0.01 −0.01 −0.02 ** −0.01 −0.01 −0.01 0.01 0.01

Obesity 0.02 ** 0.02 ** 0.02 ** 0.03 *** 0.03 *** 0.03 *** 0.02 *** 0.02 *** 0.02 ***
Physical activity −0.09 *** −0.07 *** −0.07 *** −0.14 *** −0.10 *** −0.10 *** −0.13 *** −0.10 *** −0.10 ***

Newspaper −0.06 *** −0.06 *** −0.06 *** −0.04 *** −0.07 *** −0.05 ***
Magazine 0.01 0.01 0.01 −0.01 0.01 0.01
Broadcast 0.03 *** 0.05 *** 0.01 0.02 * 0.02 *** 0.05 ***
Television −0.11 *** −0.13 *** −0.08 *** −0.10 *** −0.09 *** −0.13 ***
Internet −0.11 *** −0.10 *** −0.15 *** −0.13 *** −0.12 *** −0.10 ***

Cellphone 0.01 0.01 0.01 0.01 0.01 0.01
Year (Time period) 0.04 *** 0.01 −0.02 −0.03 0.03 ** −0.02
Newspaper*Year 0.01 −0.04 * −0.04 ***
Magazine*Year 0.01 0.03 0.03
Broadcast*Year −0.04 ** −0.03 −0.07 ***
Television*Year 0.07 ** 0.08 *** 0.15 ***
Internet*Year −0.02 −0.03 * −0.05 **

Cellphone*Year 0.01 −0.01 −0.01
Adjusted R2 0.160 0.183 0.183 0.175 0.194 0.195 0.177 0.195 0.198
R2 change 0.160 0.023 0.001 0.175 0.020 0.001 0.77 0.018 0.003

F 467.193 *** 89.975 *** 3.276 ** 547.582 *** 80.405 *** 5.116 *** 565.152 *** 73.536 *** 15.976 ***

Note. Adjusted for gender, age, rural/urban, education, physical activity, and obesity. * p < 0.05, ** p < 0.01, *** p < 0.001. N/A—not
applicable. a: The pairwise time points are dummy-coded as the independent variable “Year”, 2013 was coded “0”, and 2015 was coded “1”.
b: The pairwise time points are dummy-coded as the independent variable “Year”, 2015 was coded “0”, and 2017 was coded “1”. c: The
pairwise time points are dummy-coded as the independent variable “Year”, 2013 was coded “0”, and 2017 was coded “1”.
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4. Discussion

Obesity and SHS have been worldwide health issues as living environments and life
patterns have changed rapidly in the past decade [29,65]. The relationships between media
use and obesity as well as SHS have been well documented in previous work [35,66,67].
This study aimed to better understand the media use profiles of Chinese adults and the
changes in relationships between media use and obesity as well as SHS from a time trend
perspective, based on a longitudinal national sample conducted among Chinese adults in
2013, 2015, and 2017.

It revealed that the profiles of media use changed significantly in China from 2013 to
2017, and the changes varied depending on different media types. Traditional media, such
as newspapers, magazines, broadcast media and television use, presented a decreasing
trend, and newspapers and television declined more significantly. On the contrary, the use
frequency of new media (i.e., internet and cellphone) maintained a significantly increasing
trend from 2013 to 2017, and internet use increased more than cellphone use. These trends
were consistent with the dramatic progress in communication technologies and the rapid
growth in Chinese internet users. According to the 34–39th Statistical Report on Internet
Development in China, the number of Chinese internet users, internet penetration rate,
and cellphone users had increased by 22.2%, 10.9%, and 41.7%, respectively, from 2013 to
2017 [68,69]. However, the opposite development trends of traditional media use and new
media use did not mean that new media (i.e., internet and cellphone) had totally displaced
the role of traditional media (i.e., newspapers, magazines, broadcast, and television) in
China. Conversely, as our study revealed, television was still more popular than other
media types among Chinese adults during the period to 2017. Internet was ranked as
the second primary media use, behind television use. The possible explanation is that
most of the participants had an older age, and may be prone to use traditional media (i.e.,
television) more than new media (i.e., Internet or cellphone) due to their relatively low level
of media literacy or digital skills [70]. In addition, more than half of them were from rural
areas, and may have a lower level of education and household economy, which reduces
their chances of internet use [71].

Consistent with the time trend of new media use, both the prevalence of obesity and
the magnitude of SHS increased significantly from 2013 to 2017, indicating that a higher
proportion of Chinese adults suffered from overweight and health problems during that
period. These findings were in line with the latest research findings that the prevalence
of Chinese obesity changed from 3.1% (2.5–3.7) in 2004 to 8.1% (7.6–8.7) in 2018 [72], and
more than half of Chinese adults showed SHS symptoms [24]. Obesity and SHS have
become serious public health issues in China, but most current studies attribute the cause
to economic developments, socio-cultural norms, food systems, and environment [73]. This
study provided useful evidence for the assumption that media use was associated with
obesity and SHS and found a significant time trend in these associations from 2013 to 2017.

Broadcast, television, and cellphone use were positively associated with obesity at
different time points. Magazine use was negatively associated with obesity in 2013 while
the association disappeared in 2015 and 2017. These findings suggested that both traditional
and new media use might be risk factors for obesity. There was a significant time trend in the
associations between media use and obesity in the study periods, and traditional media and
new media demonstrated totally opposite tendencies. Traditional media use (i.e., magazine,
broadcast, and television) showed a declining tendency in association with obesity from
2013 to 2017, while new media use (i.e., cellphone) showed an increasing tendency during
that period. Cellphone use was increasingly important in predicting obesity and this trend
was more significant in 2017 (see Table 2). The underlying mechanism of how media use
influences obesity perhaps lies in the fact that media use increases sedentary possibilities
and decreases physical activities.

Cellphones are usually characterized by multiple functions and are easy to use for all
age groups compared with traditional media. Previous studies also found that cellphone
did indeed occupy a large amount of leisure time and even led to cellphone addiction
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(extensive use or overuse), which brought about obesity or other health problems [74,75].
Furthermore, cellphone use was the only significant predictor of obesity in 2017, empha-
sizing that the cellphone had displaced traditional media and had the leading risk factor
of obesity among the six media types in 2017. Nevertheless, it is worth mentioning that
television use showed a decreasing tendency in associations with obesity from 2013 to
2017, while the time trend was not significant. In other words, television use was a stable
predictor of obesity among the six media types over the study period. Therefore, television
may be a potential risk factor for obesity in the future years.

In the existing literature, media use was demonstrated as a beneficial factor for SHS
since it provided health information resources, social engagement, and social support [76].
In this study, newspaper use, television use, and internet use were negatively associated
with SHS at each time point. Meanwhile, there were significant trends in the associations
of media use with SHS, and the trends differed between media types.

Television showed a rapidly decreasing trend in the association with SHS from 2013
to 2017, while internet use showed a significant increasing trend. Further, the associations
between internet use and SHS were stronger than the associations between television use
and SHS in 2015 and 2017, indicating that internet use has displaced television and become
the strongest predictor of SHS since 2015. The possible explanation is that the internet
has been the leading platform and carrier of health information and has become more
popular for health information access than television in the digital age [40]. Free access
to vast online health information sources has created opportunities for empowerment,
information exchange, and engagement in health-promoting behaviors [77]. In addition,
online activities could promote well-being by reducing loneliness and facilitating social
engagement [78], which might contribute to fewer SHS symptoms. Therefore, the internet
should attach great importance to public health promotion in daily life. However, we
should not overlook the role of traditional media in health communication, especially
for television and newspapers, which were significant predictors of SHS in our study.
Traditional media are still valuable resources for providing health-related information for
people of low socio-economic status [79].

5. Limitations and Future Studies

The current study is one of the few that looked at time changes in the associations
of different media use with obesity and SHS. Although substantial outcomes were seen
when interpreting the results, the following limitations should be considered. Firstly,
the repeated cross-sectional data did not allow us to draw causal inferences about the
relationships between media use and obesity or SHS. Thus, a panel study and follow-up
data are recommended to assess the causal effect of media use on obesity or SHS in future.
Secondly, based on second-hand data, the measures of SHS were on a self-defined scale
with limited items, which failed to measure SHS comprehensively and precisely. Although
we made efforts to better match the three facets of SHS (i.e., physical SHS, mental SHS,
and social SHS), the measures were single item and participants may have responded
to the question more subjectively in terms of self-rated physical or psychological health,
which might underestimate or overestimate the accurate SHS level. Thus, our findings
for SHS need to be validated in future studies and a more comprehensive measure of
SHS, such as the Suboptimal Health Status Questionnaire-25 (SHSQ-25) [80], should be
employed. Thirdly, as the outcomes indicated, most of the respondents were middle-aged
or older adults, whose media use status differs from that of young adults or adolescents, or
conversely. It was unclear whether the findings could be expanded to adolescents or young
adults. Therefore, future studies on time trends of media use and health status should
cover more age groups and compare adolescents and older adults.

6. Conclusions

Based on three nationally representative samples of CGSS from 2013 to 2017 we tested
the time trend of media use and the associations with obesity and SHS. We considered
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the differences between traditional media use and new media use. The results confirmed
significant time trends between media use and obesity as well as SHS from 2013 to 2017.
Furthermore, our study highlighted that the trend differences between traditional media
and new media use were significant. Namely, traditional media use showed decreasing
trends, while new media displayed an increasing trend. These findings contribute to a
better understanding of how changing media use is impacting adults’ health status.
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Abstract: Introduction: Telehealth (TH) interventions with Chronic Obstructive Pulmonary Disease
(COPD) management were introduced in the literature more than 20 years ago with different labeling,
but there was no summary for the overall acceptance and dropout rates as well as associated variables.
Objective: This review aims to summarize the acceptance and dropout rates used in TH interventions
and identify to what extent clinical settings, sociodemographic factors, and intervention factors might
impact the overall acceptance and completion rates of TH interventions. Methods: We conducted
a systematic search up to April 2021 on CINAHL, PubMed, MEDLINE (Ovid), Cochrane, Web of
Sciences, and Embase to retrieve randomized and non-randomized control trials that provide TH
interventions alone or accompanied with other interventions to individuals with COPD. Results:
Twenty-seven studies met the inclusion criteria. Overall, the unweighted average of acceptance and
dropout rates for all included studies were 80% and 19%, respectively. A meta-analysis on the pooled
difference between the acceptance rates and dropout rates (weighted by the sample size) revealed a
significant difference in acceptance and dropout rates among all TH interventions 51% (95% CI 49%
to 52; p < 0.001) and 63% (95% CI 60% to 67; p < 0.001), respectively. Analysis revealed that acceptance
and dropout rates can be impacted by trial-related, sociodemographic, and intervention-related
variables. The most common reasons for dropouts were technical difficulties (33%), followed by
complicated system (31%). Conclusions: Current TH COPD interventions have a pooled acceptance
rate of 51%, but this is accompanied by a high dropout rate of 63%. Acceptance and dropout levels
in TH clinical trials can be affected by sociodemographic and intervention-related factors. This
knowledge enlightens designs for well-accepted future TH clinical trials. PROSPERO registration
number CRD4201707854.

Keywords: systematic review; meta-analysis; telehealth; chronic obstructive pulmonary disease; COPD

1. Introduction

More than 10% of the population worldwide aged 40 years or older are affected
by Chronic Obstructive Pulmonary Disease (COPD) [1]. In general, COPD is caused
by smoking cigarettes, which may lead to death or disability [2]. The prevalence of
COPD has increased dramatically over the past 30 years and is predicted to be the third-
leading cause of death by 2030 [1–3]. According to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD), COPD is a common, preventable, and treatable disease
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characterized by persistent airflow limitation that is usually progressive and associated
with enhanced chronic inflammatory responses to noxious gases in the airways and the
lungs [4]. Airflow limitations lead to worsening respiratory symptoms—exacerbation—
and, often, hospitalization [5,6]. COPD patients require an appropriate management
strategy that aims to minimize the frequency of hospitalizations [7].

Recently, research has focused on delivering COPD care via telehealth (TH) to offer
prompt access to healthcare and to increase the capacity of COPD care [8]. Published
systematic reviews have found that delivering COPD care using TH may provide a mech-
anism to encourage collaboration between patients and healthcare providers and may
enhance patient knowledge and skills in learning how to deal with their conditions [8,9].
Moreover, it facilitates regular monitoring of patients’ clinical data, such as vital signs, to
allow the healthcare team to detect any disease deterioration at an early stage before it
worsens and provide the necessary care to minimize hospital admissions due to respiratory
exacerbation [8,9]. Additionally, TH plays an important role in supporting public health
precautions and in mitigating the spread of infections such as COVID-19 [10]. Taking the
above into account, TH technologies have different applications to provide health care for
COPD patients [8,11].

Using TH in COPD management has been found feasible, valuable, and accessible, but
recent evidence shows variation regarding the completion of such interventions [11–13].
Previous clinical trials show that individuals with COPD have positive attitudes toward
participating in TH interventions [14–19]. However, evidence about the impact of TH on
health service outcomes or patient-related outcomes is still inconclusive [8,11]. This lack
of knowledge about the effectiveness of TH for COPD management might lead to poor
acceptance of TH interventions and/or a high dropout rate and withdrawal of participants
from TH studies [20]. While TH use is promising in COPD management, it is unclear which
factors are most associated with acceptance and dropout rates and whether these factors
are trial-related, sociodemographic, or intervention-related. Therefore, our review aims to
(1) assess the overall acceptance and dropout rates in TH clinical trials, (2) summarize the
reasons for dropouts from TH interventions, and (3) explore factors that have an impact on
overall acceptance and dropout rates.

2. Methods

The current systematic review was reported according to the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA) guidelines [21].

2.1. The Inclusion Criteria

1. Controlled clinical trials with or without randomization that examined TH interventions;
2. Studies that include patients diagnosed with COPD (defined as forced expiratory

volume in 1 s (FEV1)/forced vital capacity (FVC) ratio < 70%, FEV1 < 80% predicted);
3. The intervention included in this review is telehealth. As telehealth interventions have

different labels (e.g., telemonitoring, telerehabilitation) in the literature, no restrictions
have been applied on intervention labeling. TH interventions with different labels
which use internet or electronic health information and communication technologies
to support distance health care and/or exchange information between patients and
healthcare providers were included.

2.2. The Exclusion Criteria

1. Studies that targeted non-COPD individuals and/or a general population;
2. Trials published in a language other than English;
3. Studies that did not describe TH, including the content of the intervention, delivery

method, mode of administration, and frequency of data transmission;
4. Studies that did not report the number of COPD individuals who were approached,

consented, and dropped out.
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2.3. Search Strategy

An electronic search of the following databases up to April 2021 was undertaken to
retrieve relevant articles: CINAHL, PubMed, MEDLINE (Ovid), Cochrane Library, and
Embase. Medical subject headings, subject headings, and/or their combinations used in
all databases were as follows: telehealth, telecare, telehomecare, telemonitoring, telereha-
bilitation, telemedicine, home monitoring, digital monitoring, web-based interventions,
internet-based monitoring, e-health, chronic obstructive pulmonary disease, chronic ob-
structive lung disease, and COPD. The search was conducted in collaboration with the
health sciences librarian to ensure that our search included the appropriate and necessary
keywords in the review. Keywords and subject terms were customized in each database. A
full search strategy from all databases is provided in Supplementary materials Files S1–S10.

2.4. Search Procedures

The search was performed by the main reviewer (SA), after which all articles were
imported to EndNote version X9.3 (Clarivate, Philadelphia, PA, USA), and duplicates were
removed. All titles and abstracts were screened by two reviewers (SA and AA). A third
reviewer (YA) was available to resolve any persisting disagreements. A manual search of
the reference lists of relevant studies was undertaken to identify any potentially relevant
articles that were missed by the database search but that might be suitable for inclusion in
the review. A full-text review of all suitable articles was undertaken, and any study that
did not meet the inclusion criteria was excluded.

2.5. Data Extraction

A standardized Excel (Microsoft Corporation, Redmond, WA, USA) spreadsheet
was created for data extraction. The spreadsheet included information on acceptance
and dropout rates, as well as trial-related, sociodemographic, and intervention-related
factors. Trial-related factors include study place, study design, and recruitment location.
The sociodemographic factors include age, status at recruitment, and smoking history.
The intervention-related factors include the components of the intervention, methods of
delivery, display, frequency, and duration of the intervention. For any missing data, the
authors attempted to contact the corresponding publishers of the included studies and
completed the data extraction form.

The quality of the studies was defined based on the Cochrane risk-of-bias tool [22].
Data extraction and quality assessment were performed by two independent reviewers (SA
and AA). Any disagreement between reviewers (SA and AA) was resolved by consensus.

2.6. Data Analysis

The synthesized results in this review focused on the key outcomes of interest, in-
cluding the acceptance and dropout rates, reasons for dropout, and the possible factors
that might impact acceptance and dropout rates. The overall acceptance rate in this paper
refers to the number of participants who consented to participate divided by the number
of participants who were approached to participate in the trial [23,24], and dropout rate
refers to the total number of participants in each treatment arm who dropped out from the
clinical trial divided by the total number of the participants who consented to participate
in the clinical trial [23].

Possible explanatory trial-related factors, sociodemographic factors, and intervention-
related factors that might be associated with acceptance and dropout rates were identified
from the literature [25–30]. All factors were converted to binary data. Trial-related factors
are categorized as the place of the study (Europe vs. non-Europe), design of the study
(Randomized Control Trial vs. non-Randomized Control Trial), and the recruitment location
(one recruitment location vs. more than one). The sociodemographic factors are categorized
as age (<69 vs. ≥69), the status of COPD at recruitment (stable vs. non-stable), and
smoking history (yes vs. no). The intervention-related factors include components of the
intervention (one component vs. more than one), methods of delivery (internet-based vs.
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other), interactive display (interactive vs. not interactive), frequency (daily vs. weekly),
and the duration of the intervention (≤20 weeks vs. >20 weeks). Overall, acceptance and
dropout rates were computed for each category to compare factors. Continuous variables
are expressed as mean and standard deviations. Categorical variables are expressed as
frequency and percentages.

We performed an additional meta-analysis to estimate the pooled difference of accep-
tance and dropout rates between treatment arms. The estimation of rates weighted by the
sample size in each clinical trial, and data were pooled using random-effects models. We
expressed rates as proportions and 95% confidence intervals (CIs). Heterogeneity among
included studies was assessed using the I-square (I2) value. All statistical analyses in this
study were performed using STATA software (StataCorp, College Station, TX, USA). More
information about the statistical methods can be found in Supplementary File S1.

3. Results

3.1. Study Selection

The search identified a total of 1463 relevant articles, 885 after duplicates had been
excluded, with a total of 112 articles maintained for full-text review following the title and
abstract screening. The remaining articles were read in full, and 27 articles were considered
for the review, as shown in the PRISMA flow diagram (Figure 1).

Figure 1. PRISMA flow diagram showing studies related to the TH (telehealth) interventions in COPD (with Chronic
Obstructive Pulmonary Disease).

174



Int. J. Environ. Res. Public Health 2021, 18, 5230

3.2. Study Characteristics

The majority of the included studies were published in Europe (n = 18). Most of the
studies were RCT (n = 24). Twenty-one out of twenty-seven clinical trials recruited patients
from different clinical settings.

3.3. Patient Characteristics

The included trials [18,31–56] collectively comprised a total of 4157 COPD patients.
Participation age (mean ± standard deviation) was 65 ± 7.1 years. In the included stud-
ies, 18 studies out of 27 (65%) reported smoking history. COPD GOLD III was the
most common GOLD grade among included participants: 3118/4157 (75%). More de-
scriptive details about the studies and sociodemographic characteristics can be found in
Supplementary File S3.

3.4. TH Intervention Characteristics

A variety of TH interventions were provided in the included studies, either self-
management programs via telemonitoring or self-management programs combined with
other interventions (e.g., exercise, pulmonary rehabilitation, home care). Twenty of the
studies out of twenty-seven had more than one component. Fourteen of the studies out of
twenty-seven delivered interventions using web-based video or telephone calls. Eighteen
of the studies out of twenty-seven delivered the intervention with daily frequencies, while
nine studies out of twenty-seven delivered the intervention in weekly frequencies. The
duration of the intervention ranged from three weeks to forty-eight weeks. Sixteen of the
studies out of twenty-seven had an intervention of >20 weeks. The control groups, for
example, were provided with the usual care, written self-management, and written exercise
guidelines. More descriptive details about TH and control intervention characteristics can
be found in Supplementary Files S4 and S5.

3.5. Acceptance and Dropout Rates

The total number of individuals with COPD approached to participate in the included
clinical trial was 8085. Of these, 3928 patients were ineligible and excluded. A total of 4157
consented and enrolled in the clinical trials. Overall, the unweighted average of acceptance
and dropout rates for all included studies were 80% and 19%, respectively. The acceptance
and dropout rates in all included studies were stratified by factors, as provided in Table 1.

Table 1. Overall acceptance and dropout rates across included studies stratified by trial-related, sociodemographic, and
intervention-related factors (n = 27) a.

Factors
Number of Studies

(%)
TH Acceptance Rate

(Mean ± SD)
TH Dropout Rate

(Mean ± SD)

Trial-related factors
Place of the study

Europe 18 (65%) 82% ± 14% 19% ± 14%
Non-Europe 9 (35%) 76% ± 14% 19% ± 16%

Study design
Randomized clinical trial 24 (88%) 81% ± 14% 18% ± 14%

Non-Randomized clinical trial 3 (12%) 77% ± 18% 27% ± 14%

Recruitment location
One location 21 (78%) 79% ± 14% 20% ± 14%

More than one 6 (22%) 83% ± 19% 16% ± 19%

Sociodemographic factors
COPD status at recruitment

Stable 18 (65%) 80% ± 16% 19% ± 16%
Non-stable 9 (35%) 81% ± 12% 18% ± 12%
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Table 1. Cont.

Factors
Number of Studies

(%)
TH Acceptance Rate

(Mean ± SD)
TH Dropout Rate

(Mean ± SD)

Smoking history
Yes 18 (65%) 82% ±14% 17% ± 14%
No 9 (35%) 76% ±16% 23% ± 15%

Age
<69 5 (18%) 83% ± 10% 16% ± 10%
≥69 22(81%) 80% ± 15% 20% ± 15%

Intervention-related factors
Telehealth component (s)

One component 7 (25%) 78% ± 18% 21% ± 18%
More than one 20 (75%) 81% ± 13% 18% ± 13%

Methods of delivery
Web-based 14 (51%) 78% ± 17% 21% ± 17%

Other 13 (49%) 82% ± 13% 17% ± 13%

Interactive display
Interactive 14 (51%) 78% ± 17% 21% ± 17%

Not interactive 13 (49%) 83% ± 11% 16% ± 11%

Frequency of TH
Daily 18 (65%) 81% ± 16% 18% ± 16%

Weekly 9 (35%) 78% ± 12% 21% ± 12%

Duration of TH
20 weeks or less 11 (40%) 86% ± 12% 14% ± 12%

More than 20 weeks 16 (60%) 77% ± 12% 23% ± 12%
a Data presented as frequency and percentages or means and standard deviations.

3.6. Meta-Analysis

An additional meta-analysis of acceptance and dropout rates in all included studies
(weighted by the sample size) demonstrated significant differences in the acceptance and
dropout rates between TH and control groups. As shown in Table 2, the pooled difference
of the acceptance and dropout rates of TH interventions with corresponding 95% CIs was
51% (49% to 52%); p < 0.001 and 63% (60% to 67%); p < 0.001, respectively. More information
about the pooled acceptance and dropout rates in each treatment arm can be found in
Supplementary Files S6–S9.

Table 2. Overall weighted acceptance and dropout rates of all included studies (n = 27) a.

Overall Rates Weighted (Estimation) S.E. p-Value 95% CIs

Acceptance rate in TH 51% 0.2 <0.001 49% to 52%
Acceptance rate in control 49% 0.3 <0.001 48% to 51%

Dropout rate in TH 63% 0.2 <0.001 60% to 67%
Dropout rate in control 37% 0.3 <0.001 33% to 40%

a S.E: standard error.

3.7. Reasons for Dropout

After randomization or allocation to treatment, 1152 participants completed their TH
interventions, and 946 withdrew before the end of the study. Of these, only 513 participants
provided the reasons for study withdrawal. Reasons for dropout classified as TH-related
reasons and individual-related reasons are shown in Table 3.
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Table 3. Most common reasons for dropout from TH interventions (n = 513) a.

Dropout Reasons Number of Patients (%)

TH-related reasons
Technical difficulties 122 (24%)
Complicated system 117 (23%)

Time constraints 9 (2%)

Individual-related reasons
Hospital admission 138 (27%)

Deceased 68 (13%)
Not interested in continuing 45 (9%)

Moved from the study location 14 (3%)
a Data presented as frequency and percentage.

3.8. Quality Assessment

Quality assessment was performed using the Cochrane risk-of-bias assessment tool [22].
The studies included showed variation in their risk of bias, but most were limited by a lack
of blinding. A summary of our judgments on the potential risk of bias can be found in
Supplementary File S10.

4. Discussion

In the context of COPD, exploring the current acceptance and dropout rates of a
different form of TH intervention and its associated factors is a crucial objective in terms of
whether TH intervention is feasible or not; furthermore, these data have not been previously
pooled in forest plots to summarize the overall acceptance and dropout rates. Our findings
revealed that the overall average of acceptance and dropout rates was reasonable for
patients with COPD, considering the trial-related, sociodemographic, and intervention-
related factors. The findings indicated that 20% of the eligible participants were expected
to refuse the TH interventions, and once participants were allocated to TH interventions,
around 19% were expected to drop out and not complete the clinical trial. The weighted
acceptance rate was 51% in TH groups, suggesting that TH interventions were accepted
among people with COPD. Moreover, the dropout rate was higher in the TH intervention
groups versus control groups (63% vs. 37%). This finding was expected because most of
the dropout reasons from TH studies were TH intervention-related reasons. However, we
identified certain factors that have the potential to improve acceptance and reduce the
dropout rate of TH interventions with COPD.

In the context of clinical research on COPD, the acceptance rate was higher in mul-
ticenter short-term (<20 weeks) trials that were done in European countries. A possible
explanation is that advanced countries have good adoption and success rates of TH im-
plementations compared to low- and middle-class countries [57–59], but it could also be
due to other financial, organizational, and economic factors since large multicenter clinical
trials need considerable research funding, collaboration between clinical settings, qualified
researchers, and a large number of patients [57,60].

Moreover, a high acceptance rate in the studies that remotely monitored people with
COPD after hospital discharge has been observed. This is due to the benefits of TH
in detecting COPD deterioration in early stages and minimizing hospital readmission
due to exacerbations. Moreover, some evidence found that offering TH interventions
to people with COPD seems to be an opportunity to provide quality healthcare and to
minimize unnecessary hospitalization [61,62]. A patient’s smoking history was identified
as an additional explanatory factor to increase TH acceptability. Similar findings were
found by Watson et al. that recruiting smokers in TH interventions for less than 20 weeks
significantly increased the acceptance rate [63]. This result could be because these patients
have been chronic smokers for years, and smoking cessation interventions are not working
well for them. The increased participation of smokers with COPD in TH interventions
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could indicate that those patients are searching for more accessible smoking cessation
interventions [64].

Furthermore, the high acceptance rate of TH that provides several components (e.g.,
telemonitoring, tele-coaching, and self-management education) has been inspected. A
possible explanation is that these TH interventions provide more individual-based in-
terventions that meet the patient’s needs. There were similar findings in the literature
about using more approaches to address the patient’s needs (e.g., uptake pulmonary re-
habilitation), resulting in greater patient engagement and satisfaction [65]. Moreover, TH
interventions that provide daily monitoring through convenient methods (e.g., telephone
calls and text messages) had a high acceptance rate because they used a simple method of
communication [32].

Refusal to complete TH interventions is primarily attributed to the interventions
themselves [66,67]. It was noted that TH interventions with multiple components were
fraught with complexities and technical difficulties that have resulted in decreased treat-
ment sessions or even termination [18,32]. This could lead to participant dissatisfaction and,
ultimately, dropping out of the study. Essential steps at the designing and implementation
levels are needed to plan and enable more technical support during the delivery of TH
interventions [68]. Another possible explanation for dropout rates could be the discrepancy
between the patients’ expectations and their abilities to operate and use TH [69]. Most of
the studies did not provide training sessions for the participants; specifically, there were no
measurements of participants’ competency in using the technology or cognitive abilities
to use TH. Thus, attention must be paid to accommodating these factors in the design of
future TH interventions [70].

Telehealth application is important, and COPD management guidelines have sup-
ported its implementation [71–73]. Current systematic reviews provide a comprehensive
description and summary of the acceptance and dropout rates of different forms of TH
interventions for patients with COPD. Generally, TH interventions are acceptable among
the COPD population [11,20,23,24,67,68,74,75]. Nevertheless, methodological queries re-
main regarding the design of a more acceptable and feasible TH intervention, the best
strategy to provide TH interventions (individual vs. community), components of TH
interventions (solo vs. joint other treatments), technological aspects (classic vs. advanced),
and COPD phenotypes (stable vs. non-stable) that will obtain more benefits from TH inter-
ventions. This suggests that we need a more in-depth understanding of the acceptability
and feasibility of TH interventions developed for COPD patients, as well as an in-depth
understanding of the sociodemographic characteristics of the COPD population and their
cognitive abilities when we propose TH solutions [75]. Here, the high dropout rates in
TH interventions happened due to both intervention-related reasons and patient-related
reasons. An additional contribution of this review is to inform future clinical trials re-
garding the acceptance and dropout rates of existing TH trials in the context of COPD.
Moreover, this review will help researchers to identify the reasons that prevent individuals
with COPD from completing TH interventions, and it provides evidence to guide future
researchers in designing prospective TH clinical trials accordingly.

5. Limitations

Some limitations must be considered when attempting to interpret the results of the
current review. There was a lack of information and incomplete data across all included
studies, which impeded the possibility of exploring more variables that might influence
or be influenced by the acceptance and dropout rate. Moreover, there was considerable
variation in the quality of the included studies, which could limit the ability to generalize
the results of this review.

6. Conclusions

Current TH interventions with COPD have a pooled acceptance rate of 51%, but this
is accompanied by a high dropout rate of 63%. Acceptance and dropout levels in TH
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clinical trials may be affected by sociodemographic and intervention-related factors. Taken
together, continued efforts are needed to improve patients’ acceptance by understanding
and mitigating the issues contributing to the acceptance and dropout rates that would
support the preparation and establishment of effective and well-accepted TH interventions.
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Abstract: Coronavirus disease 2019 (COVID-19) has put hypertensive patients in densely populated
cities at increased risk. Nurse-coordinated home blood pressure telemonitoring (NC-HBPT) may
help address this. We screened studies published in English on three databases, from their inception
to 30 November 2020. The effects of NC-HBPT were compared with in-person treatment. Outcomes
included changes in blood pressure (BP) following the intervention and rate of BP target achievements
before and during COVID-19. Of the 1916 articles identified, 27 comparisons were included in this
review. In the intervention group, reductions of 5.731 mmHg (95% confidence interval: 4.120–7.341;
p < 0.001) in systolic blood pressure (SBP) and 2.342 mmHg (1.482–3.202; p < 0.001) in diastolic blood
pressure (DBP) were identified. The rate of target BP achievement was significant in the intervention
group (risk ratio, RR = 1.261, 1.154–1.378; p < 0.001). The effects of intervention over time showed
an SBP reduction of 3.000 mmHg (−5.999–11.999) before 2000 and 8.755 mmHg (5.177–12.334) in
2020. DBP reduced by 2.000 mmHg (−2.724–6.724) before 2000 and by 3.529 mmHg (1.221–5.838) in
2020. Analysis of the target BP ratio before 2010 (RR = 1.101, 1.013–1.198) and in 2020 (RR = 1.906,
1.462–2.487) suggested improved BP control during the pandemic. NC-HBPT more significantly
improves office blood pressure than UC among urban hypertensive patients.

Keywords: blood pressure; hypertension; COVID-19; nurse; coordination; telemonitoring; urban

1. Introduction

Essential hypertension is the primary modifiable risk factor for cardiovascular disease,
which is a leading cause of death according to the World Health Organization (WHO) [1].
Approximately 45% of American adults had elevated blood pressure in the 2017–2018
time period [2,3], but only 34% were being managed to bring the blood pressure down to
the recommended treatment level [4]. It has been reported that managing blood pressure
to remain within the recommended level reduced the incidence of stroke by 35–40%,
heart attack by 20–25%, and heart failure by more than 50% [5]. Moreover, the American
Heart Association/American College of Cardiology in 2017 and the European Society of
Hypertension/European Society of Cardiology in 2018 issued guidelines recommending
that the target blood pressure in hypertensive patients should be regulated more strictly
than recommended by previous guidelines [6,7]. Additionally, recent studies have reported
that essential hypertension is one of the most common comorbidities that cause lung
damage and mortality due to the coronavirus disease 2019 (COVID-19) [8,9]. Thus, strict
blood pressure management is crucial to reduce the incidence of cardiovascular disease
(CVD) in patients with risk factors.

Despite preventive measures such as hand washing, self-isolation, mask wearing,
and social distancing, COVID-19, which first emerged in Wuhan, China, spread rapidly
in high-income countries such as the United States, Spain, Germany, Italy, and Korea in
the early days of the pandemic [10]. Although the number of newly confirmed patients
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has been decreasing with the administration of the vaccine since December 2020 [11],
the COVID-19 pandemic is still ongoing. According to the WHO, as of April 2021, there
were approximately 1.6 billion cases of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)—the virus that causes COVID-19—infections worldwide, including 3 million
deaths [12]. However, with the exception of some countries, the global vaccination rate is
still too low (below 40%) [12]. In particular, in most countries in Africa, the Middle East,
and Southeast Asia, as of the end of April 2021, only approximately 10% of the population
had received at least one dose of a vaccine [12]. The drastic increase in demand for medical
care during the pandemic has exposed the limitations of traditional medical systems and is
adversely affecting the existing medical systems for non-communicable diseases (NCDs)
such as essential hypertension [13].

During infectious disease pandemics, a high frequency of direct contact between indi-
viduals in densely populated cities can increase the infection risk even in well-established
in-person medical infrastructures [14]. Thus, the need for treatment through non-face-to-
face interaction between doctors and patients is being emphasized more than ever before
in cities [15]. Home blood pressure telemonitoring (HBPT) is widely used as an alterna-
tive measure in the management of hypertensive patients and is known to be effective
in overcoming clinical inertia that may occur in face-to-face care settings [3,16–18]. In
addition, remote monitoring of home blood pressure is helpful in managing patients by
finding white-coat effects and masked hypertension that may be overlooked by doctors
in medical institutions [19,20]. Studies on the effectiveness of nurse-coordinated HBPT
(NC-HBPT) to prevent CVD attacks in hypertensive patients existed prior to the COVID-19
pandemic [21–25]. However, evidence on whether or not HBPT statistically enhances blood
pressure control by improving communication between patients and healthcare providers
has been mixed. Additionally, there is a paucity of literature indicating a solid basis for the
effectiveness of nurse-led remote monitoring in the avoidance of CVD.

A coordinator plays a vital role in remote monitoring in chronic diseases [21,26], and
nurses are core coordinators in the telemonitoring teams of medical institutions, working
either independently or as members of a team [27]. Nurses can provide more regular
follow-up, high-quality care, favorable health outcomes, and higher patient satisfaction,
all equivalent to that achieved by physicians [28]. A 2005 review recommended nurse-led
monitoring as an additional measure to support face-to-face therapy [29]. The literature
classifies ancillary interventions to help control blood pressure into one of six categories:
care led by health professionals, patient monitoring, education of medical professionals,
education of patients, organizational interventions, and appointment reminder systems.
Particularly, for the step-by-step care of hypertension that is not controlled by drug treat-
ment, nurse-led regular monitoring was emphasized. However, there is uncertainty about
the effectiveness of nurse-led remote monitoring in cities with established medical infras-
tructure and abundant medical resources. Although many studies have reported the nurses’
role in HBPT intervention [3,20,28–31], no study has systematically reviewed the effective-
ness of NC-HBPT in urban areas and, particularly, none have presented quantitative results
according to the temporal progress. Therefore, comprehensive comparative analysis of
outcome data of NC-HBPT performed in urban areas before and during the COVID-19
pandemic is important to overcome the challenges of NCD and communicable disease
(CD) management and to determine the future directions for remote monitoring policies.

This study hypothesizes that NC-HBPT in urban adult hypertensive patients is not
more effective than usual care (UC) in preventing CVD and that its effect over time would
be identical to that of UC. To derive robust results, we conducted a systematic review and
meta-analysis of randomized controlled trials (RCTs), which are placed at the top in the
hierarchy of evidence-based research. Previous meta-analyses investigated the effect of
HBPT in hypertensive patients [32,33], but none have integrated the results of NC-HBPT
for efficient implementation in cities yet. Thus, this study aimed to examine and compare
the following: mean changes in systolic blood pressure (SBP) and diastolic blood pressure
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(DBP); rates of achieving the target blood pressure after NC-HBPT; and effects of NC-HBPT
over time in an urban area.

2. Materials and Methods

2.1. Literature Search and Identification of Eligible Studies

We conducted a review in accordance with the guidelines summarized in the Cochrane
Handbook for Systematic Reviews of Interventions [34]. A protocol for this study has been
published in the PROSPERO [CRD42020222789], which is an international prospective
register of systematic reviews operated by the Center for Reviews and Dissemination at the
University of York [35]. Studies evaluating HBPT that were published between the date of
inception of the utilized databases and 30 November 2020, were identified. The electronic
databases we used included PubMed, EBSCOhost, and the Cochrane library (CENTRAL),
and the search was limited to studies published in peer-reviewed journals in English.
The related search keywords included “urban”, “hypertension”, “remote monitoring”,
“telemonitoring”, “telemedicine”, and “randomized controlled trials.” The adopted search
formula was constructed by combining free terms of relevant keywords and Medical
Subject Headings (MeSH) terms via truncation, Boolean operators, and phrasing. We first
searched in PubMed using this structured formula and sequentially performed additional
searches according to the syntax of each database (Appendix A).

All retrieved data were exported to EndNote X8.2 (Thomson Reuters, Philadelphia,
PA, USA). Titles and abstracts of each study were screened, and the main text was reviewed
as required. We searched for all meta-analyses conducted previously on the topic and
reviewed all primary studies and relevant references in those meta-analyses. To find grey
literature, we referred to related websites in the United States and Europe (e.g., OpenGrey:
http://opengrey.eu/ (accessed on 30 November 2020); Grey Literature Report: https://
www.greylit.org/ (accessed on 10 December 2020). To ensure objectivity and transparency
of the eligibility assessment, two of the authors (WSC and AYK) independently conducted
the literature search and arrived at a mutually-agreed selection of studies.

2.2. Inclusion and Exclusion Criteria

An intervention group was defined as one in which patients measured their blood
pressure on their own at home, reported the measurements to their doctors, and regularly
visited the medical institute for follow-up, and in which a coordinator—including a nurse
with or without other health care professionals—was involved in the process. As for nurses,
only situations where the registered nurse monitored the patient’s home blood pressure
using an automatic sphygmomanometer without face-to-face contact were included. All
the following actions were also included: consultation with the patient using a telephone
line, mobile phone, computer, or letter; education on the disease or intervention process;
execution of accompanying interventions such as a text message reminder service; and
sending information regarding the patient’s health status.

A control group was defined as one in which patients received routine in-person
examinations at the doctor’s office. Since NC-HBPT is not yet a standardized treatment
itself, none of the included studies provided an equivalent of NC-HBPT, and so no active
control groups were included in our analyses. Their ethnicity, level of income, and severity
of hypertension were not considered separately.

We included studies (1) involving patients with essential hypertension (SBP ≥ 130 mmHg,
DBP ≥ 80 mmHg) regardless of hypertension onset or history of pharmacotherapy; (2) in-
cluding patients who received treatment at an urban medical institution; (3) having an
intervention that was provided for ≥2 months; (4) utilizing a RCT design; and (5) involving
adults aged ≥17 years. The diagnostic criteria for hypertension in Europe are SBP ≥ 140
or DBP ≥ 90, which is higher than that in the US [7]. Thus, the diagnostic guideline
for hypertension published by the 2018 ACC/AHA associations [6], which has a wider
diagnostic range, was adopted in searching databases.
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However, we excluded studies (1) conducted in several regions with unclear study lo-
cations; (2) having a research location that was a mix of urban and rural areas; (3) involving
patients with acute CVD or stroke with a drastic change in blood pressure; (4) involving
women in the peripartum period; (5) having an intervention provided to patients in nursing
homes or care facilities; (6) having an intervention provided as part of another intervention
program for a different disease; (7) using a different intervention in the UC group; and
(8) utilizing a cluster- or cross-over RCT design. In this study, an “urban area” was defined
according to the administrative functions and population size.

2.3. Study Selection

A further search was conducted by reviewing the full-text manuscripts of studies
identified during the first round of screening and their reference lists. All articles related
to “coordinator” and “nurse” were additionally identified. Among the blinded RCTs that
regularly verified the effects of these two groups, those that reported changes in blood
pressure measurements before and after interventions were selected for data synthesis.

Two of the authors (NSK and HW) independently classified and excluded duplicate
studies and those that did not meet the inclusion criteria. The main body of potentially
valid studies was reviewed, and any disagreement between the two authors was resolved
by a senior author (WSC).

2.4. Outcomes

The primary outcome was the weighted mean difference (WMD) of office SBP and
DBP between the baseline and follow-up in the NC-HBPT and UC groups. The secondary
outcome was the rate of target blood pressure achievement.

2.5. Data Extraction and Coding

Two researchers (NSK and AYK) independently extracted data from the selected
primary studies. The data were coded in an electronic sheet using Comprehensive Meta-
Analysis Software Version 2.2.064 (CMA, Biostat, Englewood, NJ, USA). Patients’ age and
sex, duration of remote monitoring (months), accompanying interventions, intervention
pathway, the coordinator’s profession, and outcome data were extracted. When a single
article had different follow-up periods for the intervention or different sample sizes, or
compared two or more interventions [21,22,26,27,36–40], the results of each intervention
were classified as independent comparative studies. For missing or inaccurate data in the
primary research materials [27], we referred to journal websites or public trial registries
(e.g., the US National Institutes of Health ongoing trials register) or directly contacted the
authors. In cases where the standard deviation (SD) values for the mean changes were
not presented [38], the values were imputed by calculating the mean of individual studies
included in the review, and a sensitivity test was conducted to check for bias [40,41]. For
the one study that did not provide baseline data [36], the data from the first assessment and
the last follow-up were compared. In case of any disagreement between the researchers, a
third researcher (WSC) adjudicated.

2.6. Quality Assessment

Two researchers (NSK and HW) independently assessed the risk of bias using Re-
view Manager (RevMan, Version 5.4, Copenhagen: The Nordic Cochrane Center) by the
Cochrane Collaboration [42], evaluating the RCTs in terms of selection, performance, de-
tection, attrition, reporting biases, and other bias domains. A senior researcher (WCS)
resolved any disagreement between the two researchers.

2.7. Quantitative Data Synthesis

Two researchers (WSC and NSK) analyzed the coded data. A random effects model
(REM) was adopted because most of the primary studies were performed in different
research institutions or by different researchers.
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For computational options for data synthesis, WMD was set as a continuous variable
and relative risk (RR) as a dichotomous variable; the changes in the mean office SBP and
DBP of the NC-HBPT and UC groups before and after the intervention were extracted first.
Hedges’ g (g) was additionally calculated to determine the appropriateness of the effect
size. If the g-value converted from the WMD was at least 0.5, the effect size was deemed
appropriate for analysis [43]. RR was used to determine the rate of achieving the target
blood pressure and was calculated using the number of samples that reached the target
blood pressure during each follow-up period. All results are reported with 95% confidence
intervals (CIs), and CMA software was used for statistical analysis.

Overall statistics, including weighted values, were analyzed by combining indepen-
dent data. A χ2 test was used to assess differences between studies, and a p-value < 0.10 was
deemed statistically significant. Clinical heterogeneity was assessed using the Q statistic,
tau-square (τ2), and I2 statistic. Q statistic and τ2 interpreted the numerical values, and I2

was considered significant at ≥50% [43,44]. To determine the bias in each study, examine its
effect on the distribution of summary effect size, and detect outliers, a sensitivity analysis
using the “one study removed” method was conducted [45]. In addition, a cumulative
meta-analysis was performed to identify the chronological patterns of the effect size of
each study [41] (Appendix B).

After determining the effect size of each of the primary studies, their temporal changes
were analyzed, and the results before and during the COVID-19 pandemic were compared.

3. Results

3.1. Study Characteristics

In total, 1916 potentially relevant articles were initially identified from databases,
reference lists of each retrieved paper, and other electronic sources (Figure 1). Six datasets
were additionally acquired directly from the authors, and 423 duplicates were excluded.
The titles and abstracts of 1499 references were screened, and 1101 references were excluded
because they were deemed inappropriate for analysis. The full copies of the remaining
398 potentially eligible articles were scrutinized. Of these, 382 studies that did not meet
the aforementioned inclusion criteria—that is, studies with participants less than 17 years
of age (n = 19), no obtainable data (n = 183), no nurse-coordinated intervention (n = 86),
cluster or cross-over RCTs (n = 12), patients with life-threatening CVDs or stroke (n = 25),
studies not performed in an urban setting (n = 43), and studies that were part of a research
program for another disease (n = 14)—were excluded. A total of 27 individual comparisons
met the inclusion criteria and were selected as the final material for data synthesis.

In the meta-analysis, the mean length of NC-HBPT was 7.26 months, and the mean
age of participants was 61.35 years in the intervention group and 61.62 years in the control
group. Of the 27 comparisons, 20 were nurse alone-led cases [21–23,26,27,39–41,46–49],
and seven cases additionally involved experts from other fields [24,25,27,36,38]. The
characteristics of these studies are summarized in Table 1.

The medium of administering the intervention was mobile phones for 2 cases [39],
mobile-web for 5 cases [38,40,47], web-based for 5 cases [21,25,37], telephone for
14 cases [22–24,26,27,36,46,49], and telephone-linked computers for 1 case [48]. A city
was considered metropolitan if its population was at least one million; 11 cases were in
metropolitan cities [21–23,36,38,39,47,48], and 16 were in smaller cities.
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Figure 1. PRISMA flow diagram of the selection of studies included in the systematic review. Note. HBPT, home blood
pressure telemonitoring; RCT, randomized controlled trial; CVD, cardiovascular disease; CVA, cerebrovascular accident;
SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure.
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3.2. Assessment of Risk of Bias

The selection and performance processes for most trials were appropriate. In the case
of attrition or reporting bias domain, there were studies with an unclear or high risk of bias.
A primary study at a low risk of bias in at least four domains was deemed to be of high
quality [50], and 23 comparisons were identified as having a high risk of bias in fewer than
four domains, suggesting that the overall quality of the materials was relatively high.

Publication bias was assessed using the trim-and-fill method [51]. The point estimates
of SBP based on a funnel plot were as follows: WMD = 5.327 mmHg and g = 0.723
(0.445–1.002, p < 0.001); there were no trimmed studies (Figure 2). For DBP, g = 0.362
(0.222–0.503, p < 0.001), which represented a meaningful effect size (Figure 3). The funnel
plots of both SBP and DBP showed good visual symmetry, and there were no imputed
studies for SBP and DBP. Thus, it was concluded that the potential publication biases did
not affect the primary outcomes of the materials included in this study.

Figure 2. Funnel plot of systolic blood pressure by Hedges’ g (plot observed and imputed), random effects model. Notes.
Summary effect size (�); Summary effect size of imputed studies ( ); Individual studies (�).

Publication bias was also assessed for the rate of reaching the target office blood
pressure as a secondary outcome. The funnel plot showed good visual symmetry (Figure 4).
One study was imputed, but the difference in point estimates was not significant (observed
RR, 1.261, vs. adjusted RR, 1.240). Thus, the publication bias by the potentially unpublished
study did not affect the RR effect size.
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Figure 3. Funnel plot of diastolic blood pressure by Hedges’ g (plot observed and imputed), random effects model. Notes.
Summary effect size (�); Summary effect size of imputed studies ( ); Individual studies (�).

Figure 4. Funnel plot of rate of target blood pressure by log risk ratio (plot observed and imputed), random effects model.
Notes. Summary effect size (�); Imputed study (•); Summary effect size of imputed studies ( ); Individual studies (�).
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3.3. Primary Outcomes
3.3.1. SBP Changes by Nurse-Coordinated HBPT

Data were pooled from the 27 comparisons (16 studies) that included 2860 patients in
the NC-HBPT group and 2918 patients in the control group, comprising a total of 5778 pa-
tients in both groups [21–27,36–40,46–49]. A significant reduction in blood pressure was
observed in the nurse-led intervention group compared with the UC group (5.731 mmHg;
4.120–7.341; p < 0.001; Figure 5), and heterogeneity was significant among the studies
(I2 = 71.717%; p < 0.001). In the sensitivity test [45], the individual studies did not affect the
summary point estimates (WMD: 3.822–7.578 mmHg).

Figure 5. Difference in means of office systolic blood pressure changes by nurse-coordinated intervention. Notes. Point
estimate of individual study (•); Summary effect size ( ); SBP, systolic blood pressure; UC, usual care; NC-HBPT, nurse-
coordinated home blood pressure telemonitoring.

Changes in WMD over time were examined across four time frames. The SBP
reduction during time frame I (inception to 2000) was 3.000 mmHg (−5.999 to 11.999;
p = 0.514) [24]. SBP reductions of 5.150 mmHg (2.383–7.898; p < 0.001) and 4.990 mmHg
(2.565–7.415; p < 0.001) were observed in time frames II (2001–2010) [25–27,47,48] and III
(2011–2019) [21,23,33–35,43,46], respectively (Figure 6). A significant SBP reduction of
8.755 mmHg (5.177–12.334; p < 0.001) was observed in time frame IV (2020) [22,39,40], the
year in which the COVID-19 pandemic began.
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Figure 6. Difference in means of office systolic blood pressure changes over time. Notes. Point estimate of individual study
(•); Subgroup ( ); Summary effect size ( ); DBP, diastolic blood pressure; UC, usual care; NC-HBPT, nurse-coordinated
home blood pressure telemonitoring.

3.3.2. DBP Changes by Nurse-Led Coordination

The WMD analysis of DBP was possible using data pooled from 24 comparisons
(14 studies) [21–27,37–40,46–48], and data from 4928 patients (2445 from the NC-HBPT
group and 2483 from the UC group) were analyzed. There was a significant decrease
in blood pressure in the intervention group compared with the control (2.342 mmHg,
1.482–3.202; p < 0.001; Figure 7). Significant heterogeneity was observed between the
comparisons (I2 = 51.380%; p = 0.002). In the sensitivity test, individual studies did not
significantly alter the summary effect size (WMD: 1.343–3.359 mmHg).
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Figure 7. Difference in means of office diastolic blood pressure changes by nurse-coordinated intervention. Notes. Point
estimate of individual study (•); Summary effect size ( ); DBP, diastolic blood pressure; UC, usual care; NC-HBPT, nurse-
coordinated home blood pressure telemonitoring.

The WMD of DBP in the NC-HBPT group was 2.000 mmHg (−2.724 to 6.724; p = 0.407)
in time frame I [24], 1.947 mmHg (0.524–3.370; p = 0.007) in time frame II [25–27,47,48],
2.327 mmHg (0.958–3.695; p < 0.001) in time frame III [21,23,37,38,46], and 3.529 mmHg
(1.221–5.838; p = 0.003) in time frame IV [22,39,40], suggesting that the effect of the inter-
vention was statistically greater closer to the COVID-19 outbreak period (Figure 8).
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Figure 8. Difference in means of office diastolic blood pressure changes over time. Notes. Summary effect size ( ); Point esti-
mate of individual study (•); Subgroup ( ); UC, usual care; NC-HBPT, nurse-coordinated home blood pressure telemonitoring.

3.4. Secondary Outcomes

Rate of Reaching the Target Office Blood Pressure

Using 18 available comparisons (6 studies) [21–23,27,37,38], we calculated the rate of
reaching the target office blood pressure in the NC-HBPT group. Data from 4078 patients
(2021 from the intervention group and 2057 from the UC group) showed that the rate of
reaching the target office blood pressure was significantly higher in the intervention group
than in the UC group (RR 1.261, 1.154–1.378; p < 0.001). Heterogeneity between the studies
was substantial (I2 = 51.6%). In the sensitivity test, study removal did not have a significant
effect on the summary effect size (p < 0.001; range: 1.133–1.399).

Changes in the rate of reaching the target blood pressure over time were analyzed by
combining the data obtained after the year 2000. RR values of 1.101 (1.013–1.198; p = 0.024),
1.400 (1.279–1.534; p < 0.001), and 1.906 (1.462–2.487; p < 0.001) were found for time frames
II [27], III [21,23,37,38], and IV [22], respectively, showing a clear improvement rate.

3.5. Subgroup Analysis
3.5.1. Size of City

Cities were classified based on their population size, where small- to medium-sized
cities had fewer than 1 million residents, and large cities had more than 1 million residents.
In small to medium cities (n = 16; participants = 3713) [18,21,24–27,37,40,49], the decrease
in SBP by NC-HBPT was 4.134 mmHg (2.275–5.992, p < 0.001; I2 = 7.934), while SBP
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decreased by 8.355 mmHg (5.937–10.773, p < 0.001; I2 = 82.533) in large cities (n = 11;
participants = 2069), compared with the UC group [22,23,36,38,39,47,48] (Appendix C).

3.5.2. Setting

When groups were classified according to the setting in which the study was con-
ducted, the reduction in SBP due to NC-HBPT in primary care clinics (n = 5; partici-
pants = 1741) was 3.793 mmHg (0.450–7.136, p = 0.026; I2 = 0.000) [27,46,48],
4.353 mmHg (1.877–6.829, p = 0.001; I2 = 34.921) in community health centers (n = 9;
participants = 1704) [21,26,38,40], and 7.781 mmHg of SBP (1.375–5.483, p < 0.001; I2 = 79.627)
in hospitals (n = 13; participants = 2337) compared with the UC group [22–25,36,37,39,47,49].

3.5.3. Duration

For the full duration of NC-HBPT, a total of 5278 people (NC-HBPT group = 2612 vs.
UC = 2666) were analyzed. The WMD of SBP was consistently decreased throughout the inter-
vention, by 6.694 mmHg after 3 months (3.644–9.744, p < 0.001; I2 = 72.511) [21,22,26,38–40,47],
6.608 mmHg after 6 months (3.777–9.444, p < 0.001; I2 = 85.761) [21,22,26,37–39,41,50], and
3.573 mmHg at 12 months of intervention (0.796–6.349, p = 0.012; I2 = 12.877) compared
with the UC group [24,25,27,36,37,46,48].

3.5.4. Coordinator’s Profession

A total of 4398 patients were included in the analysis to derive the effectiveness of
the nurse-only interventions (n = 20). The decrease in WMD of SBP by nurse alone was
6.132 mmHg (4.262–8.002, p < 0.001; I2 = 78.074) [21,22,26,27,37,39,40,46–49]. Cases where
nurses collaborated with other professionals (n = 7) included a total of 1384 people and
showed a decrease in SBP of 4.465 mmHg (1.122–7.807, p = 0.009; I2 = 75.373) [24,25,27,36,38].
When classified according to the professions nurses collaborated with, SBP decreased
by 2.399 mmHg (−3571–8.369, I2 = 0.000) for nutritionists, 3.000 mmHg (−8.682–14.682,
I2 = 0.000) for lifestyle educators, and 3.000 mmHg (−6.300–12.300, I2 = 34.534) for commu-
nity health workers compared with UC. When the collaboration was with a doctor, SBP
was reduced by 6.626 mmHg (1.599–11.652, I2 = 67.129) compared with the control group.

3.5.5. Medically Underserved Area

The effect in medically underserved areas reported in each primary study (partici-
pants = 5278) was analyzed. In underserved areas (n = 10; participants = 2852), the decrease
in SBP was 5.100 mmHg (2.484–7.717, p < 0.001; I2 = 49.707) [23,24,26,37,40,48], whereas
SBP was reduced by 6.150 mmHg (4.041–8.259, p < 0.001) in non-marginalized areas (n = 17;
participants = 2930) [21,22,25,27,36,38,39,46,47,49]. In the latter areas, the heterogeneity
was substantial (I2 = 78.192).

4. Discussion

This study assessed the effectiveness of NC-HBPT in patients with hypertension, a
common NCD, in an urban setting. If remote medical services are defined as delivering
patients’ biological information and managing diseases using information and commu-
nications technology (ICT) [52], NC-HBPT can be considered a safe, effective, and timely
intervention in the current pandemic situation, which has drastically increased the demand
for medical resources, in addition to social measures to prevent the spread of COVID-
19 [53].

In this meta-analysis, NC-HBPT achieved an SBP reduction of 5.731 mmHg (4.120–7.341,
p < 0.001) at an average of 7.26 months. A large-scale meta-analysis using individ-
ual patient data showed that an SBP reduction of 4 mmHg can reduce the CVD inci-
dence to 10 events/1000 cases in hypertensive patients with a moderate 5-year CVD risk
(11–15%) [54]. A previous meta-analysis examining the effects of HBPT in the same set-
ting without consideration of coordinators reported an SBP reduction of 3.482 mmHg
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(2.459–4.505, p < 0.001) [55]. Thus, the increased effect of NC-HPBT in preventing CVD can
be considered clinically significant.

When examining the effect of NC-HBPT over time, SBP was relatively low at the
beginning of the intervention but increased by 3.000 mmHg (−5.999–11.999, p = 0.514),
and the maximum reduction of 8.755 mmHg (5.177–12.334, p < 0.001) was achieved in
2020, when the pandemic began. Although the number of studies included in time frame
I is insufficient and lacks significance, the data cannot be completely ignored, as the
aforementioned trend undeniably exists based on the comparison of time frame II values
(5.140 mmHg, 2.383–7.898, p < 0.001) with those in time frames III and IV. Greater SBP
reduction was achieved by NC-HBTP over time. Considering the preference for non-face-
to-face contact in 2020 and 2021 due to the COVID-19 pandemic and the increased demand
for remote medical services, it can be extrapolated from our results that an increase in the
potential effectiveness of remote medical services with nurse coordination is possible.

Based on evidence from previous literature suggesting that NC-HBPT is effective [3,20],
we examined the effect of a nurse-alone intervention through 20 comparisons [21–23,26,
27,37,39,40,46–49]. HBPT coordinated by a nurse alone achieved an SBP reduction of
6.132 mmHg (4.262–8.002, p < 0.001), which was not inferior to the mean reduction of
interventions by all coordinators (5.731 mmHg). Moreover, compared with NC-HBPT addi-
tionally coordinated by an expert from another field, HBPT was even more effective when
a physician was involved in the intervention (n = 3; 6.626 mmHg, 1.599–11.652) [27,38].
HBPT showed limited effectiveness when coordinated by community health workers
(3.000 mmHg, −6.300–12.300) [24], nutritionists (2.399 mmHg, −3.571–8.369) [36], or
lifestyle educators (3.000 mmHg, −8.682–14.682) [25].

We also found that NC-HBPT was associated with a larger reduction in DBP (2.342 mmHg,
1.482–3.201, p < 0.001) than HBPT in the same setting but without consideration of co-
ordinators (1.638 mmHg, 1.084–2.192, p < 0.001) [55]. Similar patterns were observed in
DBP and SBP changes over time. A higher reduction in DBP of 3.529 mmHg (1.221–5.838,
p = 0.003) was observed in time frame IV [22,39,40] than in time frame II (1.947 mmHg,
0.524–3.370; p = 0.007) [25–27,47,48].

HBPT coordinated by a nurse alone achieved a DBP reduction of 2.389 mmHg
(1.393–3.384, p < 0.001) [21–24,26,27,37,39,40,47–49], and additional coordination by a doc-
tor achieved a DBP reduction of 2.440 mmHg (−0.166–5.047, p = 0.066) [26,38], showing a
significantly greater DBP reduction when HBPT is additionally coordinated by experts from
other specific fields than in NC-HBPT [24–26,38]. Although the reason for the differences
in blood pressure reductions according to the profession of the additional coordinator
is unclear, it may have to do with social and organizational factors, the coordinator’s
level of medical knowledge and experience, and similarity in the education received by
the coordinators [56,57]. However, since the number of cases in which NC-HBPT was
coordinated by experts from other fields was small and the results were not statistically
significant, further research is needed to more accurately determine the validity of the
effect of the intervention.

Palmas et al. (2006) reported that a lack of awareness of the benefits of remote
medical technologies and the burden of using these technologies have contributed to
the low expectations for remote medical services in urban areas [58]. However, the high
percentage of hypertensive patients who are highly susceptible to COVID-19 and the
environmental factors that are found in densely populated cities contribute to excessive
medical demands that cannot be handled by traditional medical systems [59]. Therefore,
the importance of remote monitoring technology as a means to efficiently provide medical
services with limited resources is being increasingly emphasized. To the best of our
knowledge, this is the first meta-analysis to examine the effect of NC-HBPT on urban
hypertensive patients over time. We have derived meaningful results regarding the benefits
of nurse-coordinated interventions.

In this study, the heterogeneity of the summary effect sizes was found to be substantial.
Specifically, the I2 for SBP and DBP were 71.717% (p < 0.001) and 51.380% (p = 0.002),
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respectively. Thus, the authors applied a random effects model to the analysis, which did
not completely remove the heterogeneity. Therefore, subgroup analysis was performed to
assess the causes of the heterogeneity, and several moderators were explored that revealed
clinical implications, along with evaluation of heterogeneity.

Despite selecting well-founded blinded RCTs through a transparent and systematic
process and deriving solid and integrated results for the primary outcomes without pub-
lication biases, our study has some limitations. First, an extensive literature search was
conducted on reliable and relevant databases using a structured formula, but the number of
studies included was low. By building a more precise search formula, the reliability of our
results could be improved. Second, since each time frame did not contain an equal number
of comparisons, the analysis results for different periods were not based on the same
number of studies. Including as many studies as possible, with an equal number of studies
per time frame, can overcome this limitation. Third, while the researchers reasonably set
the duration of each time frame to 9 and 10 years according to the technological changes
and historical events to explore temporal patterns of outcomes of NC-HBPT, the distinction
between each time frame may not have been clear. Thus, it may be necessary to set the
time frames based on the turning points of ICT development to increase the precision of
the findings. Lastly, for studies that compared interventions with different coordinators or
lengths of follow-up, each comparison was counted as an independent primary study, but
there were cases where multiple comparisons were included in one study. Although there
was substantial heterogeneity between each comparison, and no statistical errors were
observed, there may be a lack of optimal scientific robustness due to the methodological
limitations of a random effects model. This limitation can also be overcome by updating
the results based on a larger number of studies.

5. Conclusions

This study revealed that NC-HBPT for urban hypertensive patients can deliver clini-
cally and statistically good BP reduction in terms of avoiding CVD outbreak when com-
pared with UC. Our findings may have meaningful implications for policymakers in urban
areas that are planning to introduce remote monitoring systems or in areas with inefficient
telemedicine systems. However, some included studies in this analysis lack quality. Thus,
although the evidence for the benefit of NC-HBPT was found in this review, further re-
search is necessary on the nurses’ roles as coordinators. Additionally, future work must
consider the effect of multiple variables on NC-HBPT for more efficient implementation of
the intervention system in urban areas.
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Appendix A. Searching Formula

(((((((“Hypertension”[Mesh]) OR ((hypertensi*) OR high blood pressure))) AND
((((((“Urban Population”[Mesh]) OR “Urban Health”[Mesh]) OR “Urban Health Services”
[Mesh]) OR “Cities”[Mesh])) OR ((((urban*) OR city) OR cities) OR central cit*)))) AND
(((((“Telemedicine”[Mesh]) OR “Telemetry”[Mesh]) OR “Blood Pressure Monitoring, Am-
bulatory”[Mesh])) OR (((((((((((telemedicine) OR telemetry) OR telenurs*) OR telemonitor*)
OR eHealth) OR telehealth) OR remote monitor*) OR technology) OR telephone) OR
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smartphone) OR internet)))) AND (((((((((randomised controlled trial) OR randomized
controlled) OR controlled clinical trial)) OR ((((((((randomised[Title/Abstract]) OR ran-
domized[Title/Abstract]) OR placebo[Title/Abstract]) OR drug therapy[Title/Abstract])
OR groups[Title/Abstract]) OR clinical trials as topic[Title/Abstract]) OR randomly[Title/
Abstract]) OR trial[Title/Abstract]))) NOT cluster randomized controlled trials)) NOT cross
over study)

Appendix B. Cumulative Meta-Analysis Presenting the Summative Effect at Each

Time Point

Figure A1. Cumulative meta-analysis presenting the summative effect at each time point. Note. SBP, systolic blood pressure;
UC, usual care; NC-HBPT, nurse-coordinated home blood pressure telemonitoring; Summary effect size ( ); Point estimate
of individual study (•).
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Appendix C. Subgroup Analysis

Table A1. Subgroup analysis.

Category Number of Studies
Summary WMD of

SBP, mmHg (95% CI)
Heterogeneity, I2 (%)

by FEM
p-Value of I2

Overall 27 5731 71.717 p < 0.001

City size (population)

Under 1 million 16 4.134 (2.275–5.992) 7.934 p = 0.063

Over 1 million 11 8.355 (5.937–10.773) 82.533 p < 0.001

Setting

Primary care clinic 5 3.793 (0.450–7.136) 0.000 p = 0.086

Community health
center 9 4.353 (1.877–6.829) 34.921 p = 0.039

Hospital 13 7.781 (5.483–10.079) 79.627 p < 0.001

Duration (month)

3 or less 8 6.694 (3.644–9.744) 72.511 p = 0.001

6 8 6.608 (3.771–9.444) 85.761 p < 0.001

12 9 3.573 (0.796–6.349) 12.877 P = 0.042

Medically underserved
area

Not underserved 17 6.150 (4.041–8.259) 78.192 p < 0.001

Underserved 10 4.424 (2.484–7.717) 49.707 p = 0.036

Collaboration with
other professionals

No (Nurse-alone) 20 6.132 78.074 p < 0.001

Yes 7 4.465 75.373 p = 0.633

Note. WMD, weighted mean difference; SBP, systolic blood pressure; CI, confidence interval; FEM, fixed effect model.
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Abstract: Substance use during pregnancy is associated with adverse pregnancy and neonatal
outcomes; eHealth interventions offer a potential accessible treatment option. The objective of this
systematic review and meta-analysis was to evaluate the effectiveness of eHealth interventions for
the treatment of substance use during pregnancy. A comprehensive search of PsycINFO, Medline,
CINAHL, Cochrane and Embase databases was conducted from May 2020 to April 2021. The protocol
for this study was registered with Prospero (CRD42020205186) through the University of York Centre
for Reviews and Dissemination. Two independent reviewers completed screening, data extraction,
and quality assessment. RCTs were included if they reported: (a) administration of an eHealth
intervention for (b) substance use outcomes, among (c) pregnant individuals. Comprehensive
Meta-Analysis Software (CMA) was used to calculate pooled effect sizes (Odds Ratio) to determine
the effect of eHealth interventions on substance use outcomes. Six studies were identified with
substance use outcomes that included: smoking (n = 3), alcohol (n = 2), and other (n = 1). eHealth
interventions were delivered through the internet (n = 1), computer (n = 3), telephone (n = 1), and text
(n = 1). Results suggested that eHealth interventions significantly reduced substance use in pregnant
individuals compared to controls (OR = 1.33, 95% CI = 1.06 to 1.65, p = 0.013). eHealth interventions
offer a promising and accessible treatment option to reduce substance use during pregnancy. This
work was supported by the generous donors of the Alberta Children’s Hospital Foundation, the
Canadian Child Health Clinician Scientist Program (CCHCSP), the Canadian Institute of Health
Research and the Fonds de Recherche du Québec—Santé.

Keywords: pregnancy; substance-related disorders; randomized controlled trials; smoking; alcohol;
cannabis; drug use; internet intervention; telemedicine; digital intervention

1. Introduction

Heavy substance use is associated with serious physical and psychological conse-
quences [1]. The risk of developing a substance use disorder is heightened during repro-
ductive years [2] and substance use is prevalent during pregnancy. 11–15% of pregnant
individuals reporting use of alcohol, tobacco, cannabis and/or illicit substances [3–5]. The
actual prevalence may be higher, as stigma and judgement may cause some pregnant
people to be hesitant to report substance use [6].

Heavy substance use in pregnancy has serious short and long-term consequences,
including elevated risk of miscarriage [7], low birthweight [8], infant mortality [9], and
sudden infant death syndrome [10]. Long term outcomes for children exposed to sub-
stances in-utero vary [11]. For example, prenatal cannabis use has been linked to reduced
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attention and executive functioning skills, poor academic achievement, and increased
behavioural problems [12]. Prenatal drinking has been linked to multiple long-term effects
including cognitive and behavioural issues [13], executive functioning deficits [14], and
poor psychosocial outcomes [15].

Given the high prevalence of substance use in pregnancy and its serious associated
harms, it is imperative that pregnant individuals receive access to evidence-based supports.
Despite results which have shown the effectiveness of psychological interventions in treat-
ing substance abuse, the literature has consistently found that in the general population,
people often do not seek addiction and mental health services [16]. Potential obstacles
to treatment include limited resources, time conflicts, and stigma [17–19]. Pregnant in-
dividuals, especially individuals belonging to marginalized ethnic and socioeconomic
groups, are also more likely to be experience arrest, prosecution, conviction and/or child
removal related to substance use disclosure, contributing to increased hesitancy to seek
help [20]. Concerns about separation from family, as well as a lack of childcare are also
known treatment barriers for pregnant individuals who use substances [21].

eHealth is an emerging field that is attracting attention for a variety of mental health
conditions. eHealth focuses on the delivery of health services and information through
web-based programs, remote monitoring, teleconsultation, and mobile device-supported
care. eHealth is a potential avenue to address substance use treatment barriers in preg-
nancy [22], particularly during COVID-19, which has disrupted a number of face-to-face
psychotherapy services. Beyond COVID-19, eHealth initiatives have the potential for broad
scale health promotion for substance use [23]. eHealth is accessible, which may make it
more appealing to those in remote locations. Additionally, it is cost-effective, and can be
flexibly incorporated into one’s schedule [24]. Given the accessible nature of eHealth inter-
ventions, some pregnant individuals may prefer to use eHealth interventions as opposed
to traditional face to face treatment. Treatment preference is important to consider because
matching patients to their treatment preferences has been shown to result in greater reduc-
tion of substance use behaviours [25]. Moreover, patient centered care (PCC) is one of the
techniques that has been recommended to improve the quality of substance use disorder
treatment—and a key aspect of patient centered care is shared decision making [26].

A number of meta-analyses of eHealth interventions for treatment of substance use
disorders in the general population have been conducted, with promising results [27,28];
however, the literature in for eHealth interventions treating substance use in pregnancy
has yet to be integrated as a review.

Accordingly, the primary objective of this systematic review and meta-analysis was to
evaluate the effectiveness of randomized controlled trials (RCTs) on eHealth interventions
delivered during pregnancy with the goal of reducing substance use, where substance use
was defined broadly to include any kind of reported alcohol, tobacco, or other drugs. This
definition, which includes a variety of substances at varying levels of use was justified
by guidelines suggesting that all substance use should be avoided during pregnancy [29].
Substance use was measured by self-reported and objective reports of abstinence.

2. Materials and Methods

Methods outlined by the Cochrane Collaboration’s Handbook [30] and the standards
set by Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) were
used [31,32]. The protocol was registered with Prospero (CRD42020205186) through the
University of York Centre for Reviews and Dissemination.

2.1. Search Strategy

A preliminary search found that the majority of papers investigating substance use
in pregnancy were published in psychology and nursing journals. Thus, we searched
the five databases that were most likely to capture the literature within these disciplines.
Articles published between 1 January 2000and 19 April 2021were identified from Medline®,
PsychINFO, EMBASE, CINAHL, and Cochrane CENTRAL. The most recent search took
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place on 18 April 2021. English-language restrictions were applied. The search terms
included database specific controlled vocabulary, field codes, operators, relevant keywords,
and subject headings to identify the participant population (pregnant individuals), the
exposure (eHealth interventions), and the outcome (substance use) [33,34]. Key terms used
to conduct the search were related to telepsychology, randomized control trials, substance
use and pregnancy (see Appendix A). Duplicate articles were removed. The remaining
articles were divided and were screened independently by two reviewers from a eight
member research team. Pairs of reviewers screened the titles and abstracts to determine
eligibility for inclusion in the full-text review, and the first author reviewer (KS) supervised
and reviewed ~100 records to ensure >85% consistency. Out of 2560 abstracts, 159 conflicts
were identified. The types of conflicts included whether the study was targeting the right
population (pregnant people), whether the intervention fit our definition for eHealth, or
whether the study included extractable outcomes. These conflicts were resolved by the first
author (KS).

2.2. Inclusion and Exclusion Criteria

Studies were eligible for inclusion if they included: (a) a RCT; (b) an empirical journal
article; (c) an eHealth intervention (e.g., video therapy sessions, telephone, SMS, recorded
therapy sessions); (d) the goal of the intervention was to reduce substance use; (e) the
sample consisted of pregnant individuals; (f) extractable outcomes with respect to substance
use; and (g) the intervention took place during pregnancy. If more than one article reported
results from the same intervention in the same sample, the more recent study was included
in the study. Studies were excluded on the basis that they did not meet inclusion criteria or
were irretrievable/unavailable in English.

2.3. Data Extraction

Two team members independently extracted data into a Microsoft Excel file and
conflicts were resolved by consensus with the coders and the first and second authors.
Extracted data included authors’ names, publication years, country, sample demograph-
ics, pregnancy characteristics, substance use parameters, intervention characteristics and
administration, and mental health assessments for all groups. Sample characteristics that
were extracted when provided included sample size, age, gestational age, ethnicity, race,
and gender breakdown. Study characteristics that were extracted when provided included
the name of intervention, description, method of administration, degree of interactivity
(i.e., completely online or some in-person component), degree of guidance, and participant
time spent on the intervention. The outcomes extracted were odds ratios (OR) measuring
substance use outcomes post-intervention. Corresponding authors of included articles
were contacted if studies had missing or incomplete data.

2.4. Data Analysis

A random effects meta-analysis was conducted using Comprehensive Meta-Analysis
Software (Biostat Inc, Englewood, NJ, USA) [35]. Most studies reported ORs, and these
were used to calculate meta-estimates of substance use post-intervention in the intervention
groups compared to the control groups. Ref. [36] was the only study to report chi-squares,
which were transformed to ORs through the CMA software. Some studies had several post-
tests (e.g., immediately post-intervention, later follow-up) and outcomes (e.g., smoking,
alcohol use, general substance use). To meet the assumption of independence, effect sizes
from the same study were aggregated in CMA and the single effect size estimate for each
study was used to calculate pooled ORs. A forest plot was also created to display the
ORs for each individual study as well as the pooled OR from all the studies. To test for
publication bias, the Begg and Mazumdar rank correlation test [37] as well as the Egger’s
regression test [38] were performed to assess bias by regressing standardized effect size
to the studies precision. A significant test indicates publication bias, or significant funnel
plot asymmetry [36,38,39]. Meta-regression analyses were originally planned to explore
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significant moderators and explore secondary outcomes; however, not enough studies
were included to complete these analyses. Sensitivity analyses were also completed to
assess the robustness of the synthesized results.

2.5. Quality Assessment

To assess the quality of the RCT studies, the Cochrane Risk of Bias Tool for randomized
trials was used [30]. This tool assesses literature based on seven potential sources of bias
within the general categories of selection bias (allocation concealment), performance and
detection bias (blinding), attrition bias (incomplete data) and selective reporting bias [39].
Bias was judged individually by a team member and then cross-referenced by the judgment
of another team member to complete a 100% check. Total scores range from 0 (unlikely to
alter the results), to 7 (greatly weakens confidence in the results). Higher scores indicate
lower study quality and a higher risk of biased results. The study informally defined scores
from 0–2 as low risk, scores from 3–5 as moderate risk, and scores between 6–7 as high risk.

2.6. Primary Outcome

The current review aimed to determine whether eHealth interventions delivered
during pregnancy reduced substance use when compared to a control group. Substance
use was measured using self-reports of frequency and quantity of substances taken, as well
as self-report measures of abstinence and objective measures of abstinence. Objective forms
of abstinence were defined as a biochemical measure of substance use. For example, in
certain studies where smoking was the outcome, carbon monoxide (CO) readings and/or
saliva samples were tested for a certain amount of cotinine.

3. Results

3.1. Study Selection

This search was originally conducted with an associated study [40], which reviewed
eHealth interventions in pregnancy for treatment of depression, anxiety, and insomnia. A
wider search was conducted to include substance use for the purposes of this paper. The
search identified 5505 relevant articles, with 2945 duplicates removed. In total, 2367 of the
articles were excluded after title and abstract review and 193 articles were reviewed at the
full-text level. A total of 6 articles met inclusion criteria for this review. See Figure 1 for the
PRISMA diagram [32].

3.2. Characteristics of Included Studies

Table 1 provides characteristics of the included studies. Participant baseline age
ranged from 18–37 years old. Gestational age ranged from 4–23 weeks. Of the four studies
which reported ethnicity, three studies had a total sample where >85% of participants were
of European descent [36,41,42].

With respect to the type of eHealth interventions, most of the interventions were cre-
ated in a way that communication of services took place through the use of technology (i.e.,
telephone/text), rather than the use of a specific app to reduce substance use behaviours.
Four of the eHealth interventions were delivered via computer or the internet [42–45], one
was delivered through text message (SMS) [41] and one was delivered via telephone [36].
The types of interventions that were delivered included: motivational interviewing in one
study [43], the use of general health advice (presented educational information regarding
substance use without a psychological component) in three studies [42,45,46], and psy-
choeducation in two studies [36,41]. Three studies assigned control participants to receive
treatment as usual from their healthcare providers [41,43,46], one study provided control
group participants access to a website with standard advice, [42] and two studies used a
time-matched placebo condition [43,44].

Interventions varied with respect to whether the eHealth intervention was guided or
unguided, which was defined by whether a therapist/healthcare professional facilitated
treatment. Most of the included studies were guided (n = 4) [36,42–44]. Two studies were
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unguided [41,45]. Length of follow-up varied across studies with follow-up occurring at 4
weeks after baseline [41], 8 weeks after baseline [42], 12 weeks after baseline [43], 16 weeks
after baseline [44], up to 22 weeks after baseline [36].

Figure 1. PRISMA diagram detailing the database searches, the number of abstracts screened, and
the full texts retrieved.
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With respect to the type of substances studied, three of the studies assessed smoking
using time sensitive self-reported abstinence, as well as dose and dependence tests of
drugs [36,41,42]. Two studies assessed alcohol use with time sensitive self-reported absti-
nence [43,45]. One study measured general substance use using time sensitive self-reported
abstinence [44]. Five studies used self-reports of either abstinence or daily substance
use behaviours as the outcome [41–45]. Two studies used validated tests of dose and
dependence [36,41] carbon monoxide (CO) readings and/or saliva samples were tested
for a certain amount of cotinine (<30 mg/mL). One study provided both self-reports of
substance use and reports of validated tests of dose and dependence [41]. Only one of the
included studies showed a statistically significant benefit of eHealth interventions over the
control group [45].

3.3. Risk of Bias in Included Studies RCTs

The results of the quality assessments are shown in Figure 2. Overall, risk of bias was
rated as low for 5 of the 6 studies that were included, where low was defined as a risk
of bias score between 0–2. The most common risk of bias was due to attrition (missing
data). Other common risks of bias within the current review were detection bias as well as
selection bias.

Figure 2. Visual plot demonstrating results from quality assessment. Recall that the study informally defined scores from
0–2 as low risk, scores from 3–5 as moderate risk, and scores between 6–7 as high risk.

3.4. Efficacy of eHealth Interventions on Substance Use

Using a random-effects model, the efficacy of the eHealth interventions was tested by
calculating a pooled OR across 1176 participants and comparing the intervention group
(n = 585) to control group (n = 591). Results showed that pregnant participants who
received an eHealth intervention for the treatment of substance use had 1.3 times greater
likelihood of reduced substance use compared to those who were assigned to a control
group (OR = 1.325, 95% CI = 1.062–1.654, Z = 2.490, p = 0.013; see Figure 3 and Table 2).
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Figure 3. Forest Plot displaying individual and overall effect sizes examining the effectiveness of
eHealth interventions.

Significant heterogeneity was observed across studies (Q = 4.505, p = 0.479, I2 = 0.000).
Egger’s regression test (B = 1.39, t(4) = 4.43, SE = 0.324, p = 0.012) and the Begg and
Mazumdar rank correlation test (Tau = 0.600, Z = 1.69, p = 0.090) showed mixed findings
regarding the presence of publication bias, potentially due to the rank correlation test
having lower power [46]. The funnel plot showed clear asymmetry on the positive side
which suggests that the overall effect size may be smaller than estimated (See Figure 4).

Figure 4. Funnel Plot demonstrating the presence of publication bias.

A subgroup analysis was also conducted on the studies which measured abstinence
(n = 4), which also revealed a small size effect size where the odds of increased abstinence
was 1.25 times greater for pregnant individuals in the intervention group than for individu-
als within the control group (OR = 1.251, 95% CI = 0.993–1.577). Although secondary aims
of the current study were to evaluate potential moderators of treatment for substance use,
not enough studies were identified to conduct a moderator analysis.

3.5. Sensitivity Analysis

After systematically removing one study at a time, it was observed that two studies
affected the meta-estimate of the effect size of eHealth intervention during pregnancy by
more than 5% [36,41]. Specifically, the two studies affected the meta-estimate such that
it made the estimate larger [36,41]. When Bullock et al., (2011) was removed, the pooled
effect size increased to 1.69 [36]. When Naughton et al., was removed, the pooled effect
size increased to 1.41 [41].
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4. Discussion

4.1. Primary Findings

The current systematic review and meta-analysis synthesized existing evidence from
6 RCTs on the efficacy of eHealth interventions for substance use among a pregnant
population by comparing participants using an eHealth intervention (N = 585) to partic-
ipants in a control group (N = 591). Participant ages ranged from 18–37 years old and
gestational ages ranged from 7.73–14.7 weeks. All the studies took place in an economi-
cally advantaged country which speaks to the potential difference in the accessibility for
eHealth interventions for developing countries [47]. Most of the included RCTs measured
smoking and drinking outcomes, whereas studies on eHealth interventions for harder
drug use were more uncommon. The lack of studies measuring harder drug use among
this population may be due to the stigma associated with these substances—particularly
during pregnancy [48]. The majority of the eHealth interventions were delivered via com-
puter/internet which is consistent with other reviews on eHealth where most eHealth
interventions were internet-based. This may be attributed to the rise in technology use in
recent years and that most of the included studies recently took place between the years of
2014–2018. With respect to the types of interventions used, most of the included interven-
tions were brief in nature and had minimal clinician guidance, which could have reduced
the current effect sizes. There was also variability in the time of follow-up among studies,
with some studies having a shorter follow-up ranging from 4 weeks to 6 months. All of
the included studies were assessed to have a low risk of bias which provides support for
the high quality of the studies in the current review. The most common type of bias noted
among studies was attrition bias, though this is common for eHealth interventions [49].

Results of the meta-analysis showed that eHealth interventions delivered in pregnancy
reduced substance use when compared to control conditions (OR = 1.33, p = 0.013). This
effect size was calculated using a predominantly intent-to-treat sample (ITT). With the
exception of one study [43], each of the included studies reported an OR which were
included based on an ITT analysis. Though it should be noted that the study which did not
use an ITT sample completed a sensitivity analysis and found that the completers sample
as opposed to the use of an ITT sample did not significantly differ [43]. Results suggest that
eHealth interventions are significantly more effective than control conditions in reducing
substance use in pregnancy. Findings from the sensitivity analyses found that two studies
when removed, made the effect size larger [36,41]. Of note, both of these studies had
smoking as an outcome which suggests that smoking may be less amenable to treatment
in comparison to other substances. Furthermore, both the [36] study and the [41] study
used a telephone to deliver their intervention. This is in comparison to the other studies
which largely relied on the computer/internet. This may suggest that telephone and or text
interventions may not be as effective in comparison to other modes of eHealth delivery.

4.2. Consistency with Existing Literature

The finding of a small yet significant effect of eHealth interventions is consistent
with current literature of eHealth interventions for substance use within non-pregnant
populations [27,50]. For example, in a meta-analysis examining the effectiveness of in-
ternet interventions for adults with substance abuse issues, results showed that internet
interventions significantly decreased substance use with a small to moderate effect size
(Hedge’s g = 0.36) [27]. Results are also consistent with a meta-analysis examining the effec-
tiveness of internet interventions for adult alcohol misuse, which also found a small but
significant effect size in favour of the internet interventions (Hedge’s g = 0.20) [50]. With
respect to the effectiveness of eHealth interventions in a pregnant population, no review to
date has synthesized this information. However, one review has observed the effectiveness
of technology-based interventions for substance use among participants who were of a
child-bearing age (ages 18–45) [51]. Results from this meta-analysis found that technology-
based interventions were efficacious in comparison to control groups in preventing and
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reducing substance use for individuals at a child-bearing age, though the effect size was
small (d = 0.19) [51] which is in line with the current review.

The effect sizes of eHealth interventions are generally consistent with those of face-to-
face interventions for substance use within the general population. For example, a meta-
analysis of psychosocial interventions for substance use in the general population found a
significant yet small to moderate effect size for treatment (Cohen’s d = 0.45) [28]. In another
meta-analysis evaluating the effectiveness of motivational interviewing on substance
use behaviours in adolescence, interventions were effective in improving substance use
outcomes, but the effect sizes were again small (Cohen’s d = 0.17) [52].

4.3. Obstacles to eHealth Interventions

In the studies included in this review, there were high attrition rates and varied
engagement levels [53,54]. The observed attrition rates varied widely from 2% [44] to
33.5% [42] which is consistent with other eHealth interventions which typically range from
19% to 50% [55,56]. Individuals with substance use problems are more likely to terminate
treatment than individuals with other psychosocial problems, with substance use treatment
programs reporting the highest dropout rates when compared to individuals with other
psychosocial concerns [57]. Taken together, these findings suggest that individuals taking
part in a substance use eHealth intervention may require additional guidance and human
monitoring to decrease levels of dropout. In the current review, only one study involved
human monitoring, though this did not appear to increase effect sizes over and above other
studies [36].

Furthermore, there were relatively high levels of participant attrition within the
reviewed studies. This is a common feature among substance use eHealth studies and may
in part be due to the lack of human monitoring. Across all eHealth programs, retaining
pregnant participants to enhance positive outcomes continues to be a challenge. This
speaks to the need to evaluate different ways to reduce attrition by improving participant
engagement in treatment (e.g., gamification) [49,58] and implementing more rigorous
designs which could include human monitoring and follow-ups by clinicians to reduce the
high participant dropout rates. For example, the one study which did implement human
monitoring had lower attrition rates relative to most of the other included studies [36].
In doing this, future eHealth interventions for substance use would maximize its clinical
effectiveness [54,59].

4.4. Strengths, Limitations and Future Directions

Prior systematic reviews and meta-analyses were limited by the population studied,
which to date, have only included the effects of eHealth on substance use within a general
population. While some reviews exist on the effect of eHealth interventions on participants
of “child-bearing age,” these participants are not recruited during pregnancy and do not
complete the eHealth intervention during pregnancy. The current study is the first, to
our knowledge, to have synthesized the findings from the literature within a specifically
pregnant population. This is incredibly important because as mentioned previously, many
mental health and substance use behaviours in pregnancy persist into the postpartum pe-
riod. Moreover, substance use has unique negative effects during pregnancy and pregnant
populations may require support that is tailored to their needs.

Despite these strengths, the findings from this meta-analysis should be interpreted in
the context of several limitations. Notably, the current review included a small number
of studies (n = 6). Due to the limited number of studies included in the current analysis,
there was not enough statistical power to conduct moderator analyses. Future research
should investigate if demographic variables and/or study characteristics moderate the
relationship between eHealth interventions and substance use during pregnancy. A larger
research base is needed to better understand specifically what types of eHealth interven-
tions and methods of delivery are most effective in pregnancy, and for whom. Substance
use outcomes also varied—where most of the included studies assessed smoking cessation.
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Consequently, future reviews may benefit from sub-group analyses to investigate if the
effectiveness of eHealth interventions vary as a function of the type of substance use being
treated and/or differences in using self-report and objective measures to assess treatment
success. There was also wide variability in the types of eHealth interventions that were
used, with delivery occurring through internet, phone, and text messages, which likely
have also influenced the heterogeneity of the reported outcomes in this review. It should
also be noted that since all reviewed studies took place in economically advantaged coun-
tries (i.e., United States, England, Netherlands), the lack of studies from other countries
may limit the generalizability of our findings. Additionally, publication bias was observed
in the outcomes Egger’s Regression test (p = 0.012), which may suggest that effect sizes
were over-estimated within the current review [38].

Future interventions should consider the high comorbidity that substance use has
with various mental health concerns, including anxiety [60], depression [60], bipolar dis-
order, [61], attention-deficit hyperactivity disorder [62], and suicidality [63,64]. Moreover,
individuals in the general population who were treated in programs providing specific
treatment to target concurrent disorders had higher rates of using mental health services,
which predicted improvements in both mental health and substance use following treat-
ment [65]. Lastly, future studies should also examine the impact of eHealth treatments
during pregnancy and in the postpartum period and beyond, with the hope that eHealth
interventions will be able to create long-lasting treatment effects which persist beyond the
intervention period.

4.5. Clinical Implications

According to the World Health Organization, all pregnant people should have access to
affordable treatment options that respects their autonomy [66]. eHealth interventions may
be best used as a first line intervention in stepped care models, as they may increase accessi-
bility for some clients, and be less costly than more intensive in-person approaches [67,68].
The privacy and anonymity afforded by eHealth interventions may increase the likelihood
of seeking support for substance use in pregnancy. eHealth interventions are also in line
with international guidelines for the treatment of substance use during pregnancy [66,69].
eHealth interventions have the potential to be tailored to track substance use and treat-
ment progress, as well as provide information on where pregnant people can receive more
intensive substance treatment, which is in line with the National Institute for Health and
Care Excellence guidelines in the treatment of substance use during pregnancy [69].

However, it is important to recognize that not everyone has access to reliable internet.
Indeed, according to a report from the United Nations, over half of the world population
does not have access to reliable internet, and there are important sociodemographic dispar-
ities in internet access within countries [70]. For example, only 24% of First Nation reserves
in Canada have access to reliable internet [71]. Moreover, internet use may be limited
be lack of devices (i.e., only one computer for one family), and compromised internet
speed due to multiple devices. In another study which looked at telemedicine use in Peru,
noted that almost 60% of the population in Peru belong to the lowest socioeconomic strata,
preventing them from owning devices such as a computer or smartphone with internet
access [72]. Furthermore, due to the lack of owning these devices, these individuals may
lack the technological skills to know how to access and utilize telemedicine services, even
if a device is provided to them [72]. Additionally, in a study of the disparities in digital
access among Medicare beneficiaries, results found that individuals who lacked digital
access were higher among those with low socioeconomic status, those 85 years or older,
and in certain ethnic communities [73].

Accordingly, improved internet coverage and digital access has been highlighted as
an important step into making eHealth more accessible. The future of eHealth should
include determining how these interventions can be properly incorporated into the current
healthcare system to increase patient accessibility to mental health services.
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5. Conclusions

Taken together, the review found that eHealth interventions are effective in treating
substance use during pregnancy. Furthermore, eHealth interventions are a promising
healthcare intervention that increase access to care. In order to increase effect sizes, adapta-
tions should be considered with development occurring, in conjunction with patient and
provider partners. For example, future eHealth interventions could be more integrated such
that treatment is completed in conjunction with therapist or peer support and additional
guidance could be provided by having increased interactions with clinicians as opposed
to pre-set modules which are to be completed at the patient’s pace. This suggestion is
supported by the finding that guided eHealth interventions were significantly superior to
unguided interventions [74].
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Appendix A

Table A1. Terms used in Search Strategy.

eHealth/Telepsychology And Study Design And
Mental Health and
Substance Use

And Pregnancy

eHealth/e-Health RCT Substance Use pregnant
internet efficacy externalizing perinatal/peri-natal

online/on-line random
allocation

substance-related
disorder/substance related
disorder

prepartum/pre-partum

app/apps effectiveness substance abuse/
substance-abuse antenatal/ante-natal

web-based/web based randomized
controlled trial

substance
dependence/substance-
dependence

birth

smart-phone/smartphone/
smart phone trial addiction childbirth/child-birth

mobile phone/mobile-phone controlled
clinical trial drug abuse/drug-abuse labor

mobile health clinical trial drug dependence/
drug-dependence labour

mHealth alcohol abuse/
alcohol-abuse gestation
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Table A1. Cont.

eHealth/Telepsychology And Study Design And
Mental Health and
Substance Use

And Pregnancy

app-based alcohol dependence/
alcohol-dependence

computer systems alcoholism/alcoholic
computers
cell phone/cell-phone/
cellphone
website
computer
social media
web-based/web based
SMS
mobile
text-based/text based
digital
self-directed/self directed
technology-assisted/
technology assisted
self-help/self help
self-guided/self guided
telecommunications/
telecommunication
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Abstract: Background: Effective telemonitoring is possible through repetitive collection of electronic
patient-reported outcome measures (ePROMs) in patients with chronic diseases. Low adherence to
telemonitoring may have a negative impact on the effectiveness, but it is unknown which factors
are associated with adherence to telemonitoring by ePROMs. The objective was to identify factors
associated with adherence to telemonitoring by ePROMs in patients with chronic diseases. Methods: A
systematic literature search was conducted in PubMed, Embase, PsycINFO and the Cochrane Library
up to 8 June 2021. Eligibility criteria were: (1) interventional and cohort studies, (2) patients with a
chronic disease, (3) repetitive ePROMs being used for telemonitoring, and (4) the study quantitatively
investigating factors associated with adherence to telemonitoring by ePROMs. The Cochrane risk
of bias tool and the risk of bias in nonrandomized studies of interventions were used to assess
the risk of bias. An evidence synthesis was performed assigning to the results a strong, moderate,
weak, inconclusive or an inconsistent level of evidence. Results: Five studies were included, one
randomized controlled trial, two prospective uncontrolled studies and two retrospective cohort
studies. A total of 15 factors potentially associated with adherence to telemonitoring by ePROMs
were identified in the predominate studies of low quality. We found moderate-level evidence that
sex is not associated with adherence. Some studies showed associations of the remaining factors
with adherence, but the overall results were inconsistent or inconclusive. Conclusions: None of the
15 studied factors had conclusive evidence to be associated with adherence. Sex was, with moderate
strength, not associated with adherence. The results were conflicting or indecisive, mainly due to
the low number and low quality of studies. To optimize adherence to telemonitoring with ePROMs,
mixed-method studies are needed.

Keywords: adherence; patient reported outcomes; patient reported outcome measures; telemonitoring

1. Introduction

The increasing incidence of chronic diseases and the proportional increase in health
care costs require efficacy in healthcare [1–3]. To improve efficacy, new ways of delivering
healthcare were evaluated, such as the use of telemonitoring for chronic diseases. Tele-
monitoring, or remote patient monitoring, is defined as the use of technology to monitor
patients at a distance [4]. One way of telemonitoring is collecting repetitive electronic
patient-reported outcome measures (ePROMs) at home, which allows for a quick and
easy way of a frequent capture of important disease-specific outcomes and is already
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applied in a variety of chronic diseases such as chronic obstructive pulmonary disease,
chronic kidney disease, rheumatoid arthritis, inflammatory bowel disease or congestive
heart failure [5–10]. The benefits of telemonitoring by repetitive ePROMs are (i) a reduced
number of outpatient visits, (ii) a reduced workload, and (iii) lower healthcare costs [11–13].
Patients that use repetitive ePROMs for telemonitoring reported (iv) improved satisfaction,
(v) improved communication with the provider, (vi) more insight into their disease activity,
and (vii) more control over their disease [14–16]. However, one of the main problems of
telemonitoring by ePROMs is a lack of adherence, with adherence rates down to 20% [17,18].
Although adherence toward health technology is increasingly investigated, there is no
comprehensive review regarding what quantitative factors are associated with adherence
to telemonitoring by ePROMs specifically.

The low rate of adherence may affect the effectiveness of ePROMs. It is important
to identify which factors affect adherence to telemonitoring by repetitive ePROMs, since
this allows for a targeted approach in order to improve adherence and therefore its effec-
tiveness [19]. A recent systematic review qualitatively investigated patients’ experience of
telemonitoring (including but not limited to telemonitoring with ePROMs) and suggested
that older patients and patients with less experience with technology were concerned about
their ability to use telemonitoring [20]. Furthermore, the coexistence of comorbidity, social
support, self-discipline and the use of persuasive design principles in the telemonitoring
tool (i.e., use of reminders) were all qualitatively identified as possible factors affecting
adherence [21–24]. However, it is not yet known if they influence adherence to telemonitor-
ing by ePROMs specifically and if the quantitative evidence supports and extends these
observations.

A systematic review was performed with the aim to identify factors quantitatively
associated with adherence to telemonitoring by repetitive ePROMs in patients with chronic
diseases in all studies.

2. Materials and Methods

2.1. Search Strategy

A literature search was performed from inception to 6 June 2020 and was updated
on 8 June 2021, based on the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement (www.prisma-statement.org, accessed on 5 March 2020). At
the initiation of this review, the new PRIMSA guidelines were not yet available; therefore,
this review was conducted following the 2009 PRISMA guidelines [25]. To identify all
relevant publications, we conducted systematic searches in the bibliographic databases
PubMed, Embase, PsycINFO (Ebsco) and the Cochrane Library (Wiley), in collaboration
with a medical information specialist. The following terms were used (including syn-
onyms and closely related words) as index terms or free-text words: “electronic patient
reported outcome”, “e-Health”, “Telemonitoring”, “Remote patient monitoring”, “Mobile
applications”, “Chronic disease”, “Adherence”, “Usage”, “Dropout”, Engagement” and
“Compliance”. The references of the identified articles were searched for relevant publica-
tions. Duplicate articles were excluded. The full search strategies for all databases can be
found in Appendix A (Table A1).

2.2. Selection Process

Two reviewers (JW and BS) independently screened all potentially relevant titles
and abstracts for eligibility. We selected articles where (P) patients with chronic diseases
(I) telemonitored their symptoms with repetitive ePROMs, (C) no comparison groups
were necessary, and (O) where factors potentially positively or negatively associated with
adherence were investigated, (S) in trial or cohort studies. Differences in judgement were
resolved through consensus. Studies were included if they met the following criteria:

1. Type of study is a randomized controlled trial (RCT), randomized controlled cross-
over trial, clinical trial, prospective uncontrolled studies and cohort studies.

2. Population consists of patients with a chronic disease
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3. Repetitive ePROMs are used for telemonitoring
4. Adherence to reporting repetitive ePROMs is described
5. The study quantitatively analyzes at least one factor potentially associated with

adherence to telemonitoring by repetitive ePROMs
6. Written in Dutch or English

Exclusion criteria were:
The described chronic disease is a mental disorder according to the Diagnostic and

Statistical Manual of Mental Disorders-5 [26].
If necessary, the full text article was checked for the presence of all inclusion criteria.

2.3. Data Collection Process and Data Items

Data were extracted with the aid of a standardized data form by one reviewer (JW) [27].
The second reviewer (BS) sampled 50% of the articles for accuracy. The extracted informa-
tion of each study consisted of: author, year of publication, study design, region, participant
characteristics (sample size, diagnosis, age, sex, education level, work status and clinical
characteristics), telemonitoring characteristics (design, frequency of intended usage, defini-
tion of adherence and automated reminders) and outcome measures (adherence rates and
results for each investigated factor potentially affecting adherence).

2.4. Methodological Quality of Individual Studies

Both researchers (JW and BS) assessed the risk of bias of the included studies inde-
pendently. Disagreements were solved by discussion, and if necessary, a third party was
consulted (WB). For RCTs the Cochrane risk of bias tool was used and for cohort studies the
risk of bias in nonrandomized studies of interventions (ROBINS-1) [28,29]. The Cochrane
risk of bias tool aims to disclose relevant information to the risk of bias within a fixed
set of domains through signaling questions in randomized trials. The domains of bias
investigated were (1) random sequence generation, (2) allocation concealment, (3) selective
reporting, (4) other sources of bias, (5) blinding of participants and personnel, (6) blinding
of outcome assessment, and (7) incomplete outcome data and can be judged as “high risk”,
“low risk” or “unclear risk”, if the data are insufficient for judgement. The ROBINS-1 tool
evaluates the risk of bias in nonrandomized studies of interventions such as cohort studies
and is based on the Cochrane risk of bias tool. The domains of bias that were assessed were
(1) confounding, (2) selection of participants, (3) classification of intervention, (4) deviation
from intended intervention, (5) missing data, (6) measurement of outcomes, and (7) selec-
tion of the reported results. Through signaling questions, each domain was classified as
“low risk”, “moderate risk”, “serious risk”, “critical risk” or “no information”. The overall
risk of bias classification for the article was equal to the classification of the domain with
the highest risk of bias. Articles describing subgroup analyses of previously performed
RCTs were assessed as an RCT, and the original publication was retrieved to assess the
methodological quality properly.

2.5. Data Synthesis

The identified factors were categorized according to the WHO five dimensions as-
sociated with adherence, (1) social/economic factors (i.e., age and level of education),
(2) health system/health care team-related factors (i.e., quality of consultations), (3) ther-
apy related factors (i.e., treatment duration), (4) condition-related factors (i.e., symptom
severity), and (5) patient related factors (i.e., self-efficacy) [30]. Although this categorization
was intended for medication adherence or adherence to health therapy, we used the five
dimensions for aggregating the results solely since such a classification does not exist for
ePROM/technology adherence. If the factors were investigated in the included studies but
were not described by the WHO, we categorized the factor in the most suitable dimension.
To assess whether a meta-analysis was possible, we explored the heterogeneity of the in-
cluded studies based on intervention (length of follow-up, app or web-based intervention,
intended frequency of ePROMs and used description of adherence), context (diagnosis)
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and target participants (demographics, severity of symptoms and comorbidity) following
the guidelines of Pigott et al. [31]. An evidence synthesis was performed when quantitative
analysis was not possible due to high heterogeneity. In the evidence synthesis, the results
were assigned to one of five levels of evidence: strong, moderate, weak, inconclusive
or inconsistent following the criteria adapted from Ariëns et al.; see Table 1 [32]. When
available, the results of univariable analysis were used for synthesis; otherwise, the results
of multivariable analysis were used.

Table 1. Strength of evidence criteria [32].

Strength of Evidence Criteria

Strong At least 2 high-quality studies with consistent findings

Moderate 1 high-quality study and at least 2 low-quality studies
with consistent findings

Weak At least 2 low-quality studies with consistent findings
Inconclusive Insufficient or conflicting studies
Inconsistent Agreement of findings <75% of studies

3. Results

The literature search generated a total of studies: 3943 in PubMed, 4339 in Embase,
714 in PsycINFO and 2485 in the Cochrane Library. After removing the duplicates of
references that were selected from more than one database, 7275 studies remained. All the
remaining studies were screened based on title and abstract. A total of 51 full-text studies
were assessed for eligibility, and finally five studies were included in the synthesis. The
flow chart of the search and selection process is shown in Figure 1.

The included studies consisted of one article that analyzed the subgroups of RCTs,
two prospective uncontrolled studies and two retrospective cohort studies [33–37]. Study
populations comprised of patients with rheumatoid arthritis, heart failure, chronic pain
and systemic auto-immune diseases. Publication dates varied between 2013 and 2020; see
Table 1. A detailed description of the study characteristics is presented in Table 2. Table 3
shows the tool and intervention characteristics.

The RCT was judged at high risk of bias on one domain, blinding of participants and
personnel [33]. Both prospective uncontrolled studies were judged at serious risk due to
risk of confounding [34,35]. Both retrospective cohort studies were judged at moderate
risk [36,37]. The full quality assessment is presented in Figure 2 for RCTs and Figure 3 for
prospective uncontrolled and retrospect cohort studies. The heterogeneity of the studies
was considered too high to perform a meta-analysis; therefore, an evidence synthesis was
performed.

3.1. Adherence

Overall adherence to repetitive ePROMs ranged between 61% and 96% in the studies.
The definition of adherence varied between studies. In three studies, the percentage of
completed questionnaires was used as a proxy for adherence and reported as a continuous
variable, and two studies had a predefined number as cut-off point for high/low.

3.2. Factors Affecting Adherence Classified by the Five WHO Dimensions

A total of five studies investigated 15 unique factors. Of the factors investigated, eight
belonged to the social/economic dimension (1), two factors to condition related (2), three
to the patient related dimension (3), one to the therapy related dimension (4), and one to
the healthcare team related dimension (5); see Table 4.
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Figure 1. Flowchart of the search and selection process.

Table 2. Study characteristics of the included studies.

Author
Study

Design
Year Disease

Study
Duration

Sample Size
Age, Mean

(SD)
Men (%)

Colls J. et al. RCT 2020 Rheumatoid
Arthritis 6 months 78 55 (10.7) 15 (19%)

Jamilloux Y.
et al.

Prospective
uncontrolled

study
2015

SLE, primary
Sjögren and

IBD
6 months 128 42 (median) 27 (21%)

Rosen D.
et al.

Prospective
uncontrolled

study
2017 Heart failure 4 months 50 61 (-) 14 (29%)

Guzman,
J.R.S. et al.

Retrospective
cohort study 2013 Heart failure 3 months 248 76 (7.1) 240 (97%)

Ross, E.L.
et al.

Retrospective
cohort study 2020 Chronic pain 3 months 253 51 (14) 71 (28%)

* SLE = Systemic Lupus Erythematosus, IBD = Inflammatory Bowel Disease, COPD = Chronic Obstructive Pulmonary Disease.
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Table 3. Tool and adherence characteristics.

Authors Tool Medium
Intended Frequency

of Reporting
Definition of
Adherence

Overall Adherence

Colls J. et al. App or tablet Daily % completed 79%

Jamilloux Y. et al. Web-based Monthly
Good: 5 or 6 reported

ePROMs
Bad: <5

82%

Rosen D. et al. Tablet Daily % completed 96%

Guzman, J.R.S. et al. Tablet Daily <80% low
>80% high adherence 61%

Ross. E.L. et al. App Daily % of completed 69%

Figure 2. Risk of bias assessment following the Cochrane risk of bias tool for RCTs.

Figure 3. Risk of bias assessment following the ROBINS-1 for nonrandomized interventions.
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Table 4. Overview of the investigated factors and their association with adherence.

Colls J. et al.
Jamilloux Y.

et al.
Rosen D.

et al.
Guzman

J.R.S. et al.
Ross E.L.

et al.
Strength of
Evidence

Social/economic
dimension

Sex ↔ ↔ ↔ ↔ ↔ Moderate
Increasing age ↑ ↔ ↔ ↔ ↔ Inconsistent

Higher
education ↔ Inconsistent

Married ↑ ↔ ↔ Inconsistent
Annual income ↔ Inconclusive

Number of
children at

home
↑ Inconclusive

Area of
residence ↔ Inconclusive

Employment
status ↔ Inconclusive

Condition related
dimension

Sever
symptoms ↓ ↑ Inconsistent

Longer
symptom
duration

↔ Inconclusive

Patient related
dimension

Depression ↔ weak
Comorbidity ↓ Inconsistent

Existing
experience in

online surveys
↑ Inconclusive

Therapy/intervention
related dimension

Satisfaction
with the

app/web-
based

intervention

↔ ↑ Inconsistent

Healthcare team
related dimension

Primary care
compared to
specialized

care

↑ Inconclusive

↑ = significant positive association with adherence, ↓ = significant negative association with adherence, ↔ = no significant association
with adherence.

3.3. Social/Economic Dimension

There was moderate-level evidence that sex is not associated with adherence, as
none of the five studies found sex was associated with adherence. The evidence for the
association of age and marital status with adherence was inconsistent, while education
level, annual income, number of children, area of residence and employment status were
inconclusive. Colls et al. showed that patients over 65 years old had higher adherence
compared to patients <45 years old, 77% vs. 62% p = 0.02 (32). By contrast, the four other
studies did not find any difference regarding age and adherence [34–37]. Jamilloux et al.
found an association between higher response rate and being married/having a partner
(OR = 2.89, p = 0.02), in contrast to two studies who did not find any difference in adherence
rates regarding marital status [34–36]. Higher education, annual income, area of residence
(urban or not), employment status and number of children at home were all investigated
by a single study, of which only a greater number of children at home was associated with
higher adherence (average of 1.1 children at nonadherent group vs. 1.3 children at adherent
group p = 0.004) [34].

3.4. Condition-Related Dimension

There was inconsistent and inconclusive evidence that symptom severity and disease
duration, respectively, affected adherence. Colls et al. found that lower baseline disease
activity, or lower symptom severity, was associated with higher adherence in comparison
with higher disease activity (76% vs. 58%, p = 0.02), in contrast to Ross et al. who found
that a higher symptom severity was associated with more daily ePROM reports [33,37].
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The association between symptom duration and adherence was only investigated by Ross
et al., who did not find an association.

3.5. Patient-Related Dimension

The coexistence of comorbidity (including depression) and previous participation
in online surveys was investigated in only one study [36]. Guzman et al. showed that
a higher score on the Charlson comorbidity index was correlated with lower adherence
(beta = −0.13, p < 0.05) (35). Jamilloux et al. used previous participation in online surveys
as surrogate for eHealth literacy and found it to be associated with higher adherence (61%
in the adherent group vs. 38% in the nonadherent group OR = 2.56 95% CI 1.02–6.72
p = 0.04) [34]. According to Rosen et al., depression was not associated with adherence [35].

3.6. Therapy/Intervention-Related Dimension

Evidence for the association of satisfaction with the app/web-based intervention and
adherence was inconsistent. Ross et al. showed that the number of daily pain entries
was positively associated with satisfaction of the app, while Colls et al. did not find an
association between global treatment satisfaction and adherence [33,37].

3.7. Healthcare-Team-Related Dimension

Guzman et al. found a positive association between higher adherence and patients
treated at primary care, compared to patients treated at specialized care (OR 2.51 95%CI
1.22–5.19 p < 0.03) [36]. Since this was investigated by only one study, the result was
classified as inconclusive.

4. Discussion

One of the main problems of telemonitoring by ePROMs is a lack of adherence and
the lack of knowledge of the factors that influence adherence to telemonitoring. This
review aimed to identify which factors are associated with adherence to telemonitoring
by ePROMs in patients with chronic diseases. The definition of adherence varied between
studies, with reported adherence ranging from 61% to 96%. Symptom severity, comorbidity,
marital status, eHealth literacy and satisfaction with the intervention may be associated
with higher adherence, but the evidence was not conclusive for any of the identified factors.
Moderate evidence was found that sex is not associated to adherence.

We quantitatively investigated adherence to telemonitoring with ePROMs, in addition
to previously performed qualitative research. Recent qualitative research toward telemoni-
toring (including but not limited to telemonitoring by ePROMs) found that coexistence of
comorbidity, older age and eHealth illiteracy may negatively affect adherence [20,22]. In
addition, increased social support, higher self-discipline and the usage of persuasive design
in the telemonitoring tool were all qualitatively identified as possible factors positively
affecting adherence [21,23,24]. Three of these factors were investigated quantitatively in
our included studies: older age, eHealth literacy and comorbidity.

Colls et al. reported higher adherence in older patients, which is contrary to the earlier
mentioned qualitative research and the widely accepted unified theory of acceptance and
use of technology (UTAUT2) framework [38]. The UTAUT2 describes that older people may
have more difficulty in adapting new technologies and hypothesized that older people are
less frequently eHealth literate. However, a recent study in patients with chronic diseases
showed that only eHealth literacy, and not age, was predictive for eHealth adherence [39].
The fact that smartphone usage in 55+ years old increased from 40% in 2014 to 90% in
2017 in the Netherlands suggests that the eHealth illiterate group might be decreasing in
patients of older age [40]. Therefore, age seems to be of diminishing importance in eHealth
adherence, while eHealth illiteracy remains a potential barrier. Guzman et al. identified
the presence of comorbidity as a factor negatively affecting adherence, in accordance with
qualitative research [22]. Multimorbidity is frequently present in patients with chronic
diseases, for example in RA with an estimated prevalence of two-thirds of the patients [41].
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Described rationales for this negative impact on adherence are that (1) comorbidity may
physically limit the use of mHealth, and (2) it may shift the patients’ priority away from the
primary disease [23]. Therefore, patients with multimorbidity are potentially in extra need
for attention or help in order to achieve higher adherence. Measures such as the index of
coexistent diseases are best-suited to study the impact of comorbidity on adherence, since
they include both the disease severity and physical impairment of the comorbidities [42,43].

Symptom severity was not identified by qualitative research as a barrier for telemon-
itoring adherence but showed remarkable contradictive results in the included studies,
acting both as a facilitator and barrier [33,37]. In studies investigating medicine adherence,
it has mainly been described as a potential barrier. Patients considered high symptom
severity as a barrier (i) when they are becoming skeptical toward the efficacy if previous
treatment had failed, (ii) when establishing routines for disease management are difficult
when symptoms are severe, (iii) and when patients experience a reduced quality of inter-
action with their healthcare provider when symptoms are severe [44–46]. However, high
symptom severity may act as a facilitator if the patients experience greater benefits from
the intervention when the symptoms are severe [37,47]. Therefore, the role of symptom
severity on adherence may depend on the patients’ perceived benefits of telemonitoring
and how easy the tool is to use even when symptom severity is high.

Only one factor was investigated in both the intervention-related and healthcare-
related dimension. However, investigating intervention and healthcare factors may be
valuable. For example, a high level of assistance of the healthcare practitioner may have
a positive influence on adherence [48,49]. Furthermore, the frequency at which patients
need to report ePROMs influences adherence is unknown. A higher frequency may lead
to reporting fatigue and therefore lower adherence, but a higher frequency may also
facilitate adherence in acquiring the habit more easily. Future studies investigating ePROM
adherence should focus more on healthcare- and intervention-related dimensions. Not
many factors are investigated both qualitatively and quantitatively, mainly due to the low
number of studies investigating adherence of telemonitoring with ePROMs quantitatively.
Quantitative research may help to identify which factors lead toward a decrease or increase
in adherence on a group level. Furthermore, it gives the possibility of monitoring the effect
of adjustments for improving adherence on group level. Therefore, it is of importance to
combine qualitative and quantitative studies in prospective mixed-method studies in order
to investigate thoroughly the adherence of telemonitoring by ePROMs.

Given the presented results, where the required skills and ease of use of the telemon-
itoring tool were mentioned as possible reasons why factors such as eHealth illiteracy,
higher disease state and comorbidity may negatively impact adherence, it seems logical
to design and use telemonitoring tools with a highly perceived ease of use as a possible
first step to improve adherence. It is already known that this is an important factor in the
successful implementation of eHealth; however, it also seems to be of importance for the
sustained usage over time for telemonitoring [50]. This emphasizes the importance of a
user-centered design [51].

Limitations

This review has several limitations which should be considered when interpreting the
results. First, comparing results of the studies is difficult because of the large heterogeneity
in diagnosis, intervention and outcome measurements between the included studies.
This is partly due to the inclusion of all chronic diseases which was necessary since
studies investigating ePROM adherence quantitatively are scarce, despite the increasing
interest in telemonitoring by ePROMs especially during the COVID-19 pandemic. During
the pandemic, patients with chronic diseases were often instantly telemonitored since
outpatient clinic visits limited their access to high-priority care only. Therefore, there must
be many currently unpublished data, which can help us understand which patients need
extra assistance or are better suitable for telemonitoring. We hope that by underlining
this knowledge gap, we can motivate others to analyze and publish their adherence data.
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Secondly, the methodological quality of the studies was low, leading to weak, inconsistent
or inconclusive evidence. This underlines the need for large, well-designed prospective
cohort studies with the primary focus on investigating adherence. Thirdly, there is a
persisting general lack of knowledge about how often ePROMs should be reported in order
for telemonitoring to be effective [52]. This makes determining adherence mostly arbitrary.

5. Conclusions

The factor sex is not associated with adherence to repetitive ePROMs. Although
several studies reported various associations between factors and adherence, the results
show to be inconsistent or inconclusive. A limited number of telemonitoring studies by
ePROMs report in-depth adherence data, making it difficult to draw conclusions from the
studied factors. Future ePROM-guided telemonitoring studies should report adherence
data in a standardized way. Mixed-method analyses are preferred for studies investigating
telemonitoring adherence with ePROMs.

Author Contributions: J.W. and R.d.V. performed the search. J.W. and B.S. independently screened
all potentially relevant titles and abstracts for eligibility. J.W. performed the data extraction which
B.S. sampled. J.W, B.S., W.B., M.v.d.L. and M.v.d.E. had substantial contribution to the methodology
and writing of this manuscript. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. Pubmed search results.

Search Query Items Found

#13 #4 AND #11 AND #12 3943

#12

“Treatment Adherence and Compliance”[Mesh:NoExp] OR “Patient
Compliance”[Mesh:NoExp] OR “Patient Dropouts”[Mesh] OR “Patient

Participation”[Mesh] OR adherenc*[tiab] OR nonadherenc*[tiab] OR attrition*[tiab]
OR dropout*[tiab] OR “drop-out*”[tiab] OR complian*[tiab] OR noncomplian*[tiab]
OR engagement[tiab] OR disengagement[tiab] OR persist*[tiab] OR nonusage[tiab]

OR “non-usage”[tiab] OR perseveran*[tiab]

916,734

#11 #5 OR #6 OR #7 OR #8 OR #9 OR #10 2,682,001

#10

“Inflammatory Bowel Diseases”[Mesh] OR “Inflammatory Bowel Disease*”[tiab] OR
“Crohn Disease”[tiab] OR “Crohn’s Disease”[tiab] OR “Crohns Disease”[tiab] OR

“Granulomatous Colitis”[tiab] OR “Colitis Ulcerosa”[tiab] OR “Ulcerative
Colitis”[tiab]

118,928

#9 “Heart Failure”[Mesh:NoExp] OR “Heart Failure, Diastolic”[Mesh] OR “Heart Failure,
Systolic”[Mesh] OR “heart failure”[tiab] OR “cardiac failure”[tiab] 227,473

#8

“Diabetes Mellitus”[Mesh] OR diabetes[tiab] OR diabetic*[tiab] OR dm2[tiab] OR
niddm[tiab] OR “dm 2”[tiab] OR t2 dm*[tiab] OR “t2 dm*”[tiab] OR “dm type 2”[tiab]
OR “dm type II”[tiab] OR dm1[tiab] OR iddm[tiab] OR “dm 1”[tiab] OR t1 dm*[tiab]

OR “t1 dm*”[tiab] OR “dm type 1”[tiab] OR “dm type I”[tiab]

739,709

#7 “Pulmonary Disease, Chronic Obstructive”[Mesh] OR “Asthma”[Mesh] OR
COPD[tiab] OR emphysema*[tiab] OR asthma*[tiab] 265,144
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Table A1. Cont.

Search Query Items Found

#6

“Arthritis, Rheumatoid”[Mesh:NoExp] OR “Spondylarthritis”[Mesh:NoExp] OR
“Arthritis, Psoriatic”[Mesh] OR “Spondylitis, Ankylosing”[Mesh] OR arthriti*[tiab]
OR osteoarthriti*[tiab] OR “spondyloarthritis ankylopoietica*”[tiab] OR “ankylosing

spondyl*”[tiab] OR bechterew*[tiab] OR “rheumatoid spondyliti*”[tiab] OR
“spondylitis ankylopoietica*”[tiab] OR spondylarthr*[tiab] OR “psoriatic arthr*”[tiab]

290,238

#5 “Chronic Disease”[Mesh] OR chronic[tiab] OR chronically[tiab] 1,341,059

#4 #1 OR #2 OR #3 218,203

#3

“Mobile Applications”[Mesh] OR “Cell Phone”[Mesh] OR “Cell Phone Use”[Mesh]
OR “Smartphone”[Mesh] OR “m-health*”[tiab] OR mhealth*[tiab] OR “mobile

health*”[tiab] OR “health application*”[tiab] OR android*[tiab] OR iphone*[tiab] OR
app[tiab] OR apps[tiab] OR “mobile application*”[tiab] OR “mobile phone*”[tiab] OR
“mobile technolog*”[tiab] OR “phone application*”[tiab] OR “smart device*”[tiab] OR

smartphone*[tiab] OR “smart phone*”[tiab] OR “telephone application*”[tiab]

69,540

#2

“Internet”[Mesh] OR “world wide web*”[tiab] OR “web-based”[tiab] OR
webbased[tiab] OR “web-delivered”[tiab] OR “internet delivered”[tiab] OR “internet

supported”[tiab] OR “internet mediat*”[tiab] OR “internet-based”[tiab] OR “web
page*”[tiab] OR “web application*”[tiab]

116,047

#1

“Telemedicine”[Mesh:NoExp] OR “Remote Consultation”[Mesh] OR “Public health
informatics”[Mesh] OR telemedic*[tiab] OR telehealth*[tiab] OR “tele-medic*”[tiab]
OR “tele-health*”[tiab] OR telemonitor*[tiab] OR “tele-monitor*”[tiab] OR “digital

health”[tiab] OR ehealth*[tiab] OR “e-health*”[tiab] OR “e-therap*”[tiab] OR
etherap*[tiab] OR “electronic pro”[tiab] OR “electronic prom”[tiab] OR epro[tiab] OR

eprom[tiab] OR “e-pro”[tiab] OR “e-prom”[tiab] OR “electronic patient reported
outcome*”[tiab] OR “remote monitor*”[tiab] OR “remotely monitor*”[tiab]

53,590
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Abstract: For patients with coronary heart disease (CHD) lifestyle changes and disease management
are key aspects of treatment that could be facilitated by mobile health applications (MHA). However,
the quality and functions of MHA for CHD are largely unknown, since reviews are missing. Therefore,
this study assessed the general characteristics, quality, and functions of MHA for CHD. Hereby, the
Google Play and Apple App stores were systematically searched using a web crawler. The general
characteristics and quality of MHA were rated with the Mobile Application Rating Scale (MARS)
by two independent raters. From 3078 identified MHA, 38 met the pre-defined criteria and were
included in the assessment. Most MHA were affiliated with commercial companies (52.63%) and
lacked an evidence-base. An overall average quality of MHA (M = 3.38, SD = 0.36) was found with
deficiencies in information quality and engagement. The most common functions were provision
of information and CHD risk score calculators. Further functions included reminders (e.g., for
medication or exercises), feedback, and health management support. Most MHA (81.58%) had one
or two functions and MHA with more features had mostly higher MARS ratings. In summary,
this review demonstrated that a number of potentially helpful MHA for patients with CHD are
commercially available. However, there is a lack of scientific evidence documenting their usability
and clinical potential. Since it is difficult for patients and healthcare providers to find suitable and
high-quality MHA, databases with professionally reviewed MHA are required.

Keywords: coronary heart disease (CHD); apps; mobile health; eHealth; systematic evaluation

1. Introduction

Cardiovascular diseases and especially coronary heart diseases (CHD) are one of the
leading causes of death worldwide [1,2]. According to the global burden of disease study
17.8 million people died from cardiovascular diseases in 2017 [1]. According to the heart
disease and stroke statistics the prevalence of CHD in the US ranges from 5.3% for female
adults to 7.4% for male adults [3].

CHD and common complications like arrhythmia, myocardial infarction, and heart
failure have a significant negative impact on the affected person’s health, leading to high
mortality and healthcare costs [4–6]. In addition, certain mental and physical conditions and
factors are associated with CHD, including depression, cigarette smoking, hypertension,
and obesity [7–10].

Disease management and behavior change including lifestyle changes are key aspects
of CHD care but often not adequately and enduringly considered in care settings [11]. The
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large number of risk and lifestyle factors render the prevention and self-management of
CHD extensive and complex for patients [11,12]. Therefore, means of promoting disease
management and lifestyle changes as well as information are necessary to improve pre-
vention and conventional treatment of CHD [11,13,14]. Mobile health applications (MHA)
are discussed to contribute in overcoming this gap in treatment by fostering CHD manage-
ment [13,15]. First, MHA may support daily monitoring of activities and symptoms [16].
Second, adherence to treatment and lifestyle changes can be increased by self-tracking,
feedback, and reminder functions of MHA [16,17]. Third, MHA are accessible at all times
and at relatively little costs [18] making MHA a scalable solution to provide general infor-
mation about CHD, symptoms, and specific lifestyle modifications [19,20]. Fourth, MHA
can increase patients’ perception to play an active role in their own healthcare and hereby
foster self-sufficiency, disease management, and patient autonomy [16,18,21].

However, high-quality applications with suitable content are required, while the
quality of MHA is largely unknown due to an intransparent MHA market and a lack of
methodologically sound quality assessments [16,22]. Previous studies focused on other
cardiological conditions examining the quality of MHA for heart failure [23,24], atrial
fibrillation [25], and blood pressure [26]. Hereby the quality of MHA was reported as
mostly acceptable [24] or mainly poor [23,26]. This is particularly alarming because MHA
can also be harmful [19,22]. Risks and constraints regarding MHA concern data security,
privacy, and confidentiality, since missing privacy policies and information transfer to third
parties have been observed [22,27]. Furthermore, possible misinformation poses potential
risks to users and the sheer number of MHA may lead to consumer confusion [11,19,28–30].
No evaluation of MHA specifically for CHD was found [16].

Therefore, in this study we systematically searched for and conducted a standardized
evaluation of MHA for CHD which are available in commercial app stores. Hereby we
addressed the following research questions:

1. What is the quality of CHD applications in European commercial app stores in regard
to engagement, functionality, aesthetics, and information quality in general?

2. What functions are employed in CHD applications?

2. Materials and Methods

2.1. App Search Strategy

With an automated search engine (web crawler) of the ‘Mobile Health Application
Database’ (MHAD) [31] the Google Play store and Apple App store were systematically
searched for MHA. Search terms to identify CHD applications included ‘coronary heart
disease’, ‘coronary artery disease’, ‘ischemic heart disease’, and ‘heart disease’ in English
and German. A list of all search terms is included in Appendix A. The searches were
conducted between December 2020 and February 2021. Duplicates were automatically
removed. For the assessment, MHA from the Google Play store were installed on an Honor
6X (BLL-L22) and apps from the Apple App store on an iPad Pro A1652.

2.2. Inclusion Criteria and Process

The identified MHA were examined for eligibility in a two-step procedure. In the first
step, the title and app description were screened and the inclusion criteria for the download
of MHA were applied. Apps were downloaded if (a) in the app title or description the
subject of coronary heart disease was stated, (b) the app was developed for patients with
CHD, persons at risk, or otherwise affected individuals, (c) the MHA was available in
German or English language, and (d) download was possible.

In a second step, the identified apps were downloaded and the criteria for inclusion
in the evaluation were examined within the app. MHA were included if (a) CHD was
focused, a CHD-specific section was included, or the app description stated its use for CHD,
(b) no other specific information (such as login/ access data) was required for usage of the
app, (c) the application was functional, and d) there were no further technical reasons to
eliminate the MHA. Technical malfunctions were tested on two devices.
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2.3. Data Extraction, Evaluation Criteria, and Instruments

Two independent raters (master’s degree students in psychology C.M. and M.S., under
supervision of a licensed psychotherapist L.B.S.) conducted the acquisition and rating of
all included MHA by applying the Mobile Application Rating Scale (MARS) in the German
version [32–34]. For all sections of the MARS a good to excellent internal consistency
(Omega = 0.793 to 0.904), an overall excellent internal consistency (Omega = 0.929) and a
good intra-class correlation (ICC = 0.816, 95% CI: 0.810 to 0.822) were shown [34]. Therefore,
with the MARS the quality of MHA can be assessed reliably [34]. The MARS contains a
section for classification and for quality rating as well as three additional subscales.

To prepare for the app rating with the MARS, a free online tutorial provided by
the developers of the German MARS version was viewed. For the rating, each app was
tested by trying out all features. To check the agreement between the raters, the interrater
reliability (IRR) was calculated. Here, the intra-class correlation (ICC) needs to be ≥ 0.75 to
indicate a sufficient agreement [35]. In case of an ICC below 0.75 the supervisor (L.B.S.)
was consulted.

2.4. General Characteristics of MHA

For this study the MARS classification section was adapted to include the following
general characteristics: (1) app name, (2) platform (Android, iOS), (3) affiliation, (4) price,
(5) embedment in therapy, (6) user star rating, (7) number of user ratings, (8) app store
category, (9) methods, (10) technical aspects, and (11) security and privacy.

2.5. Quality Rating

For the quality rating with the MARS 19 items are rated on a five-point scale rang-
ing from 1 (inadequate) to 5 (excellent). These items constitute the four dimensions:
(A) engagement (five items: entertainment, interest, individual adaptability, interactivity,
target group), (B) functionality (four items: performance, usability, navigation, gestural
design), (C) aesthetics (three items: layout, graphics, visual appeal), and (D) information
quality (seven items: accuracy of app description, goals, quality of information, quantity
of information, quality of visual information, credibility, evidence base). To assess the
evidence-base, for each MHA Google Scholar was searched for published studies.

2.6. Statistical Analysis

For each of these four dimensions, the mean score (M) and standard deviation (SD)
were computed as well as a total mean quality score across all four objective dimensions [33].
The scores of both raters were averaged. Additionally, the three subjective subscales of the
MARS: (E) therapeutic gain, (F) subjective quality, and (G) perceived impact were evaluated
without effect on the overall mean score. Correlation analyses between the available user
star ratings (one star to five stars) and the MARS total mean score as well as the objective
dimensions were conducted if at least three ratings were available.

2.7. Assessment of Functions

Subsequently, the employed functions of the included MHA were assessed with a clas-
sification from the ‘Chances and Risks of Mobile Health Apps’ (CHARISMHA) study [36].
The classification is divided into six categories with one to five subcategories each. These
are: provision of information (news, reference, learning material, player/viewer, broker),
data acquisition, processing, and evaluation (decision support, calculator, meter, monitor,
surveillance/tracker), administrative use (administration), calendar and appointment-
related apps (diary, reminder, calendar), support (utility/aid, coach, health manager) and
other (actuator, communicator, game, store, other). Hereby, for each MHA it was examined
which functions are employed. Additionally, a correlation between the number of functions
and the MARS total score was calculated.
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3. Results

3.1. Search

In Figure 1 the screening and inclusion process is illustrated. A total of 3078 apps were
found through the web crawler. From 1217 apps without duplicates, 38 MHA (3.12%) were
included in the evaluation. Of those, 30 apps (78.95%) were available on android, seven
apps (18.42%) on iOS, and one app (2.63%) for both.

3.2. General Characteristics

The characteristics of included MHA are depicted in Table 1. The apps were affiliated
with commercial companies (n = 20, 52.63%), non-governmental organizations (NGO; n = 2,
5.26%), universities (n = 2, 5.26%), and governments (n = 1, 2.63%). For 13 apps (34.21%) the
affiliation was unknown. The basic version was free of cost for most apps (n = 34, 89.47%)
and required payment for four apps (10.53%) with prices ranging from EUR 1.09 to EUR
3.69 (M = 2.57, SD = 1.08). In three apps (7.89%) an upgraded or extended pro version was
available or in-app purchases were possible. No app was embedded in a treatment concept
or had a certification to comply for example with the medical device regulation.

For 12 apps (31.58%) a user rating was available in the Google Play store and for one
app (2.63%) in the Apple App store. The median user star rating in the Google Play store
was 4.4 (M = 4.26, SD = 0.47) with five to 1276 ratings (M = 220.42, SD = 403.29) and the user
star rating in the Apple App store was 1.0 with one rating (user ratings last updated on
4 April 2021). MHA were classified in eight app store categories: ‘Health & Fitness’ (n = 18,
47.37%), ‘Medical’ (n = 10, 26.32%), ‘Education’, ‘Books & Reference’ (n = 3, 7.89% each),
‘Lifestyle’, ‘Food & Drink’, ‘Entertainment’, and ‘Social Networking’ (n = 1, 2.63% each).
In 19 apps (50.00%) internet was required for some or all functions and one app (2.63%)
had an app community. Most common methods were information and education (n = 34,
89.47%), tips and advice (n = 25, 65.79%), and feedback (n = 16, 42.11%). For most apps
a privacy policy (n = 26, 68.42%) and contact information (n = 33, 86.84%) was provided
and in seven apps (18.42%) active consent was required. Login was necessary in six apps
(15.79%) and a password protection in three apps (7.89%).

For one MHA (‘The Heart App’) the accuracy to detect acute coronary syndromes
was examined in a diagnostic accuracy study [37]. Otherwise, no study or randomized
controlled trial (RCT) was found.

3.3. Quality Rating of MHA

The MARS rating results for each included MHA are presented in Table 2. The total
quality of included MHA was average, with M = 3.38 (SD = 0.36) and ranged from M = 2.50
to M = 4.22. Of the four objective dimensions, the highest-rated was functionality (M = 4.06,
SD = 0.31), thereafter aesthetics (M = 3.62, SD = 0.47), followed by information quality
(M = 3.18, SD = 0.43), and engagement (M = 2.64, SD = 0.55). For the additional subjective
subscales, the means were lower, with M = 2.49 (SD = 0.35) for therapeutic gain, M = 2.45
(SD = 0.52) for subjective quality, and M = 1.90 (SD = 0.35) for perceived impact. The IRR
for the rating of all MHA was excellent (2-way mixed ICC = 0.944, 95%-CI 0.935 to 0.952)
and for no single app an ICC below 0.75 was evident. No significant correlations between
user star ratings and MARS total mean score (r (10) = -0.52, p = 0.080) or the objective
subscales (r (10) = 0.001–0.52, p > 0.05) were found. In addition, none of the apps that
required payment for the basic version were among the ten highest-rated apps.
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Figure 1. Flowchart of the app screening and inclusion process.

Table 1. General characteristics of included MHA for coronary heart disease.

n (%) M (SD)

Platform
Android

iOS
Both

30 (78.95%)
7 (18.42%)
1 (2.63%)

Affiliation
Commercial company

NGO
University

Government
Unknown

20 (52.63%)
2 (5.26%)
2 (5.26%)
1 (2.63%)

13 (34.21%)

Obligatory payment
Google Play store
Apple App store

2 (5.26%)
2 (5.26%)

2.84 (0.85)
2.29 (1.20)
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Table 1. Cont.

n (%) M (SD)

User ratings
Google Play store
Apple App store

12 (31.58%)
1 (2.63%)

4.26 (0.47)
1.0 (0.00)

Technical aspects
Internet required
App community

19 (50.0%)
1 (2.63%)

Methods
Information and education

Tips and advice
Feedback

Alternative medicine
Bodily exercises

34 (89.47%)
25 (65.79%)
16 (42.11%)

3 (7.89%)
2 (5.26%)

Security & privacy
Privacy policy

Contact information
Informed consent

Login
Password

26 (68.42%)
33 (86.84%)
7 (18.42%)
6 (15.79%)
3 (7.89%)

Note. n = number of apps; M = mean; SD = standard deviation.

3.4. Functions of MHA

The number of functions of all MHA is presented in Appendix B. The most common
function was provision of information, specifically reference (information texts about e.g.,
CHD, risk factors, or treatment) in 37 apps (97.37%) and a player/viewer (e.g., video
or audio files) in six apps (15.79%). Hereof 28 MHA (73.68%) were primarily assigned
to the category provision of information. Further functions were decision support (e.g.,
concerning foods or goals; n = 4, 10.53%), calculators such as CHD risk score or body mass
index (BMI) calculators (n = 13, 34.21%) and monitor of activity (n = 1, 2.63%). Hereof
six MHA (15.79%) were primarily categorized under data acquisition, processing, and
evaluation. Other functions were diary (n = 1, 2.63%), reminder (e.g., for medication or
workouts) and calendar functions (n = 3, 7.89% each), with no MHA primarily being a
calendar and appointment-related app. Three MHA (7.89%) functioned as health managers,
targeting goals regarding exercise, weight, and nutrition, and were categorized as support
apps. Two MHA (5.26%) were communicators and of those, one app (2.63%) was primarily
a social network.

The functions of the ten highest-rated apps are shown in Table 3 and a full table
depicting all employed functions per MHA is included in Appendix C. In general, many
MHA had one (n = 17, 44.74%) or two functions (n = 14, 36.84%) and in seven apps (18.42%)
three or more functions were employed. Of those MHA with three or more functions, five
apps (71.43%) were among the ten highest-rated apps. A significant positive correlation
with a large effect size was found between the MARS total score and the number of
employed functions (r (36) = 0.66, p < 0.001).
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Table 2. Means of the MARS rating from highest to lowest total score.

Name Rated on Total Score

Quality Rating Subjective Subscales

Engagement Functionality Aesthetics
Information

Quality
E F G

CardiaCare GP 4.22 4.00 4.50 4.67 3.70 2.83 3.25 2.58
Love My Heart for Women AA 4.00 3.80 4.25 4.17 3.78 2.50 3.00 2.42

CardioVisual: Heart Health Built by
Cardiologists GP 3.84 3.30 3.88 4.17 4.00 2.67 3.00 2.08

Heart Disease Yoga &
Diet–Cardiovascular disease GP 3.83 3.70 4.13 4.00 3.50 2.83 3.13 2.50

My Heart Age GP 3.83 3.60 4.00 4.00 3.70 2.67 3.50 2.83
ASCVD Risk Estimator Plus GP 3.79 2.90 4.25 4.00 4.00 3.00 2.88 2.25

Texas Heart Institute AA 3.75 2.80 4.25 4.17 3.78 2.67 2.88 2.00
The Heart App © GP 3.74 3.20 4.25 4.17 3.33 3.83 3.25 2.17

Angina GP 3.59 2.90 4.13 3.83 3.50 2.67 2.63 2.08
Heart Disease 101 Audio Book GP 3.56 2.50 4.38 4.00 3.38 2.67 3.13 2.00

Heart Disease Support AA 3.56 3.50 4.13 3.50 3.13 2.50 2.75 1.58
Heart Diseases & Treatment GP 3.55 2.60 4.25 3.83 3.50 2.50 2.50 1.92

MESA CHD Risk Score GP 3.53 2.90 3.88 3.83 3.50 2.50 2.63 1.75
Healthy Heart Guides GP 3.51 2.90 4.13 3.83 3.20 2.83 2.88 2.33

Heart Care Health & Diet Tips GP 3.51 2.80 4.00 4.00 3.25 2.50 2.63 1.92
Basic Cardiology GP 3.49 2.20 4.25 4.00 3.50 2.67 2.63 1.83
CardioRisk Calc AA 3.43 2.80 4.13 3.67 3.11 2.17 2.00 1.58

Heart Disease Guide GP 3.40 2.60 4.13 3.67 3.20 2.50 2.38 1.83
Cardiovascular Diseases GP 3.39 2.20 4.38 3.50 3.50 2.67 2.50 2.00

Heart Disease B GP 3.36 2.20 4.00 3.83 3.40 2.50 2.63 2.08
Cardiovascular Care Guide GP 3.34 2.30 4.13 3.83 3.10 2.50 2.63 1.83

Heart Health Tips GP 3.34 2.30 4.38 3.67 3.00 2.50 2.13 1.50
Atherosclerosis GP 3.28 2.20 4.25 3.67 3.00 2.50 2.38 2.00
Heart Disease A GP * 3.27 3.00 3.88 3.00 3.20 2.33 2.63 2.00
Heart Disease C GP 3.26 2.50 4.13 3.33 3.10 2.67 2.63 1.92

Heart Disease Diet-Have a Fit &
Healthy Heart with Best Nutrition! AA * 3.25 2.20 4.13 3.67 3.00 2.33 1.88 1.92

Home Remedies For Chest Pain
(Angina) GP 3.24 2.00 4.25 3.83 2.88 2.00 1.75 1.67

Cardiology consultation GP 3.21 2.80 3.88 3.17 3.00 2.33 2.13 1.83
Natural Remedies For Chest Pain

(Angina) GP 3.16 2.00 4.25 3.50 2.88 2.17 1.88 1.67

Cardiology-Expert Consult 4
Diagnosis & Treatment GP 3.09 2.30 4.00 3.17 2.90 2.33 2.50 2.08

Angina Pectoris Disease GP 3.08 2.20 3.75 3.50 2.88 2.67 2.50 1.75
Cardiovascular Disease Information GP 3.08 1.90 4.25 3.17 3.00 2.50 2.00 1.75
Herz und koronarer Herzkrankhe AA * 3.00 2.30 4.00 3.00 2.70 2.17 1.88 1.50

Arteriosclerosis Disease GP 2.88 2.00 3.63 3.50 2.38 2.17 1.63 1.42
Heart Disease Risk Prediction and

Prevention GP * 2.87 2.60 4.00 2.50 2.38 2.17 1.75 1.42

How To Cure Heart Disease GP 2.84 2.30 4.13 2.67 2.25 2.00 1.63 1.33
CORONARY HEART DISEASE

RISK GP 2.76 2.40 2.75 3.00 2.88 2.00 1.63 1.42

Universal Healing Programme AA 2.50 1.80 3.25 2.67 2.30 1.67 1.63 1.33
Total mean - 3.38 2.64 4.06 3.62 3.18 2.49 2.45 1.90

Note. * fee required. GP = Googly Play, AA = Apple App, E = Therapeutic Gain, F = Subjective Quality, G = Perceived Impact.
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4. Discussion

This study is the first to systematically review MHA for CHD by assessing the general
characteristics, quality, and functions of MHA in European app stores. The overall quality
of apps for CHD, as assessed with the MARS, was average (M = 3.38, SD = 0.36). Here,
the functionality and aesthetics of included apps were generally high while deficits in
information quality and engagement were shown. This is in line with previous studies
which reported a varying, but largely acceptable or poor quality of apps for cardiological
conditions such as heart failure, atrial fibrillation, or hypertension [23,24,26]. Since many
MHA primarily provide information, the deficits in the average information quality are
alarming [11,13]. A total of N = 3078 apps were identified by the web crawler and only
38 apps (3.12%) were CHD-specific and met the inclusion criteria. Above that, none of
the objective subscales nor the MARS total mean scores were significantly correlated with
the user star ratings which may increase the challenge of patients with CHD to identify
a reliable MHA restricting the clinical use of MHA. Since none of the paid apps were
among the ten highest-rated MHA, requiring payment is also not an adequate indicator
of app quality. Furthermore, some MHA with very little CHD-specific information, an
overwhelming amount, or questionable content were found. This included MHA implying
to cure CHD only by certain yoga practices or solely by specific natural remedies. From a
clinical perspective, this misleading information can have harmful effects on affected users
such as not seeking professional medical advice or treatment.

Considering this, the lack of evidence regarding the usefulness and effectiveness of
MHA is concerning. Only one study [37] investigating the diagnostic accuracy of one
MHA could be found, which corresponds to previous app reviews, demonstrating little
evidence-base for commercially available MHA [38–41]. This is in line with a validation
study that included MHA for several health conditions and reported no evidence-base
for 94.8% of the 1299 included MHA [34]. As many of the included MHA only consist
of information texts or calculators, efficacy studies are rather inadequate, since symptom
reduction due to those MHA alone is unlikely. However, studies examining for example the
usability, feasibility, or user acceptance could be of importance and increase the scientific
discourse on MHA. This necessity is further increased by the fact, that only few MHA
(13.16%) were developed by credible sources such as universities, NGOs, or governmental
organizations.

Identified functions included information, CHD risk score calculators, reminders for
exercise or medication, feedback to data entries and health managers with goal setting
regarding exercise, weight, and nutrition. With regard to the overall conceptualization
of MHA we found that the majority comprised solely one or two functions while in only
seven apps (18.42%) three or more functions were employed. The number of employed
functions was positively correlated with the MARS total score, therefore those MHA with
several functions were mostly among the highest-rated apps. Most MHA were limited
to information and CHD risk score calculators. Thus, the majority of apps fall short
of their potential to foster behavior change in patients using reminders, notifications,
achievements, and encouragement and regarding important lifestyle changes like quitting
smoking, being more active, or eating healthier [42]. Nevertheless, the embedment of
MHA in current treatment models could most likely be valuable for patients as well as for
health care providers being able to quickly access patients’ data. Independent expert rating
platforms or databases such as www.mhad.science (accessed on 19 September 2021) or
https://mindapps.org (accessed on 19 September 2021) are necessary to support patients
and providers in finding and choosing reliable MHA of high quality [43].

This study has some limitations. First, the web crawler is limited to 200 apps per search
term and the European market. This might deform the results by omitting some MHA,
even though apps specifically developed for the US market were also found. Second, some
apps might be locally restricted and published for specific countries only. Additionally,
apps that required specific login/ access information were excluded, since they are not
instantly available for most users, reducing the number of MHA. Third, only MHA in
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German or English language and for the chosen search terms were covered. Therefore, the
number of included MHA is potentially not extensive and future studies could examine
the search terms that patients use when looking for CHD apps. Fourth, the development of
apps is very rapid [44], resulting in one app (‘Atherosclerosis’) no longer being available
for rating by the second reviewer and some apps no longer being detectable between the
first and second screening or for inclusion. Fifth, according to the standard procedure of
the MARS two reviewers rated the apps, even though more raters would lead to more
accurate estimates.

Sixth, with the MARS the quality of MHA is evaluated in regard to engagement,
functionality, aesthetics, and information quality. In addition to those dimensions, other
aspects might be relevant for app users as well and a high MARS score does not imply
a high effectiveness of the app. Hence, in future studies this systematic review of MHA
could be replicated with other instruments like ENLIGHT [45] or different suitable scales.

5. Conclusions

This first systematic evaluation of MHA for CHD demonstrated an average overall
quality of MHA (M = 3.38, SD = 0.36). The most common functions were information
texts and risk score calculators. Only few MHA provide a set of multiple functions and
incorporate behavior change techniques limiting the potential for lifestyle changes and
support in disease management of users. Most MHA were not developed by a credible
source and there is a considerable lack of scientific evidence for the usefulness and efficacy
of the included MHA. Nevertheless, some potentially helpful MHA were identified. The
results of this study will be made publicly available to users and healthcare providers at
www.mhad.science (accessed on 19 September 2021).
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Appendix A

Table A1. List of all search terms for coronary heart disease.

English German

Coronary heart disease Koronare Herzkrankheit
Coronary artery disease Koronare Herzerkrankung
Ischemic heart disease Ischämische Herzkrankheit

Heart disease Ischämische Herzerkrankung
Herzerkrankung Herzkrankheit
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Appendix B

Table A2. Functions of the included MHA.

n (%) Android
n (%)
iOS

Provision of information
News

Reference
Learning material

Player/Viewer
Broker

-
31 (100%)

-
5 (16.13%)

-

-
6 (85.71%)

-
1 (14.29%)

-

Data acquisition, processing and evaluation
Decision support

Calculator
Meter

Monitor
Surveillance/Tracker

3 (9.68%)
10 (32.26%)

-
1 (3.23%)

-

1 (14.29%)
3 (42.86%)

-
-
-

Administrative use
Administration - -

Calendar and appointment-related
Diary

Reminder
Calendar

1 (3.23%)
2 (6.45%)
2 (6.45%)

-
1 (14.29%)
1 (14.29%)

Support
Utility/Aid

Coach
Health manager

-
-

2 (6.45%)

-
-

1 (14.29%)

Other
Actuator

Communicator/Social network
Game
Store

-
1 (3.23%)

-
-

-
1 (14.29%)

-
-
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Abstract: Following the coronavirus disease-2019 pandemic, this study aimed to evaluate the overall
effects of remote blood pressure monitoring (RBPM) for urban-dwelling patients with hyperten-
sion and high accessibility to healthcare and provide updated quantitative summary data. Of
2721 database-searched articles from RBPM’s inception to November 2020, 32 high-quality studies
(48 comparisons) were selected as primary data for synthesis. A meta-analysis was undertaken using
a random effects model. Primary outcomes were changes in office systolic blood pressure (SBP) and
diastolic blood pressure (DBP) following RBPM. The secondary outcome was the BP control rate.
Compared with a usual care group, there was a decrease in SBP and DBP in the RBPM group (stan-
dardized mean difference 0.507 (95% confidence interval [CI] 0.339–0.675, p < 0.001; weighted mean
difference [WMD] 4.464 mmHg, p < 0.001) and 0.315 (CI 0.209–0.422, p < 0.001; WMD 2.075 mmHg,
p < 0.001), respectively). The RBPM group had a higher BP control rate based on a relative ratio
(RR) of 1.226 (1.107–1.358, p < 0.001). RBPM effects increased with increases in city size and frequent
monitoring, with decreases in intervention duration, and in cities without medically underserved
areas. RBPM is effective in reducing BP and in achieving target BP levels for urban-dwelling patients
with hypertension.

Keywords: blood pressure; remote monitoring; hypertension; telemedicine; urban

1. Introduction

Hypertension is widely recognized as the most important risk factor for cardiovascular
disease (CVD), which is a major cause of total mortality [1]. A 2 mmHg fall in systolic
blood pressure (SBP) has been reported to reduce the incidence of ischemic CVD and
stroke by 7% [2]. However, even in advanced countries, target blood pressure (BP) is
achieved in <50% of patients with hypertension [3,4]. The 2017 American College of
Cardiology/American Heart Association (ACC/AHA) and 2018 European Society of
Cardiology/European Society of Hypertension (ESC/ESH) treatment recommendations
state that BP must be controlled to stricter levels [5,6].

Remote BP monitoring (RBPM) has been recommended for hypertension diagnosis
and treatment [5,6], as it has been reported to predict CVD morbidity and mortality
with higher accuracy than office BP monitoring [7]. As a method of telemedicine, RBPM
is known to be an effective tool to enhance drug adherence and BP control in patients
with hypertension [8–12]. RBPM has been suggested as a potential solution to overcome
the geographical limitations of healthcare services [13], with significant effects shown
in randomized controlled trials (RCTs) and meta-analysis studies [10,14–16]. The 2017
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ACC/AHA guidelines also recommended RBPM for hypertension diagnosis and control,
and for enhancing patients’ drug adherence [6].

According to the United Nations, approximately 68% of the human population is
predicted to dwell in urban settings by 2050 [17]. Urbanization is a rapidly growing
21st century trend, with significant effects on human health. However, despite increased
interest in new health technologies, several studies have reported that remote monitoring
has limited application in urban settings where high-quality face-to-face care is possible
and healthcare accessibility is high [18,19]. Moreover, there is no comprehensive evidence
concerning the effect of RBPM in improving clinical outcomes of urban-dwelling patients
with hypertension or whether RBPM can become a standard treatment for hypertension
management.

In a previous meta-analysis of RCTs using the Jovell/Navarro-Rubio classification
system to determine the strength of evidence, RBPM showed statistically significant re-
ductions in SBP (3.48 mmHg) and diastolic BP (DBP, 1.64 mmHg) compared with usual
care (UC) after an average of 7.6 months for patients dwelling in an urban setting. In
terms of CVD prevention, however, RBPM induced <0.5% of CVD prevention in low-risk
patients with hypertension. Therefore, some studies have concluded that RBPM is of little
practical significance to policy-makers [20,21]. The coronavirus disease-2019 (COVID-19)
pandemic resulted in a steeply increased demand for telemedicine, even in urban settings,
for those otherwise having adequate availability and accessibility to healthcare services.
More generally, characteristically dense populations in cities have resulted in the rapid
spread of infectious diseases, leading to the expansion of infrastructure for non-face-to-face
care in line with a rapid increase in the use of the internet and mobile devices.

Considering the global rate of BP control, according to 2017 ACC/AHA guidelines for
hypertension diagnosis and control, which is the latest strict guideline for hypertension
diagnosis and control, the proportion of patients achieving the target BP is predicted to
decrease further. The use of remote medical care services suddenly increased during the
COVID-19 pandemic [14,22,23], and its use needs to be verified based on the integration
of previous findings, given that hypertension is a chronic disease requiring long-term
management for CVD prevention and for efficient healthcare policies to be implemented
in urban settings. Therefore, relevant studies need to be extended through an updated
compilation of BP data. The objective of our study is to evaluate whether RBPM could be
utilized as an alternative to standard treatment for urban-dwelling patients with hyper-
tension during the COVID-19 pandemic. Thus, this study aimed to determine the relative
effects of RBPM compared with UC based on outcomes including SBP, DBP, and BP control
rates. Intervention duration, city size, setting, frequency of remote transmission of BP
data, and the presence of medically underserved areas (MUAs) in the city were analyzed
as secondary factors to evaluate the effects of RBPM. We hypothesized that the effects of
RBPM were equivalent to those of UC. To test this hypothesis, relevant, up-to-date RCTs
were systematically reviewed and transparent and reliable quantitative data synthesis
was performed.

2. Materials and Methods

2.1. Searching for Eligible Studies

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines of the Cochrane Collaboration and a checklist was provided
[Supplementary Materials] [24]. To identify eligible studies, two investigators (SHP and
JHS) independently searched the following electronic databases: PubMed, EBSCOhost,
Embase, and the Cochrane Library, from RBPM’s inception to November 30, 2020. Free
terms were used, including and related to urban, hypertension, and remote monitoring, along
with medical subject heading (MeSH) terms. Truncation and phrasing methods were
applied to derive a structured search formula [20] (Appendix A). The formula was first
applied to the Cochrane Library and then converted to suit each database for the subsequent
search. Articles written in English were retrieved. To include as many relevant articles
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as possible, all systematic reviews and meta-analyses related to the search themes were
collected from each database and Google Scholar, and their reference lists were reviewed.
To identify gray literature, relevant websites were used, and all studies including those in
which the city area was not clearly defined were identified through a manual search.

2.2. Inclusion and Exclusion Criteria

All included studies were blinded RCT studies with random and uniform allocation
of patients with hypertension into an RBPM group and a traditional face-to-face UC group.
Articles reporting pre- and post-intervention data were targeted, with participants satis-
fying the following criteria: (1) patients with hypertension under management through
regular visits to an urban medical institution; (2) patients able to measure their own BP at
home; (3) patients able to transmit their BP data to the physician via post, phone, Bluetooth
device, mobile phone, web, or computer (wired or wireless); (4) adults aged ≥18 years;
(5) BP measurement through ambulatory monitoring; and (6) various transmission meth-
ods from real-time or a stored and forward method to an automatic or manual method.
Exclusion criteria comprised the following: (1) sudden BP changes due to an acute CVD
or cerebrovascular accident (CVA); (2) patients undergoing hemodialysis due to acute
or chronic renal disease; (3) female patients before and after pregnancy; (4) cases not re-
ported for urban areas or cases for urban and rural areas reported together; (5) cases from
unclear target areas; (6) cases where monitoring was aided by medical staff at a nursing
management unit or care facility; and (7) cluster trials or cross-over studies.

2.3. Study Selection

The citations retrieved from each database were exported to EndNote X8.2, and two
investigators (SHP and JHS) independently eliminated those not satisfying the criteria to
confirm the reliability of identification. First, the title and abstract were screened, and for
studies satisfying the criteria, full texts were obtained and scrutinized. Primary studies
were selected independently, and their reference lists were reviewed. Final articles for data
synthesis were determined after discussion with the senior author (WSC).

2.4. Data Extraction and Coding

For the selected studies, data extraction was performed independently by two in-
vestigators (JHS and WSC), and relevant values were coded in an electronic sheet. The
extracted data included demographic and pre- and post-intervention SBP and DBP data.
BP data were mostly obtained using an automated device and, in the case of ambulatory
BP monitoring (ABPM), the mean of each group was calculated and coded. If an article
did not report BP values or standard deviations (SDs), preventing calculations with a 95%
confidence interval, the values were first checked on the trial registries website and, in cases
where the required information could not be obtained, an attempt was made to contact
the author of the article [25,26]. Articles that satisfied the inclusion criteria but did not
report the main BP data were excluded from the final data synthesis. For some studies with
missing SDs, data imputation was performed using a simple method [27,28]. The mean of
all other studies, excluding those with missing data, was obtained. Regarding the rate of
BP control, the number of patients satisfying the level of normal BP, determined during the
final follow-up period of comparison in each study, was calculated and compared between
the two groups. If a single primary study included several different follow-up periods for
comparison [26–35]; applied a different, additional intervention [25,34]; or had multiple
varying sample sizes and thus reported varying results, each result was included in the
analysis as an independent study. Disagreements between investigators were resolved
through consultation with the senior author (WSC).

2.5. Quality Assessment and Publication Bias

The quality assessment of the primary studies included evaluating the risk of bias
(RoB) and was performed independently by two investigators (SHP and JP). Using the
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Review Manager program (RevMan, version 5.3.5, Copenhagen, Denmark) software from
the Cochrane Collaboration, the evaluation was performed according to the Cochrane
Handbook for Systematic Reviews of Interventions guidelines [24,36]. Disagreements were
resolved through discussion among investigators. To identify publication bias, Egger’s
regression, classic fail-safe N, Duval and Tweedie’s trim-and-fill method, and funnel plots
were used.

2.6. Statistical Analysis

To ensure the reliability of the analysis, coded data were analyzed by two investigators
(SHP & JHS) using Comprehensive Meta-Analysis version 2 (CMA, Biostat, Englewood,
NJ, USA) software. For primary outcomes, continuous variables comprised the weighted
mean difference (WMD) and the standardized mean difference (SMD) obtained from the
mean SBP and DBP values measured at baseline and during follow-up in the office. Despite
divided opinions regarding the use of continuous variables, SMD has shown a trend of
higher statistically significant generalizability and percentage agreement than the WMD in
a random effects model (REM) and a fixed effects model (FEM) [37,38]. Therefore, SMD
was used in this study to report the results of the data synthesis for continuous variables.
Considering the generalizability of each result, the WMD was additionally estimated for
comparing the subgroup results [38]. Based on Cohen’s general rule of thumb, the effect
size was set as follows: SMD 0.2 (small effect); SMD 0.5 (medium effect), and SMD 0.8
(large effect) [39]. Accordingly, when the SMD was ≥0.5, we considered the effect size to
be significant in this study. The rate of BP control was a dichotomous variable, for which
BP normalization data were extracted from each study, and effect size based on relative
risk (RR) was used. A 95% confidence interval (CI) was used for all data. To analyze the
inter-rater difference, a χ2 test was used and the level of significance was set to p < 0.10. The
model of analysis was applied after assessing the enrolled population of each study and the
heterogeneity among research centers. Between-study heterogeneity was presented using
Tau-squared (τ2) and I-squared (I2) indices, and the adequacy of results was determined
based on Cohen’s general rule of thumb [40]. Therefore, in this study, 30 ≤ I2 ≤ 60 indicated
moderate heterogeneity and 50 ≤ I2 ≤ 90 indicated substantial heterogeneity [39]. To assess
the quality of each trial and the consequent impact on the overall effect size, sensitivity
was tested using the “one study removed” method (Appendix B, Figure A1). A cumulative
analysis was run for a total of 48 comparisons, and the range of summary effect sizes at
each step according to temporal progression was determined. p-values and the presence of
outliers affecting the overall effect size were also determined (Appendix C, Figure A2). An
additional sensitivity test was performed to determine differences between the data before
and after imputing the missing values.

3. Results

3.1. Study Characteristics

Through an initial search of available databases, reference to trial registries, and a
manual search of reference lists, a total of 2721 citations were retrieved (Figure 1). Of
these, 992 duplicates were removed, leaving 1729 citations to be identified. Next, titles
and abstracts for each identified citation were screened, and 1217 irrelevant citations
were excluded. For the remaining 512 articles, the full text was obtained and scrutinized,
and studies without available data (n = 206), studies not performed in an urban area,
studies either reporting combined results of urban and rural areas or not reporting the
area (n = 192), studies conducted on patients with CVD or CVA that may induce a sudden
change in BP, studies conducted on patients undergoing hemodialysis or including patients
with chronic renal disease, and studies involving female patients before or after pregnancy
(n = 46) or patients aged <18 years (n = 21) were excluded. In total, 32 independent studies
(48 comparisons) satisfying the inclusion criteria were used in the final data synthesis
(Table 1).
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Figure 1. PRISMA flow of study. Abbreviations: BP, blood pressure; CVD, cardiovascular disease; CVA, cerebro-vascular
accident; DBP, diastolic blood pressure; SBP, systolic blood pressure.

For the primary studies included in the meta-analysis in this study, the duration
of RBPM was 2–18 months (mean, 7.37 months), and the number of participants in the
UC and RBPM groups was 5666 and 5729, respectively. The mean age of participants
in the UC and RBPM groups was 52.63 and 52.17 years, respectively. No significant
intergroup differences were found in terms of sex and baseline BP. No differences in
ethnicity were observed. Fourteen studies were conducted in primary medical institutions,
12 in community healthcare centers, and 22 in hospitals or higher-level institutions. The
completion dates were in or prior to the year 2000 for two studies [41,42], between 2001
and 2010 for 14 studies [25,29,43–50], and between 2011 and 2020 for 32 studies. Seven
studies had used mean values for ABPM [47,48,50–54].
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3.2. Risk Assessment

To check for bias in RCT studies, the Cochrane Group’s RoB tool of the Cochrane
group was used for domain analysis based on a checklist. Across seven domains, a low
risk of selection bias related to sequence generation or allocation concealment was shown.
Similarly, the risk of detection bias related to blinding of personnel and patients was
appropriately reported. Concerning attrition bias (incomplete outcome data), an unclear
or sufficiently high risk was shown that raised concern in a number of studies; however,
as most studies showed a low risk (≥4) across the seven domains, the overall RoB was
deemed to be low [62].

Egger’s regression intercept was 4.516 (1.363–7.669; p = 0.005) in two-tailed 95%
CIs [37]. The number of studies needed to attain p > 0.05 for a classic fail-safe N was 5085.
The point estimate of SBP in Duval and Tweedie’s trim-and-fill analysis (SMD, 0.507 mmHg
(0.339–0.645, p < 0.001); WMD, 4.464 mmHg (p < 0.001)) coincided with the summary effect
size, while no imputed study was found in the funnel plot (Figure 2) [63]. The SMD of
DBP was 0.253 (0.215–0.292), and no study was trimmed (Figure 3). In the analysis of the
rate of target BP achievement, RR was 1.237 (1.107–1.381), three studies were imputed, and
the adjusted value was 1.161 (1.032–1.306, Figure 4). Although RoB assessment detected
a certain level of publication bias, the overall data were statistically significant and the
analysis results were not rejected.
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Figure 2. A funnel plot of the standardized mean difference in systolic blood pressure. Note: summary effect size (�),
summary effect size of imputed studies (◆), individual study (�).

275



Int. J. Environ. Res. Public Health 2021, 18, 10583

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.0

0.1

0.2

0.3

0.4

0.5

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

Figure 3. A funnel plot of standardized mean difference in diastolic blood pressure. Note: summary effect size (�), summary
effect size of imputed studies (◆), individual study (�).
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Figure 4. A funnel plot of relative risk for the target blood pressure rate. Note: summary effect size (�), imputed study (•),
summary effect size of imputed studies (◆), individual study (�).
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A sensitivity test was performed for studies that had been included to prevent small-
study effects, excluding those with a sample size of ≤50 for the RBPM group [64]. The test
results showed an SMD of 0.501 mmHg (0.313–0.689, p < 0.001) and a WMD of 4.238 mmHg
(p < 0.001), indicating that the difference from the overall summary effect size was not clini-
cally significant and that the potential small-study effect was not significant in this study.

3.3. Primary Outcomes
3.3.1. Systolic Blood Pressure

Across 32 independent studies (48 comparisons), 11,395 patients (UC group, n =
5666; RBPM group, n = 5,729) were analyzed for SBP [25–35,41–61]. The summary SMD
was 0.507 (0.339–0.675, p < 0.001), showing an above moderate effect size, and the WMD
after conversion was 4.464 mmHg (3.371–5.556, p < 0.001; Figure 5). The between-group
heterogeneity was significant (I2 = 70.908%, p < 0.001). To determine the effect of individual
studies on the total summary effect size, a sensitivity test was performed using the “one
study removed” method, whereby each study was sequentially omitted (Appendix B).
Here, the point estimate of the summary effect size showed no significant difference and
no outliers were detected.

Outcome Author (year) (ref.) Statistics for each study

Std diff Lower Upper 
in means limit limit Z-Value p-Value

SBP Friedman,1996 0.023 -0.217 0.263 0.189 0.850
SBP Hill,1999 0.150 -0.165 0.465 0.932 0.352
SBP McMahon,2005 0.157 -0.305 0.620 0.667 0.505
SBP Shea,2006 0.150 -0.001 0.300 1.946 0.052
SBP Artinian,2007A 0.409 0.188 0.630 3.626 0.000
SBP Artinian,2007B 0.137 -0.078 0.353 1.248 0.212
SBP Artinian,2007C 0.185 -0.030 0.399 1.689 0.091
SBP Bosworth,2007A 2.067 1.784 2.349 14.330 0.000
SBP Bosworth,2007B 4.267 3.854 4.679 20.280 0.000
SBP Bosworth,2007C 2.200 1.910 2.490 14.888 0.000
SBP Carrasco,2008 0.221 -0.017 0.460 1.822 0.069
SBP Green,2008 0.236 0.059 0.413 2.608 0.009
SBP Madsen,2008 0.200 -0.063 0.464 1.489 0.137
SBP Parati,2009 0.012 -0.223 0.246 0.097 0.923
SBP Park MJ,2009 1.341 0.716 1.966 4.206 0.000
SBP Varis,2010 0.377 0.058 0.695 2.320 0.020
SBP Bosworth,2011 0.180 -0.062 0.422 1.459 0.145
SBP Neumann,2011 0.642 0.109 1.174 2.362 0.018
SBP Wakefield,2011 0.275 -0.019 0.570 1.834 0.067
SBP Hebert,2012A 0.057 -0.232 0.346 0.387 0.698
SBP Hebert,2012B 0.130 -0.163 0.424 0.870 0.384
SBP Logan,2012 0.518 0.129 0.908 2.612 0.009
SBP Migneault,2012 0.134 -0.080 0.347 1.225 0.221
SBP Park MJ, 2012 0.597 0.108 1.087 2.392 0.017
SBP Bove,2013 0.224 -0.051 0.498 1.598 0.110
SBP Cicolini,2013A 0.133 -0.146 0.412 0.934 0.350
SBP Cicolini,2013B 0.706 0.419 0.993 4.820 0.000
SBP Kerry,2013A 0.105 -0.109 0.319 0.962 0.336
SBP Kerry,2013B 0.131 -0.082 0.345 1.205 0.228
SBP Kim KB,2014A 0.438 0.236 0.641 4.237 0.000
SBP Kim KB,2014B 0.228 0.024 0.432 2.190 0.029
SBP Kim KB,2014C 0.228 0.023 0.432 2.180 0.029
SBP Wakefield,2014 0.139 -0.269 0.547 0.669 0.504
SBP Yi,2015 0.014 -0.139 0.166 0.177 0.860
SBP Rubinstein, 2016A 0.078 -0.090 0.246 0.907 0.364
SBP Rubinstein, 2016B 0.019 -0.148 0.185 0.218 0.827
SBP Hoffmann,2017 0.122 -0.086 0.330 1.145 0.252
SBP Pan,2018A 0.440 0.056 0.824 2.248 0.025
SBP Pan,2018B 0.421 0.038 0.804 2.152 0.031
SBP Ionov,2020 1.390 1.094 1.686 9.211 0.000
SBP Mohsen,2020A 0.923 0.511 1.335 4.387 0.000
SBP Mohsen,2020B 1.926 1.452 2.401 7.961 0.000
SBP Rahmani Pour,2020A 0.440 -0.172 1.052 1.408 0.159
SBP Rahmani Pour,2020B 0.820 0.190 1.450 2.552 0.011
SBP Rahmani Pour,2020C 0.023 -0.582 0.628 0.074 0.941
SBP Rahmani Pour,2020D 0.303 -0.305 0.912 0.977 0.328
SBP Zha,2020A 0.389 -0.403 1.181 0.962 0.336
SBP Zha,2020B 0.729 -0.081 1.539 1.763 0.078

0.507 0.339 0.675 5.915 0.000
-4.00 -2.00 0.00 2.00

Favors UC Favors RBPM

Figure 5. A forest plot of standardized mean difference in systolic blood pressure. Note: point estimate of individual study
(•), summary effect size (◆); SBP, systolic blood pressure; UC, usual care; RBPM, remote blood pressure monitoring.
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When the average effect of RBPM was chronologically divided into three time-
frames and compared with the UC group (Phase I, inception of RBPM to 2000; phase II,
2001–2010; phase III, 2011–2020), the WMD was 1.515 mmHg (n = 2, −4.031–7.061, p = 0.592;
I2 = 0.000%, p = 0.478) in phase I [41,42], 4.333 mmHg (n = 14, 2.338–6.328, p < 0.001;
I2 = 38.554, p < 0.001) in phase II [25,29,43–50], and 4.719 mmHg (n = 32, 3.343–6.094,
p < 0.001; I2 = 77.361%, p < 0.001) in phase III [26–28,30–35,51–61].

3.3.2. Diastolic Blood Pressure

To determine the effect of RBPM on DBP, data concerning 10,482 patients (UC group,
n = 5192; RBPM group, n = 5290) were analyzed across 29 studies (44 comparisons) [25,27–
35,41–54,56–59,61]. Compared with the UC group, the RBPM group showed greater BP
reduction (SMD, 0.315 mmHg (0.209–0.402), p < 0.001; WMD, 2.075 mmHg (1.399–2.750)
p < 0.001) after conversion (Figure 6). The between-study heterogeneity was substantial (I2,
68.021%; p < 0.001). No outliers were detected in the sensitivity test performed through
sequentially omitting each study.

Outcome Author (year) (ref.) Statistics for each study

Std diff Lower Upper 
in means limit limit Z-Value p-Value

DBP Friedman,1996 0.207 -0.034 0.447 1.684 0.092
DBP Hill,1999 0.159 -0.156 0.474 0.988 0.323
DBP McMahon,2005 0.083 -0.379 0.545 0.351 0.725
DBP Shea,2006 0.215 0.065 0.366 2.801 0.005
DBP Artinian,2007A 0.314 0.094 0.534 2.793 0.005
DBP Artinian,2007B 0.060 -0.156 0.275 0.542 0.588
DBP Artinian,2007C 0.062 -0.152 0.276 0.569 0.569
DBP Bosworth,2007A 0.333 0.104 0.563 2.843 0.004
DBP Bosworth,2007B 1.111 0.866 1.356 8.896 0.000
DBP Bosworth,2007C 1.111 0.865 1.357 8.866 0.000
DBP Carrasco,2008 0.090 -0.147 0.328 0.745 0.456
DBP Green,2008 0.083 -0.094 0.259 0.916 0.359
DBP Madsen,2008 0.104 -0.159 0.367 0.774 0.439
DBP Parati,2009 0.039 -0.196 0.274 0.328 0.743
DBP Park MJ,2009 0.972 0.374 1.569 3.187 0.001
DBP Varis,2010 0.358 0.040 0.676 2.204 0.027
DBP Bosworth,2011 0.029 -0.212 0.270 0.235 0.814
DBP Neumann,2011 0.193 -0.327 0.714 0.727 0.467
DBP Hebert,2012A 0.134 -0.155 0.424 0.908 0.364
DBP Hebert,2012B 0.104 -0.189 0.398 0.696 0.487
DBP Logan,2012 0.379 -0.007 0.765 1.923 0.054
DBP Migneault,2012 0.116 -0.098 0.330 1.065 0.287
DBP Park MJ, 2012 0.705 0.212 1.199 2.800 0.005
DBP Bove,2013 0.200 -0.054 0.453 1.545 0.122
DBP Cicolini,2013A 0.023 -0.255 0.302 0.163 0.871
DBP Cicolini,2013B 0.723 0.436 1.011 4.931 0.000
DBP Kim KB,2014A 0.273 0.071 0.474 2.656 0.008
DBP Kim KB,2014B 0.381 0.176 0.586 3.638 0.000
DBP Kim KB,2014C 0.199 -0.006 0.404 1.907 0.057
DBP Yi,2015 0.050 -0.103 0.202 0.636 0.525
DBP Rubinstein, 2016A 0.091 -0.076 0.259 1.068 0.285
DBP Rubinstein, 2016B 0.024 -0.142 0.191 0.287 0.774
DBP Hoffmann,2017 0.114 -0.094 0.322 1.077 0.281
DBP Pan,2018A 0.350 -0.032 0.732 1.794 0.073
DBP Pan,2018B 0.309 -0.073 0.690 1.586 0.113
DBP Ionov,2020 1.991 1.669 2.313 12.113 0.000
DBP Mohsen,2020A 0.317 -0.077 0.712 1.577 0.115
DBP Mohsen,2020B 1.066 0.647 1.485 4.987 0.000
DBP Rahmani Pour,2020A 0.486 -0.128 1.100 1.553 0.120
DBP Rahmani Pour,2020B 0.006 -0.598 0.611 0.021 0.983
DBP Rahmani Pour,2020C 0.049 -0.555 0.654 0.160 0.873
DBP Rahmani Pour,2020D 0.395 -0.216 1.005 1.267 0.205
DBP Zha,2020A 0.124 -0.661 0.909 0.310 0.757
DBP Zha,2020B 0.072 -0.712 0.857 0.181 0.856

0.315 0.209 0.422 5.801 0.000
-4.00 -2.00 0.00 2.00

Favors UC Favors RBPM

Figure 6. A forest plot of standardized mean difference in diastolic blood pressure. Note: point estimate of individual study
(•), summary effect size (◆); DBP, diastolic blood pressure; UC, usual care; RBPM, remote blood pressure monitoring.
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The WMD according to time interval was 2.059 mmHg in phase I (n = 2, −1.143–5.262,
p = 0.208; I2 = 0.000%, p = 0.45)[41,42], 1.587 mmHg in phase II (n = 14, 0.421–2.753, p < 0.001;
I2 = 17.407%, p < 0.001) [25,29,43–50], and 2.348 mmHg in phase III (n = 28; 1.480–3.216,
p < 0.001; I2 = 76.230%, p < 0.001) [26–28,30–35,51–61].

3.3.3. Target Blood Pressure Rate

To determine the effect of RBPM, the rate of BP control was estimated based on BP
normalization criteria defined in each primary study. Across 16 studies (25 comparisons),
the data of 2655 patients in the UC group and 2816 patients in the RBPM group were
comprehensively analyzed [13,25,30–33,45–47,50–53,59,61]. Compared with the UC group,
the RBPM group showed a significant effect, with an approximately 23.7% higher im-
provement in BP control based on RR (RR= 1.226 (1.107–1.358), p < 0.001; Figure 7). The
between-study heterogeneity was substantial (I2 = 70.656%; p < 0.001). No significant
difference in summary effect size was found in the sensitivity test.

Figure 7. Risk ratio of target blood pressure using remote blood pressure monitoring. Note: point estimate of individual
study (•), summary effect size (◆); BP, blood pressure; UC, usual care; RBPM, remote blood pressure monitoring.

3.4. Subgroup Analysis
3.4.1. City Size

Generally accepted international criteria define city size according to population size
in a given area. In this study, a metropolitan city was defined as a city with a population of
at least one million. Thus, the RCT studies included in this study were categorized based
on city size as either a small-to-medium-sized city study or a large city study, and the two
categories were analyzed separately. Population size was estimated from the data of the
latest international population survey performed in the nearest period of time to this study.
Of the 48 studies, 22 were conducted in small-to-medium cities [25,28,29,32,41–43,46,47,50,
51,54–57] and 26 were conducted in large cities [26,27,30,31,33–35,44,45,48,49,52,53,58–61].
For the former, the SBP showed a WMD of 3.860 mmHg (2.271–5.450, p < 0.001) without
between-study heterogeneity (I2 = 0.000, p = 0.478; Tau2 = 0.000). For the latter, the SBP
showed a WMD of 5.056 mmHg (3.503–6.609, p < 0.001) with a significant level of between-
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study heterogeneity (I2 = 82.177%, p < 0.001, Tau2 = 17.368); the magnitude of the effect
size was above moderate.

3.4.2. Medically Underserved Areas

The presence of MUAs for each group was reflected in the analysis only if the study
clearly indicated the respective area. As a result, 17 studies were categorized as MUAs [28,
29,31,32,35,41,44,57,59,61] and 31 as non-MUAs [25–27,30,33,34,42,43,45–56,58,60]. In terms
of MUAs, the effect of RBPM on SBP showed a WMD of 3.213 mmHg (1.521–4.905,
p < 0.001), with I2 = 48.904% (p = 0.012, Tau2 = 2.793), indicating a moderate degree
of between-study heterogeneity based on Cohen’s rule of thumb. In contrast, in non-MUAs,
the effect of RBPM on SBP showed a WMD of 5.224 mmHg (3.878–6.569; p < 0.001), with
I2 = 73.152% (p < 0.001, Tau2 = 12.943).

3.4.3. Duration of Intervention

The effect of reduced SBP based on the WMD varied according to the duration of the
intervention. For an intervention duration ≤3 months [27–30,33,34,49,51,52,54,58,60], the
effect was a WMD of 6.219 mmHg (n = 15, 3.970–8.468, p < 0.001; I2 = 70.060, p < 0.001).
For 6 months [26–30,32,33,35,42,45,47,48,55,59], the effect was a WMD of 4.491 mmHg
(n = 14, 2.461–6.521, p < 0.001; I2 = 84.562, p < 0.001). For 12 months, the effect was a WMD
of 3.446 mmHg (n = 12, 1.209–5.683, p = 0.003; I2 = 34.656, p = 0.113). The rate of BP control
had an RR of 1.540 (n = 6, 1.223–1.939, p < 0.001) after 3 months [27,30,33,51,52,54], an RR
of 1.159 (n = 11, 1.002–1.341, p = 0.047) after 6 months [25,27,30,32,33,45,47,48,59], and an
RR of 1.167 (n = 5, 0.930–1.464, p = 0.183) after 12 months [32,46,50,53,61] (Appendix D,
Figure A3).

3.4.4. Setting

The BP reducing effect was analyzed according to the size of the medical institution
where RBPM was mainly performed. In primary care clinics, the WMD was 2.981 mmHg
(n = 14, 1.323–4.639, p < 0.001; I2 = 45.343, p = 0.034) [25,35,44,45,47,48,50,51,53,54,56]. In
community health centers, the WMD was 3.512 mmHg (n = 12, 1.651–5.373, p < 0.001;
I2 = 31.670, p < 0.001) [27–30,42,57,61], and the WMD at hospital level was 6.333 mmHg
(n = 22, 4.750–7.917, p < 0.001; I2 = 73.401, p < 0.001) [26,31–34,41,43,46,49,52,55,58–60].

3.4.5. Frequency of Remote Transmission of Blood Pressure Data

In the primary studies in which the frequency of remote BP transmission was re-
ported, when BP information was transmitted daily, the WMD was 5.881 mmHg (n = 13,
3.898–7.864, p < 0.001; I2 = 14.635, p < 0.001) [27,34,49,53–55,59–61]. For weekly BP trans-
mission, the WMD was 4.024 (n = 15, 2.641–5.406, p < 0.001; I2 = 54.610, p < 0.001) [28,30,
32,42,43,45,47,52,56–58]. For biweekly BP transmission, the WMD was 3.941 mmHg (n = 4,
1.428–6.454, p < 0.001; I2 = 0.000). For monthly BP transmission, the WMD was 1.803 mmHg
(n = 6, −0.234–3.841, p = 0.083; I2 = 21.639, p = 0.056) [26,35,41,50].

4. Discussion

The development of healthcare infrastructure and physicians’ preference for practice
in an urban setting implies higher accessibility to healthcare and higher patient satisfaction
regarding healthcare [65]. However, the COVID-19 pandemic has raised concerns regarding
face-to-face care in cities being a potential infection route between healthcare professionals
and patients. In this study, data published since September 2018 were included and
integrated with data from previous studies to undertake an updated analysis.

Compared with UC, RBPM for urban-dwelling patients with hypertension was found
to significantly reduce SBP and DBP in both statistical and clinical terms, while improving
the rate of BP control. Following RBPM, SBP and DBP WMDs decreased by 4.464 mmHg
and 2.075 mmHg, respectively, compared with UC. This change, observed through quanti-
tative data, showed a greater margin of decrease than reported in a previous meta-analysis
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(SBP, 3.482 mmHg; DBP, 1.638 mmHg) [20]. Moreover, according to the temporal interval,
the decrease in SBP (1.515 vs. 4.719 mmHg) and DBP (2.059 vs. 2.438 mmHg) in phase III
was significantly greater than that in phase I. Therefore, we consider that the demand for
RBPM has increased in line with technological advancements, the increased use of mobile
devices, and the acceptance of new technologies [66].

RBPM is frequently used in pilot projects preceding the full launch of telemedicine, as it
is relatively simple and cost-effective compared with other types of telemedicine. However,
reports on the effect of RBPM on the rate of BP control have been inconsistent across
numerous previous studies [14]. In this study, where additional data were comprehensively
analyzed to extend the meta-analysis, RBPM led to an approximately 20% higher rate of BP
control than UC. This is a greater magnitude of improvement than the 13% figure reported
in a previous analysis [20]. Considering that the rate of BP control is <50% in traditional
face-to-face care, even in countries with advanced healthcare systems, an improvement of
20% is indicative of a highly significant contribution to the prevention of CVD [67].

The ultimate objective behind attempts to lower and control BP in patients with
hypertension and to bring it closer to a target BP is to reduce the incidence of CVD. However,
in the meta-analysis in this study, data were not analyzed in relation to cardiovascular (CV)
events because the included RCTs primarily showed outcomes that targeted changes in BP
or the rate of BP control, not CV events. Nevertheless, the effect of RBPM on CV events
in urban-dwelling patients with hypertension can be conjectured based on the results
of previous studies. In a previous large-scale meta-analysis on prospective monitoring,
including randomized, controlled, placebo trials or anti-hypertensive studies, a decrease
of 2–3 mmHg in SBP in patients with a moderate risk of CVD was shown to cause a 10%
reduction in CV mortality and a 20–30% reduction in major adverse CV events [2,68–70].
Thus, the observed decrease in SBP of 4.464 mmHg in this study, when the WMD was
compared between UC and RBPM, is clinically significant and potentially contributes to
reducing CV events.

The effect size of the primary outcomes was set as the SMD and, as it showed moderate-
to-high heterogeneity (I2 = 70.908%; p < 0.001), a subgroup analysis was performed (Ap-
pendix E, Table A1). First, the analysis according to city size (based on population size)
showed that the effect of RBPM was greater in cities with a population of ≥1 million (SBP,
3.860 mmHg, p < 0.001; I2 = 0.000, p = 0.478) than in small-to-medium cities with a smaller
population, although within-study heterogeneity was high (I2 = 82.177, p < 0.001). The
effect of RBPM in reducing SBP was statistically significant compared with UC, irrespective
of city size. The rate of BP control also showed greater effects in large cities (RR, 1.268;
p < 0.001) than in small-to-medium-sized cities (RR, 1.157; p = 0.094). In a previous liter-
ature review, the intervention effect was found to be smaller in larger cities (large city,
3.229 mmHg vs. small-to-medium city, 3.765 mmHg), where the difference was considered
to be associated with the difference in technological utility based on acceptance [66]. In
particular, there was a sudden rise in demand for telemedicine to avoid the transmission of
infectious diseases in response to the COVID-19 pandemic in 2020 [71,72].

Second, subgroup analysis was also performed according to urban MUAs in terms
of healthcare accessibility. The decrease in BP in relation to RBPM in non-MUAs was
5.224 mmHg (I2 = 73.152%, p < 0.001), indicating a greater effect of RBPM in reducing
SBP compared with MUAs (3.213 mmHg, p < 0.001; I2 = 48.904%, p = 0.012). The extent
to which the level of within-study heterogeneity affects the summary effect size remains
unclear, but the results of the analysis provided supporting evidence for determining the
overall effect. Although a precise reason for this result could not be identified in this study,
the following factors may be considered: changes in attitudes towards the use of mobile
devices and chronic disease management and changes in economic lifestyle related to
reduced opportunities for healthcare. These results may be used as evidence by healthcare
policy-makers to support the need for differentiated policies for the supply of telemedicine
in urban settings.
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Third, a subgroup analysis was also performed concerning the duration of inter-
vention. No optimal schedule has been established for the period of management of
hypertension based on RBPM and the frequency of remote transmission of data [47,73].
Despite slight differences in the magnitude of reduction in SBP, RBPM in this study showed
a consistent effect of reducing SBP, regardless of duration. Nonetheless, as the intervention
duration increased, the level of BP reduction decreased. The reason for such a decrease
could not be clearly identified, but possible causes may be fatigue, indifference, and inade-
quate level of perceived utility due to the prolonged performance of the intervention [73,74].
However, considering that it is essential to achieve a target BP as early as possible in pa-
tients with hypertension to prevent CVD, the effect of RBPM on the early outcome of BP
reduction may be emphasized for its use in practice. The optimal duration of RBPM should
be limited to a short period of time due to hypertension being a chronic disease requiring
long-term management.

Fourth, in this updated study, subgroup analysis was undertaken according to the
setting where RBPM was mainly implemented. Accordingly, when the intervention was
performed at a tertiary hospital, RBPM had a significant reduction in BP (6.33 mmHg,
p < 0.001; I2 = 73.401%, p < 0.001). The same numerical comparison was not compared in
each group and, in the case of hospitals, its size was not analyzed separately; however, the
results were statistically significant and included a sufficient number of studies to support
the results; therefore, the significance of the results should not be ignored. The reason
that RBPM had a higher BP lowering effect in tertiary medical institutions than in primary
medical institutions may be due to the greater financial and human resource capacity in
tertiary medical institutions [75].

Finally, this study observed the effect of RBPM with respect to the frequency of trans-
mission of BP data. In the case of daily transmission, the WMD decreased by 5.881 mmHg.
In contrast, in the case of monthly transmission, a decrease of 1.803 mmHg was observed.
Some conflicting studies show that the higher the frequency of remote transmission, the
lower the BP reduction effect [60,61]. However, in our study on cities, the longer the
transmission interval, the lower the effect.

In previous meta-analyses, the number of studies conducted in urban settings was
insufficient, and no study showed a change according to temporal progression. In this
updated research, we included a comparison of the average effect over time, which was
not covered in previous studies, and the effect according to the frequency of setting and
data teletransmission. In particular, in our previous meta-analysis, it was reported that
the effect of RBPM on patients with hypertension in metropolitan cities was not as large
as that in small and medium cities. However, in this updated study, we found that the
decrease in SBP and DBP was large in cities with a population of ≥1 million. Therefore, this
study addressed the limitations of previous studies. Advancements in telecommunication
technology have led to increased use of remote monitoring in healthcare [76]. In situations
where physical distancing is emphasized, such as in the case of COVID-19, it is essential
to assess the effects of RBPM in an urban setting [77]. To our knowledge, this study
is the first meta-analysis to assess the effects of RBPM in urban-dwelling patients with
hypertension from RBPM inception to the end of November 2020, including during the
COVID-19 pandemic period, and these comprehensive results may provide a clinical basis
for developing future healthcare policies.

In this study, a structured formula was applied, and a transparent process was fol-
lowed to analyze RCTs with a high level of evidence. However, this study had some
limitations. First, although the final studies were selected through a structured search using
reliable databases, there may have been a language barrier. No outlier was found to have
an influence on the summary effect size through the “one-study removed” sensitivity test
method and a cumulative meta-analysis; however, selecting articles in different languages
may have prevented adequate accounting for errors. Although most abstracts included
in the search were written in English, the collected data may not have been sufficient. To
overcome this limitation, multiple languages need to be set in the search with a wider scope
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to include gray literature. Second, the number of small-sized articles was insufficient to
test for publication errors. Egger’s test for the results in this study was used to determine
combined two-tailed p-value significance, and the number of articles with a nil result in
terms of a 95% CI was as high as 2898, which increased reliability. Nevertheless, there
remained the possibility of publication errors. This limitation could be addressed through
including a larger number of small-sized articles. Third, as the studies included in this
meta-analysis varied in terms of the period when they were conducted, the criteria for
target BP reflected in the rate of BP control may also have varied. Thus, further studies
should set a clear BP target for collecting and synthesizing the data to produce more
accurate results. Fourth, the authors categorized time intervals to compare the average
SBP according to time interval and to quantify the results, which involved dividing the
studies according to time based on the year 2000, when internet use expanded globally, and
making simple comparisons at 10-year intervals thereafter. However, distinctions between
time intervals may have been unclear. Although it is not possible to clearly divide the
development time of telemedicine technology, we consider that the timeframe could be
set more precisely based on historical developments in mobile communication technology
and telemedicine. Finally, we examined trends in the effect of RBPM over time through
categorizing studies based on their publication dates to indicate the temporal association
with COVID-19. However, since differences between the actual dates of research and publi-
cation dates are possible, a future study should clarify the dates during which studies were
conducted or include more studies published after the onset of the COVID-19 pandemic to
address this limitation.

5. Conclusions

Our study findings indicated that RBPM for urban-dwelling patients with hyperten-
sion was a practical and clinically effective means of reducing office BP. As the cumulative
analysis shows, a consistent and clear effect was found in terms of reduction in office SBP
following RBPM according to the temporal progress of the primary studies included in this
study; an identical trend was found for 2020.

Based on the primary findings, the effects were classified according to intervention
duration, city size, setting, frequency of remote monitoring of BP data, and urban MUAs,
and it is anticipated that the implementation of specific policies in relation to these factors
would more effectively guide the application of efficient and successful urban remote
monitoring. Future studies should analyze more specific variables and include a greater
number of studies to obtain more reliable results.
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Appendix A. Searching Strategy via Cochrane Library

1. MeSH descriptor: [Hypertension] explode all trees
2. hypertensi* OR high blood pressure
3. OR/1,2
4. MeSH descriptor: [Urban population] explode all trees
5. MeSH descriptor: [Urban health] explode all trees urban health [Mesh]
6. MeSH descriptor: [Urban health services] explode all trees
7. MeSH descriptor: [Cities] explode all trees
8. urban* OR city OR cities OR central cit*
9. OR/4–8
10. AND/3,10
11. MeSH descriptor: [Telemedicine] explode all trees
12. MeSH descriptor: [Telemetry] explode all trees
13. MeSH descriptor: [Blood pressure monitoring, ambulatory] explode all trees
14. telemedicine OR telemetry OR telenurs* OR telemonitor* OR eHealth OR telehealth

OR remote monitor* OR technolog* OR telephone OR smartphone OR internet
15. OR/12–15
16. AND/11,16
17. randomised controlled trial OR randomized controlled
18. controlled clinical trial
19. randomised [tiab] OR randomized [tiab]
20. 2placebo [tiab]
21. drug therapy [sh]
22. groups [tiab]
23. clinical trials as topic [tiab]
24. randomly [tiab]
25. trial [tiab]
26. OR/18–26
27. 27 NOT cluster randomized controlled trials
28. 28 NOT cross over study
29. AND/17,29
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Appendix B. Sensitivity Test Based on a “One-Study Removed” Approach

Author (year) (ref.) Outcome Statistics with study removed

Lower Upper 
limit limit Z-Value Point p-Value

Artinian,2007A SBP 0.367 0.779 5.456 0.573 0.000
Artinian,2007B SBP 0.375 0.786 5.536 0.580 0.000
Bosworth,2007A SBP 0.340 0.715 5.519 0.528 0.000
Bosworth,2007B SBP 0.314 0.630 5.864 0.472 0.000
Bosworth,2007C SBP 0.339 0.709 5.541 0.524 0.000
Bosworth,2011 SBP 0.374 0.784 5.537 0.579 0.000
Bove,2013 SBP 0.373 0.782 5.539 0.578 0.000
Carrasco,2008 SBP 0.373 0.783 5.522 0.578 0.000
Cicolini,2013A SBP 0.376 0.784 5.570 0.580 0.000
Cicolini,2013B SBP 0.361 0.769 5.436 0.565 0.000
Friedman,1996 SBP 0.379 0.787 5.595 0.583 0.000
Green,2008 SBP 0.370 0.786 5.457 0.578 0.000
Hill,1999 SBP 0.376 0.783 5.575 0.579 0.000
Hoffmann,2017 SBP 0.375 0.786 5.536 0.581 0.000
Ionov,2020 SBP 0.348 0.746 5.391 0.547 0.000
Kerry,2013A SBP 0.376 0.786 5.547 0.581 0.000
Kerry,2013B SBP 0.375 0.786 5.536 0.580 0.000
Kim KB,2014A SBP 0.366 0.779 5.432 0.572 0.000
Kim KB,2014B SBP 0.372 0.784 5.492 0.578 0.000
Logan,2012 SBP 0.367 0.773 5.497 0.570 0.000
Madsen,2008 SBP 0.374 0.783 5.542 0.578 0.000
McMahon,2005 SBP 0.376 0.781 5.593 0.578 0.000
Mohsen,2020A SBP 0.358 0.762 5.424 0.560 0.000
Mohsen,2020B SBP 0.338 0.734 5.308 0.536 0.000
Neumann,2011 SBP 0.365 0.769 5.490 0.567 0.000
Pan,2018A SBP 0.369 0.775 5.514 0.572 0.000
Pan,2018B SBP 0.369 0.776 5.518 0.572 0.000
Parati,2009 SBP 0.379 0.788 5.597 0.583 0.000
Park MJ, 2012 SBP 0.365 0.771 5.495 0.568 0.000
Park MJ,2009 SBP 0.351 0.753 5.378 0.552 0.000
Rahmani Pour,2020A SBP 0.369 0.774 5.538 0.572 0.000
Rahmani Pour,2020B SBP 0.361 0.765 5.466 0.563 0.000
Rahmani Pour,2020C SBP 0.378 0.783 5.630 0.581 0.000
Rahmani Pour,2020D SBP 0.372 0.777 5.567 0.575 0.000
Rubinstein, 2016A SBP 0.375 0.789 5.514 0.582 0.000
Rubinstein, 2016B SBP 0.377 0.790 5.546 0.584 0.000
Shea,2006 SBP 0.372 0.789 5.448 0.580 0.000
Wakefield,2011 SBP 0.372 0.781 5.532 0.576 0.000
Wakefield,2014 SBP 0.376 0.782 5.593 0.579 0.000
Zha,2020A SBP 0.370 0.774 5.557 0.572 0.000
Zha,2020B SBP 0.364 0.768 5.498 0.566 0.000

0.369 0.768 5.585 0.568 0.000
-5.00 -2.50 0.00 2.50

Favors UC Favors RBPM

Figure A1. Note: point estimate of individual study (•), summary effect size (◆); SBP, systolic blood pressure; UC, usual
care; RBPM, remote blood pressure monitoring.
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Appendix C. Cumulative Meta-Analysis of RBPM According to the SMD of SBP

 

Author (year) (ref.) Outcome Time point Cumulative statistics Cumulative std diff in means (95% CI)

Lower Upper 
Point limit limit Z-Value p-Value

Friedman,1996 SBP 1996.000 0.023 -0.217 0.263 0.189 0.850
Hill,1999 SBP 1999.000 0.070 -0.121 0.261 0.714 0.475
McMahon,2005 SBP 2005.000 0.082 -0.094 0.259 0.915 0.360
Shea,2006 SBP 2006.000 0.121 0.007 0.236 2.075 0.038
Artinian,2007A SBP 2007.000 0.184 0.050 0.318 2.687 0.007
Artinian,2007B SBP 2007.000 0.175 0.069 0.280 3.247 0.001
Bosworth,2007A SBP 2007.000 0.442 -0.031 0.916 1.830 0.067
Bosworth,2007B SBP 2007.000 0.912 0.166 1.658 2.396 0.017
Bosworth,2007C SBP 2007.000 1.056 0.315 1.797 2.793 0.005
Carrasco,2008 SBP 2008.000 0.971 0.309 1.634 2.873 0.004
Green,2008 SBP 2008.000 0.902 0.322 1.482 3.048 0.002
Madsen,2008 SBP 2008.000 0.843 0.308 1.378 3.086 0.002
Parati,2009 SBP 2009.000 0.778 0.281 1.275 3.067 0.002
Park MJ,2009 SBP 2009.000 0.815 0.335 1.294 3.329 0.001
Bosworth,2011 SBP 2011.000 0.771 0.324 1.218 3.380 0.001
Neumann,2011 SBP 2011.000 0.763 0.333 1.194 3.478 0.001
Wakefield,2011 SBP 2011.000 0.734 0.327 1.141 3.531 0.000
Logan,2012 SBP 2012.000 0.722 0.331 1.112 3.624 0.000
Park MJ, 2012 SBP 2012.000 0.715 0.338 1.093 3.719 0.000
Bove,2013 SBP 2013.000 0.690 0.331 1.049 3.769 0.000
Cicolini,2013A SBP 2013.000 0.663 0.320 1.006 3.786 0.000
Cicolini,2013B SBP 2013.000 0.664 0.336 0.993 3.961 0.000
Kerry,2013A SBP 2013.000 0.639 0.326 0.951 4.007 0.000
Kerry,2013B SBP 2013.000 0.616 0.319 0.914 4.063 0.000
Kim KB,2014A SBP 2014.000 0.608 0.327 0.890 4.234 0.000
Kim KB,2014B SBP 2014.000 0.593 0.324 0.861 4.332 0.000
Wakefield,2014 SBP 2014.000 0.576 0.315 0.838 4.321 0.000
Rubinstein, 2016A SBP 2016.000 0.557 0.308 0.805 4.392 0.000
Rubinstein, 2016B SBP 2016.000 0.537 0.299 0.774 4.430 0.000
Hoffmann,2017 SBP 2017.000 0.522 0.293 0.751 4.475 0.000
Pan,2018A SBP 2018.000 0.519 0.296 0.743 4.556 0.000
Pan,2018B SBP 2018.000 0.516 0.298 0.734 4.631 0.000
Ionov,2020 SBP 2020.000 0.543 0.324 0.762 4.859 0.000
Mohsen,2020A SBP 2020.000 0.554 0.338 0.769 5.035 0.000
Mohsen,2020B SBP 2020.000 0.591 0.374 0.808 5.337 0.000
Rahmani Pour,2020A SBP 2020.000 0.587 0.373 0.801 5.384 0.000
Rahmani Pour,2020B SBP 2020.000 0.592 0.382 0.803 5.507 0.000
Rahmani Pour,2020C SBP 2020.000 0.579 0.371 0.787 5.460 0.000
Rahmani Pour,2020D SBP 2020.000 0.573 0.368 0.778 5.479 0.000
Zha,2020A SBP 2020.000 0.569 0.367 0.772 5.509 0.000
Zha,2020B SBP 2020.000 0.572 0.372 0.773 5.598 0.000

0.572 0.372 0.773 5.598 0.000
-4.00 -2.00 0.00 2.00

Favors UC Favors RBPM

Figure A2. Note: point estimate of individual study excluding each individual study (•), summary effect size (◆); SBP,
systolic blood pressure; SMD, standardized mean difference; UC, usual care; RBPM, remote blood pressure monitoring.
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Appendix D. Meta-Regression of Risk Ratio According to RBPM Duration

 

Figure A3. Note: point estimate of individual study (�); RBPM, remote blood pressure monitoring.

Appendix E. Subgroup Analysis

Table A1. CI, confidence interval; FEM, fixed effects model; SBP, systolic blood pressure; WMD, weighted mean difference.

Category Number of Studies
Summary WMD of

SBP, mmHg (95% CI)

Heterogeneity, I2 (%)
Using an FEM

(p-Value)

Heterogeneity,
Tau-Squared (τ2)

Using an FEM

Overall 48 4.464 (3.371–5.556) 70.908 (p < 0.001) 9.200

City size (population)

<1 million 22 3.860 (2.271–5.450) 0.000 (p = 0.478) 0.000

>1 million 26 5.056 (3.503–6.609) 82.177 (p < 0.001) 17.368

Medically underserved
areas

Underserved 17 3.213 (1.521–4.905) 48.904 (p = 0.012) 2.793

Not underserved 31 5.224 (3.878–6.569) 73.152 (p < 0.001) 12.943

Duration (month)

≤3 15 6.198 (4.019–8.377) 70.060 (p < 0.001) 14.069

6 14 4.479 (2.524–6.433) 84.562 (p < 0.001) 17.240

9 4 2.116 (-1.816–6.048) 0.000 (p = 0.752) 0.000

12 12 3.436 (1.281–5.591) 34.656 (p = 0.113) 1.646

Setting

Primary care clinic 14 2.981 (1.323–4.639) 45.243 (p = 0.034) 1.989

Community health
center 12 3.512 (1.651–5.373) 31.670 (p = 0.138) 1.883
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Table A1. Cont.

Category Number of Studies
Summary WMD of

SBP, mmHg (95% CI)

Heterogeneity, I2 (%)
Using an FEM

(p-Value)

Heterogeneity,
Tau-Squared (τ2)

Using an FEM

Hospital 22 6.333 (4.750–7.917) 73.401 (p < 0.001) 17.133

Frequency of data
transmission

Daily 13 5.881 (3.898–7.864) 14.635 (p = 0.297) 1.637

Weekly 15 4.024 (2.641–5.406) 53.610 (p = 0.007) 4.505

Bi-weekly 4 3.941 (1.428–6.454) 0.000 (p = 0.622) 0.000

Monthly 6 1.803 (-0.234–3.841) 21.639 (p = 0.271) 0.552
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Abstract: Virtual reality (VR) can present advantages in the treatment of chronic low back pain.
The objective of this systematic review and meta-analysis was to analyze the effectiveness of VR in
chronic low back pain. This review was designed according to PRISMA and registered in PROSPERO
(CRD42020222129). Four databases (PubMed, Cinahl, Scopus, Web of Science) were searched up to
August 2021. Inclusion criteria were defined following PICOS recommendations. Methodological
quality was assessed with the Downs and Black scale and the risk of bias with the Cochrane Risk
of Bias Assessment Tool. Fourteen studies were included in the systematic review and eleven in
the meta-analysis. Significant differences were found in favor of VR compared to no VR in pain
intensity postintervention (11 trials; n = 569; SMD = −1.92; 95% CI = −2.73, −1.11; p < 0.00001) and
followup (4 trials; n = 240; SDM = −6.34; 95% CI = −9.12, −3.56; p < 0.00001); and kinesiophobia
postintervention (3 trials; n = 192; MD = −8.96; 95% CI = −17.52, −0.40; p = 0.04) and followup
(2 trials; n = 149; MD = −12.04; 95% CI = −20.58, −3.49; p = 0.006). No significant differences were
found in disability. In conclusion, VR can significantly reduce pain intensity and kinesiophobia
in patients with chronic low back pain after the intervention and at followup. However, high
heterogeneity exists and can influence the consistency of the results.

Keywords: chronic low back pain; virtual reality; videogames; horse simulator riding; rehabilitation;
physical therapy

1. Introduction

Chronic low back pain (CLBP) is one of the main causes of pain, dysfunction, and
disability [1,2]. It is one of the most common reasons for which patients require medical
attention [3]. Furthermore, it is the world’s leading cause of years of life lived with disabil-
ity [4]. In most cases, it is not possible to identify the specific nociceptive cause of CLBP
and therefore, it is classified as nonspecific (pain not caused by a specific pathology such as
infection, tumor, fracture, or inflammation) [2]. CLBP affects the physical, psychological,
and social areas and carries a great socioeconomic burden, as it is the main cause of work
absenteeism and the excessive use of therapeutic services [5]. For all these reasons, it is
essential to establish an effective treatment.

There are many ways to treat CLBP in the clinical environment, such as surgery,
medication, or physical therapy. In addition to analgesic treatment with drugs, manual
therapy, pain management, and early physical exercise (coordination, strengthening, and
resistance exercises) have been recommended with a strong level of evidence, as they can
be beneficial in reducing pain and achieve a functional improvement [5,6]. However, in
many cases the main limitation of physical exercise is lack of motivation and adherence [7].
Virtual reality (VR) can present some advantages in the face of these problems, since it
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contributes the motivational component and interactivity to the treatment [8]. The patient
is involved in their recovery in a fun and attractive way and the interactive elements and
feedback offered by the virtual environment can increase adherence to the exercises [9,10].
Negative thoughts and beliefs about pain experienced by some patients can lead to pain
avoidance behaviors, causing inactivity, and preventing recovery and pain reduction [11].
VR treatment is a powerful pain distraction mechanism by focusing on an external stimulus and
not on body movement, reducing attention to pain by dividing attention tasks [9,12]. Furthermore,
compared to traditional methods, VR is considered a cost-effective and efficient tool [13].

In the current scientific literature, we found different reviews about VR in the treat-
ment of pain in various areas. Gumaa et al. [14] explored VR effectiveness in orthopedic
rehabilitation, showing inconclusive results in low back pain. In addition, they referred to
the need for higher quality studies to establish more solid conclusions. In another review,
VR in spinal pain was investigated [15]. Due to the low quality of the included studies,
Ahern et al. [15] concluded that higher quality studies were necessary. A recent review
published by Bordeleau et al. [16] concluded that while the specific set of studies showed
high heterogeneity across several methodological factors, a tentative conclusion could be
drawn that VR is effective improving back pain intensity and tends to have a positive effect
on improving other pain outcomes and motion function. Bordeleau et al. [16] highlights
that methodology framework for the development of VR treatments should be considered.

Since the completion of the search of the review of Bordeleau et al. [16], several new
randomized clinical trials have been published on this topic, so there is new evidence to
contribute to this issue. Additionally, a subgroup analysis of the different interventions is
needed. Whether VR is applied alone or added to a physical therapy intervention could
produce different results; furthermore, the comparison should also be taken into account.

Additionally, an analysis comparing the effects of the different VR interventions, the
different durations of the interventions and the effects of VR at followup should be useful. It
would also be of interest to explore other variables related to pain, in addition to pain intensity.

Therefore, the objective of this systematic review and meta-analysis of randomized clini-
cal trials was to analyze the effectiveness of VR interventions in the treatment of CLBP. Implications
and considerations may arise regarding the characteristics of the intervention programs.

2. Materials and Methods

2.1. Design

A systematic review was performed to identify randomized clinical trials exploring the
effects of VR on the treatment of CLBP. The guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [17] was used to carry out this systematic
review. This systematic review was previously registered at the International prospective
register of systematic reviews (PROSPERO) with number CRD42020222129. Available
from: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=222129.

2.2. Search Strategy

Four databases were searched from their inception up to August 2021 without lan-
guage restrictions. We used PubMed, Cinahl, Scopus, and Web of Science. The full search
strategy is described in Appendix A. In order to find other relevant articles to the study,
the reference list of other reviews and related articles were reviewed.

Additionally, a search was conducted for ongoing randomized clinical trials, which
have not yet been published, to find out if they could be included in our review. The clinical
trials registries ClinicalTrials.gov, the International Standard Randomized Controlled Trial
Number (ISRCTN) Registry, and the International Clinical Trials Registry Platform (ICTRP)
were used. Appendix B describes the search strategy used in each database.
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2.3. Study Selection

The selection of studies was conducted systematically based on the prespecified PICOS
(participants, interventions, comparisons, outcome, and study design) eligibility criteria:
(1) Participants: adults (≥18 years) with CLBP (12 weeks or more) [18]; (2) Interventions:
interventions based on VR; length of intervention of at least four weeks; (3) Comparisons:
no intervention, interventions without VR, standard treatment, usual care, placebo or
control; (4) Outcomes: pain intensity and other outcomes related to pain; (5) Study design:
randomized clinical trials.

For the first screening title and abstract of each article was evaluated. We excluded
those that did not meet the inclusion criteria defined with the PICOS strategy. After, the full
text of relevant studies was assessed to check if they met the inclusion criteria. The list of
excluded studies in the last screening and reason for exclusion is described in Appendix C.

When full text was not available, we contacted the corresponding author of the study
via email. Two reviewers (BBG and ITS) independently carried out the search and selection
of studies. If needed, disagreements were resolved with a third reviewer.

2.4. Data Extraction

The following data were recorded from the included articles: author, year of publi-
cation, country, disease, sample size, age (years), gender (percentage of males), outcome
measures, main results (outcomes that showed significant differences (p ≤ 0.05)), measur-
ing instrument, and time point assessment. This information is summarized in Table 1. In
addition, the score obtained on the Downs and Black methodological quality scale [19] was
added. Table 2 shows the characteristics of interventions: experimental group intervention,
control group interventions, session duration, frequency, program duration, supervision,
and adverse events.

When the information was insufficient or unclear, we contacted the corresponding
author of the study via email. If the data were still unclear after contacting the corre-
sponding author or if contact was not possible, it was analyzed using the available data.
Two reviewers (BBG and ITS) independently carried out the data extraction. If needed,
disagreements were resolved with a third reviewer.

2.5. Methodological Quality of Included Studies

Downs and Black quality assessment method [19] was used to assess the method-
ological quality of included studies in this review. This scale is one of the six best quality
assessment scales [20–22]. This method contains 27 items divided into 5 sections: study
quality (10 items), external validity (3 items), study bias (7 items), confounding and selec-
tion bias (6 items), and study power (1 item). In this review, we used the modified Downs
and Black scale. The scoring for item 27 was simplified to a choice of 0 (“no”/“unable to
determine”) or 1 point (“yes”). These scores will be the same for the rest of the items except
item 5 which is valued as 0 (“no”/“unable to determine”), 1 (“partially”), or 2 (“yes”).
Therefore, the scores range from 0 to 28 and the higher ones indicate a better methodologi-
cal quality of the study [22,23]. According to their quality, studies can be categorized as
excellent (26–28), good (20–25), fair (15–19), and poor (≤14) [22–24].

2.6. Risk of Bias of Included Studies

The Cochrane Risk of Bias Assessment Tool [25] was used to assess the risk of bias of
included studies. This tool assesses seven domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other bias. For each study, the different
domains were scored as “high risk of bias”, “low risk of bias”, or “unclear”.

Two reviewers (BBG and ITS) carried out the assessment of risk of bias, as well as the
assessment of methodological quality independently, and in case of doubt or disagreement
a third reviewer was consulted.
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2.7. Statistical Analysis

We used the Review Manager (RevMan) software version 5.4 to perform statistical
analysis and used forest plots to display the results. Analysis was performed for those
outcomes repeated at least in three comparisons or studies. Regarding the period of time,
the analysis was carried out after the intervention and at 6 months followup. Mean, stan-
dard deviation (SD) and sample size were extracted from included studies to estimate the
overall effect. For continuous outcomes, the mean difference (MD) and the 95% confidence
intervals (CI) were used when the outcomes were evaluated with the same scale and the
standardized mean difference (SMD) when the scales were different. The method utilized
was inverse variance. The fixed effects model was used and the random effects model was
applied when heterogeneity was greater than 75%. A value of p ≤ 0.05 was considered
statistically significant. Heterogeneity between studies was assessed using the I2 test. The
degree of heterogeneity was categorized as low (I2 < 25%), moderate (I2 = 25–75%), and
high (I2 > 75%). In order to explore possible causes of heterogeneity among study results we
conducted a subgroup analysis. Subgroups were performed according to the comparisons
(VR vs. no intervention, VR vs. placebo, VR vs. oral treatment, VR vs. physiotherapy, VR + phys-
iotherapy vs. physiotherapy, and VR + physiotherapy vs. no VR exercise + physiotherapy); the
type of intervention with VR (Nintendo consoles, Horse Simulator Riding, and Prokin System),
and the duration of the intervention (4, 8, or 12 weeks).

3. Results

3.1. Search Selection

After the initial search in the databases and reference lists, we found 1363 manuscripts.
After removing duplicates, we obtained 838 potentially eligible records. After screening
by title and abstract, 58 articles remained, of which the full text was assessed. Of those
58 studies, 14 randomized clinical trials met the inclusion criteria, and finally 11 were
included in quantitative synthesis.

In addition, we searched for ongoing randomized clinical trials. Of the 63 studies
found in the three clinical trial registries consulted, 17 finally met the inclusion criteria.
Figure 1 shows the flow diagram of the articles during the study selection process in the
databases and clinical trial registries. The list of ongoing randomized clinical trials that
could be included in the review is shown in Appendix D. None of the ongoing randomized
clinical trials were included in this review.

3.2. Characteristics of Included Studies

Table 1 shows the characteristics of included studies in this review. All studies were
randomized clinical trials and are arranged chronologically from oldest to newest. The
included studies were published between 2013 and 2021.

Six studies were conducted in South Korea [26–31], one in Brazil [32], one in the
USA [33], one in Australia [7], three in Saudi Arabia [34–36], one in Turkey [37], and one
in Japan [38]. The total number of participants was 765. The mean age of the participants
was 40.04 with 62.08% men. All studies measured pain intensity. It was measured using
VAS in nine studies [26–29,31,34–36,38], 11-point Numeric Pain Rating Scale (11-NPRS)
in four studies [7,30,32,37], and The Defense and Veterans Pain Rating Scale (DVPRS) in
one study [33]. Four studies measured disability associated with low back pain using
the Oswestry Disability Index (ODI) [29–31,37], four studies measured kinesiophobia
using the 17-item Tampa Scale of Kinesiophobia (17-TSK) [7,35,36,38], and four studies
measured body composition using bioelectrical impedance analysis method [27,28,31,38].
Other variables assessed more frequently were severity of disability with Roland Morris
Disability Questionnaire (RMDQ) in two studies [7,30], isokinetic trunk flexion/extension
with a dynamometer in three studies [27,28,31], pain self-efficacy with the 10-item Pain Self-
Efficacy (10-PSEQ) in two studies [7,38], pain catastrophizing with Pain Catastrophizing
Scale (PCS) in two studies [33,38], and blood serum levels of stress hormones in two
studies [35,36]. Variables were assessed before and after the intervention in all articles. Five
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studies included followup, one at 8 weeks and 6 months [34], other at 3 and 6 months [7],
and three only at 6 months [30,35,36]. In addition, one of these studies included a midterm
assessment after 4 weeks [30], and one study assessed outcomes during intervention [33].

Figure 1. PRISMA flow diagram: database and clinical trials register search and other sources.

3.3. Characteristics of Interventions

Characteristics of the interventions of the included studies are described in Table 2.
Regarding the interventions, three studies compared VR with no intervention [7,27,28],

two studies with a placebo [31,33], and other study with oral treatment (Nonsteroidal
Anti-Inflammatory Drugs (NSAIDs), tramadol, and duloxetine) [38]. In two studies, com-
parisons consisted of VR versus physiotherapy [30,37]. In addition, three studies combined
VR + physiotherapy versus physiotherapy alone [26,29,32], and four studies combined those
interventions and compared them with no VR exercises and physiotherapy [26,34–36].

Four of the fourteen studies used Nintendo programs and consoles [7,26,32,38],
whereas three studies used other types of video games with sensors and a monitor (Prokin
System) [34–36]. Five studies used a horse simulator riding [27–31]. One study used a
system similar to VR, but without video games, based on biofeedback [37], and in one
study, the intervention was a behavioral skills-based VR program with VR glasses [33].
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The mean time using VR was 28.29 min and the mean session duration was 46.21 min.
Regarding the frequency of the sessions, it varied from one weekly session [38] to seven
sessions per week [33]. The duration of the program in the different studies ranged
from 4 [29,34–36] to 12 weeks [31,37]. In nine studies, the interventions were super-
vised [27,28,30–32,34–37]. In one article, participants were contacted by phone calls [7],
and one did not include any type of supervision [33]. Three studies did not report on super-
vision of the intervention [26,29,38]. Of all the articles, only two reported adverse events
derived from the intervention with VR (e.g., nausea, motion sickness, vertigo, etc.) [32,33];
in two articles no adverse events were reported [7,30], and in the rest no information
was provided.

3.4. Methodological Quality of Included Studies

Downs and Black quality assessment method [19] was used to assess the methodolog-
ical quality of included studies in this review. The total score for each study is shown in
Table 1, and the score for each item is summarized in Appendix E. According to their score,
of the 14 articles evaluated, two were classified as excellent (26–28), seven as good (20–25),
four as fair (19–15), and one as poor (≤14). The mean score of the included studies was
20.79 (range: 13–27).

3.5. Risk of Bias of Included Studies

The Cochrane Risk of Bias Assessment Tool [25] was used to assess the risk of bias of
the articles included in this review. Figures 2 and 3 show the summary and the graph of the
risk of bias assessment, respectively. Random sequence generation, allocation concealment,
incomplete outcome data, and selective reporting did not obtain a high risk of bias in any
study. In addition, other bias obtained unclear risk of bias in all of the included studies.
Blinding of participants and personnel and blinding of outcome assessment was evaluated
as a high risk of bias in four [7,30,32,38] and two [33,38] studies, respectively. Two studies
obtained unclear risk of bias in all items [29,37] and other two studies obtained unclear risk
of bias in all items, except in incomplete outcome data [26,28].

 

Figure 2. Risk of bias summary.
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Figure 3. Risk of bias graph.

3.6. Effects of Virtual Reality vs. No Virtual Reality in Chronic Low Back Pain

For meta-analysis, we only considered the outcome pain intensity and outcomes
related to pain.

Eleven studies were included in the meta-analysis. All of them were included for
pain intensity postintervention; four for pain intensity at the 6 month followup; three for
disability postintervention; three for kinesiophobia postintervention, and two (four com-
parisons) for kinesiophobia at the six months followup. Two articles were excluded from
the meta-analysis because they did not express data in mean ± SD [33,37]. In addition,
Yoo et al. [28] was excluded because the SD was 0, and it was not estimable by RevMan.

3.6.1. Subgroup Based on Intervention Comparisons: Virtual Reality Alone or Combined
with Physiotherapy vs. Control Group Interventions

Firstly, a subgroup analysis of the different interventions was performed to know
if VR applied alone or added to a physical therapy intervention could produce different
results, and if it differed depending on the type of intervention of the control group. We
analyzed pain intensity, disability, and kinesiophobia postintervention; and pain intensity
and kinesiophobia at the 6 months followup. The Visual Analog Scale (VAS) to evaluate
pain intensity was adjusted to a scale of 0–10 cm when it was expressed in millimeters.

In Figure 4a, the results show significant differences (SMD = −1.92; 95% CI = −2.73,
−1.11; p < 0.00001) in favor of VR compared to no VR in pain intensity postintervention.
When VR was compared with no intervention (SMD = −1.84; 95% CI = −3.48, −0.21;
p = 0.03), placebo (SMD = −2.71; 95% CI = −3.33, −2.10; p < 0.00001), or oral treatment
(SMD = −0.78; 95% CI = −1.42, −0.13; p = 0.02), the subgroup analysis showed signifi-
cant differences in favor of VR. In addition, when VR + physiotherapy were compared
with no VR exercise + physiotherapy, the subgroup analysis showed significant differ-
ences (SMD = −3.26; 95% CI = −5.08. −1.44; p = 0.0004) in favor of VR too. However,
no significant differences were observed between VR and physiotherapy (SMD = −0.28;
95% CI = −0.85, 0.28; p = 0.33) or VR + physiotherapy and physiotherapy (SMD = 0.08;
95% CI = −0.42, 0.59; p = 0.75). Heterogeneity was high in overall effect (I2 = 93%;
p < 0.00001) and in two subgroups, VR versus no intervention (I2 = 90%; p < 0.00001)
and VR + physiotherapy versus no VR exercise + physiotherapy (I2 = 95%; p < 0.00001). Ac-
cording to the I2 statistic, 0% of variation across studies was due to heterogeneity (p = 0.98)
in VR + physiotherapy versus the physiotherapy subgroup.

In Figure 4b, the results show significant differences (SDM = −6.34; 95% CI = −9.12,
–3.56; p < 0.00001) in pain intensity at the six month followup in favor of VR compared
to no VR. When VR was compared with physiotherapy, the subgroup analysis showed
no significant differences (SDM = 0.17; 95% CI = −0.54, 0.87; p = 0.64). However, when
VR + physiotherapy were compared with no VR exercise + physiotherapy, the subgroup
analysis showed significant differences in favor of VR (SDM = −7.56; 95% CI = −10.79,
–4.32; p < 0.00001). Heterogeneity was high in overall effect (I2 = 97%; p < 0.00001)
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and in VR + physiotherapy versus no VR exercise + physiotherapy subgroup (I2 = 96%;
p < 0.00001).

As shown in Figure 5, no significant differences were found between VR interventions
and other interventions without VR (MD = 10.46; 95% CI = −30.02, 9.09; p = 0.29) in disabil-
ity postintervention. Subgroup analysis did not show significant differences between VR
and physiotherapy (MD = −3.26; 95% CI = −8.44, 1.92; p = 0.22) or between VR + physio-
therapy and physiotherapy (MD = −0.10; 95% CI = −3.47, 3.27; p = 0.95). However, when
VR was compared with the placebo, the subgroup analysis showed significant differences
in favor of VR (MD = −27.89; 95% CI = −30.77, –25.01; p < 0.00001). Heterogeneity between
studies was high (I2 = 99%; p < 0.00001).

 
(a) 

Figure 4. Cont.
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(b) 

Figure 4. Effect of virtual reality versus no virtual reality in chronic low back pain for pain intensity postintervention (a) and
at the six month followup (b) based on the type of intervention. CBT: conventional balance training; IKT: isokinetic training;
CPR: combined physical rehabilitation; VR: virtual reality.

Figure 5. Effect of virtual reality versus no virtual reality in chronic low back pain for disability postintervention based on
the type of intervention. VR: virtual reality.

As shown in Figure 6a, the results showed significant differences (MD = −8.96; 95%
CI = −17.52, –0.40; p = 0.04) in favor of VR in total comparison in kinesiophobia postin-
tervention. When VR was compared with oral treatment, the subgroup analysis showed
significant differences in favor of oral treatment (MD = 3.47; 95% CI = 1.00, 5.94; p = 0.006).
However, when VR + physiotherapy were compared with no VR exercises + physiother-
apy, the subgroup analysis showed significant differences in favor of VR (MD = −12.05;
95% CI = −20.13, –3.98; p = 0.003). Heterogeneity was high in overall effect (I2 = 99%;
p < 0.00001) and in VR + physiotherapy versus no VR exercise + physiotherapy subgroup
(I2 = 98%; p < 0.00001).
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(a) 

(b) 

Figure 6. Effect of virtual reality versus no virtual reality in chronic low back pain for kinesiophobia postintervention (a)
and at the six month followup (b) based on the type of intervention. IKT: isokinetic training; CBT: conventional balance
training; CPR: combined physical rehabilitation; VR: virtual reality.

All studies in this meta-analysis (Figure 6b) compared VR + physiotherapy versus no
VR exercise + physiotherapy. The results showed significant differences (MD = −12.04;
95% CI = −20.58, –3.49; p = 0.006) in favor of VR in kinesiophobia at the 6 month followup.
Heterogeneity between studies was high (I2 = 99% p < 0.00001).

3.6.2. Subgroups Based on Virtual Reality Interventions

Other subgroup analysis was based on the type of VR intervention. The studies
were divided into three subgroups: Nintendo consoles, Horse Simulator Riding, or Prokin
System. We analyzed pain intensity, disability, and kinesiophobia postintervention and
pain intensity and kinesiophobia at the 6 months followup.

As shown in Figure 7a, the results showed significant differences (SMD = −1.92;
95% CI = −2.73, −1.11; p < 0.00001) in favor of VR versus no VR in pain intensity postin-
tervention. When Nintendo consoles were compared with interventions without VR, the
subgroup analysis showed no significant differences (SMD = −0.07; 95% CI = −0.57, 0.43;
p = 0.78). However, when horse simulator riding (SMD = −1.68; 95% CI = −2.95, –0.41;
p = 0.009) or Prokin System (SMD = −3.96; 95% CI = −5.71, –2.21; p < 0.00001) were com-
pared with interventions without VR, the subgroup analysis showed significant differences
in favor of VR. Heterogeneity was high in overall effect (I2 = 93%; p < 0.00001) and in two
subgroups, horse simulator riding (I2 = 92%; p < 0.00001) and Prokin System (I2 = 93%;
p < 0.00001). According to the I2 statistic, 54% of variation across studies was due to
heterogeneity (p = 0.07) in the Nintendo consoles subgroup.
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(a) 

(b) 

Figure 7. Effect of virtual reality versus no virtual reality in chronic low back pain for pain intensity postintervention (a)
and at the six months followup (b) based on the type of virtual reality intervention. CBT: conventional balance training; IKT:
isokinetic training; CPR: combined physical rehabilitation; VR: virtual reality.
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As shown in Figure 7b the results showed significant differences (SDM = −6.34;
95% CI = −9.12, –3.56; p < 0.00001) in favor of VR in total comparison in pain intensity at
the 6 month followup. Regarding subgroup analysis, no significant differences were found
between horse simulator riding and no VR interventions (SDM = 0.17; 95% CI = −0.54, 0.87;
p = 0.64). However, significant differences in favor of VR were found in the Prokin System
subgroup (SDM = −7.56; 95% CI = −10.79, –4.32; p < 0.00001). Heterogeneity was high
in overall effect (I2 = 97%; p < 0.00001) and in Prokin System versus no VR interventions
subgroup (I2 = 96%; p < 0.00001).

All studies in Figure 8 compared horse simulator riding interventions versus other
interventions without VR. No significant differences were found between VR and no VR
(MD = −10.46; 95% CI = −30.02, 9.09; p = 0.29) in disability post-intervention. Heterogeneity
between studies was high (I2 = 99%; p < 0.00001).

Figure 8. Effect of virtual reality versus no virtual reality in chronic low back pain for disability postintervention based on
the type of virtual reality intervention. VR: virtual reality.

As shown in Figure 9a, the results showed significant differences (MD = −8.96;
95% CI = −17.52, −0.40; p = 0.04) in favor of VR in total comparison in kinesiophobia
postintervention. The results showed significant differences in favor of interventions
without VR versus interventions with Nintendo consoles (MD = 3.47; 95% CI = 1.00, 5.94;
p = 0.006). However, when the Prokin System was compared with interventions without VR
significant differences were found in favor of the Prokin System subgroup (MD = −12.05;
95% CI = −20.13, −3.98; p = 0.003). Heterogeneity was high in overall effect (I2 = 99%;
p < 0.00001) and in Prokin System versus interventions without VR (I2 = 98%; p < 0.00001).

All studies in Figure 9b compared Prokin System versus interventions without VR.
The results showed significant differences (MD = −12.04; 95% CI = −20.58, −3.49; p = 0.006)
in favor of VR in kinesiophobia at the 6 month followup. Heterogeneity between studies
was high (I2 = 99%; p < 0.00001).

(a) 

Figure 9. Cont.

310



Int. J. Environ. Res. Public Health 2021, 18, 11806

(b) 

Figure 9. Effect of virtual reality versus no virtual reality in chronic low back pain for kinesiophobia postintervention (a) and
at the six month followup (b) based on the type of virtual reality intervention. IKT: isokinetic training; CBT: conventional
balance training; CPR: combined physical rehabilitation; VR: virtual reality.

3.6.3. Subgroups Based on the Duration of the Intervention

The last subgroup analysis was based on the duration of the intervention. The studies
were divided into three subgroups: four weeks, eight weeks, or twelve weeks of interven-
tion. We analyzed pain intensity, disability, and kinesiophobia postintervention and pain
intensity and kinesiophobia at the 6 month followup.

As shown in Figure 10a, the results showed significant differences (SMD = −1.92;
95% CI = −2.73, −1.11; p < 0.00001) in favor of VR versus no VR in pain intensity postinter-
vention. Subgroup analysis showed significant differences in favor of VR after 4 weeks of
intervention (SMD = −3.38; 95% CI = −5.06, −1.70; p < 0.0001), 8 weeks of intervention
(SMD = −0.65; 95% CI = −1.29, −0.00; p = 0.05), and 12 weeks of intervention (SMD = −2.71;
95% CI = −3.33, −2.10; p < 0.00001). Heterogeneity was high in overall effect (I2 = 93%;
p < 0.00001) and in all subgroups (I2 = 94%; p < 0.00001) (I2 = 81%; p < 0.00001).

As shown in Figure 10b, the results showed significant differences (SDM = −6.34;
95% CI = −9.12, −3.56; p < 0.00001) in favor of VR in total comparison in pain intensity
at the 6 month followup. Regarding subgroup analysis, no significant differences were
found between VR versus no VR after 8 weeks of intervention (SDM = 0.17; 95% CI = −0.54,
0.87; p = 0.64). However, significant differences in favor of VR were found after 4 weeks
of intervention (SDM = −7.56; 95% CI = −10.79, −4.32; p < 0.00001). Heterogeneity was
high in overall effect (I2 = 97%; p < 0.00001) and in the 4 weeks of intervention subgroup
(I2 = 96%; p < 0.00001).

No significant differences were found between VR interventions and other interven-
tions without VR (MD = −10.46; 95% CI = −30.02, 9.09; p = 0.29) in disability postinter-
vention. Subgroup analysis did not show significant differences between VR and no VR
after 4 weeks (MD = −0.10; 95% CI = −3.47, 3.27; p = 0.95) or 8 weeks of intervention
(MD = −3.26; 95% CI = −8.44, 1.92; p = 0.22). However, significant differences were found
in favor of VR after 12 weeks of intervention (MD = −27.89; 95% CI = −30.77, –25.01;
p < 0.00001). Heterogeneity between studies was high (I2 = 99%; p < 0.00001). Figure 11
shows these results.

As shown in Figure 12a, the results showed significant differences (MD = −8.96;
95% CI = −17.52, −0.40; p = 0.04) in favor of VR in total comparison in kinesiophobia
postintervention. After 8 weeks of intervention, the results showed significant differences in
favor of no VR intervention (MD = 3.47; 95% CI = 1.00, 5.94; p = 0.006). However, significant
differences in favor of VR were observed after 4 weeks of intervention (MD = −12.05;
95% CI = −20.13, −3.98; p = 0.003). Heterogeneity was high in overall effect (I2 = 99%;
p < 0.00001) and in the 4 weeks of intervention subgroup (I2 = 98%; p < 0.00001).
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(a) 

 
(b) 

Figure 10. Effect of virtual reality versus no virtual reality in chronic low back pain for pain intensity postintervention
(a) and at the six month followup (b) based on the duration of the intervention. CBT: conventional balance training; IKT:
isokinetic training; CPR: combined physical rehabilitation; VR: virtual reality.
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Figure 11. Effect of virtual reality versus no virtual reality in chronic low back pain for disability postintervention based on
the duration of the intervention. VR: virtual reality.

(a) 

(b) 

Figure 12. Effect of virtual reality versus no virtual reality in chronic low back pain for kinesiophobia postintervention
(a) and at the six month followup (b) based on the duration of the intervention. IKT: isokinetic training; CBT: conventional
balance training; CPR: combined physical rehabilitation; VR: virtual reality.
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All studies shown in Figure 12b conducted a 4-week intervention. The results showed
significant differences (MD = −12.04; 95% CI = −20.58, –3.49; p = 0.006) in favor of VR in
kinesiophobia at the 6 month followup. Heterogeneity between studies was high (I2 = 99%;
p < 0.00001).

4. Discussion

The objective of this systematic review and meta-analysis was to analyze the effec-
tiveness of VR interventions in the treatment of CLBP. Fourteen studies were included
in this review and eleven of them in the meta-analysis. The results showed significant
differences in favor of VR interventions in pain intensity and kinesiophobia postinterven-
tion and at the six month followup. However, no significant differences were found in
disability postintervention.

4.1. Pain Intensity

Pain intensity was assessed in all of the studies included in meta-analysis. The
meta-analysis showed significant differences in favor of interventions with VR versus inter-
ventions without VR in pain intensity postintervention and at the six month followup. On
the one hand, the effect of VR was superior to no intervention [7,27], placebo [31], and oral
treatment [38] in pain intensity postintervention, but it should be noted that there was only
a study in two of these subgroups. Significant differences in favor of VR + physiotherapy
were observed when we compared with no VR exercise + physiotherapy [26,34–36] in pain
intensity postintervention and at the six month follow-up. Most of the studies included
in this subgroup had good methodological quality and obtained significant differences in
favor of VR in the rest of the variables not included in the meta-analysis. However, it must
be taken into account that these results have been obtained from studies that only included
young athletic men and cannot be generalized [34–36]. On the other hand, VR was not
superior to physiotherapy in pain intensity postintervention or at the six month followup.
Nevertheless, there was only one article (with young adults and a high dropout rate) in this
subgroup [30]. Neither were significant differences found between VR + physiotherapy ver-
sus physiotherapy in pain intensity postintervention. It should be noted that these studies
had a small sample size and some of them had low methodological quality [26,29,32].

Regarding the type of VR, horse simulator riding and Prokin System were superior to
interventions without VR in pain intensity postintervention. However, in the horse simula-
tor riding subgroup, most of the studies compared this type of VR with no intervention [27]
or placebo [31], which can explain the good results in the analysis. Nintendo consoles
did not show significant differences. This may be because the Prokin System and horse
simulator riding are specialized VR devices compared to Nintendo consoles. At the six
month followup, the results showed significant differences in favor of the Prokin System
but not in favor of horse simulator riding. It must be taken into account that there was only
one study (with young adults and a high dropout rate) in this subgroup [30]. The results
showed significant differences between VR and no VR in pain intensity postintervention
after 4 weeks, 8 weeks, or 12 weeks of intervention. At the six month followup, significant
differences in favor of VR were found after 4 weeks of intervention but not after 8 weeks of
intervention. It should be noted that there was only one study in this subgroup [30].

4.2. Disability

No significant differences were found between VR interventions (horse simulator
riding) and no VR interventions in disability postintervention. However, when VR was
compared with placebo and when the intervention lasted 12 weeks, the different subgroups
analysis showed significant differences in favor of VR. This can be explained because the
same article was included in the subgroups [31]. No significant differences were observed
between VR and physiotherapy [30] or VR + physiotherapy and physiotherapy [29], or
after four [29] or eight weeks of intervention [30]. It should be noted that there was only
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one study in each subgroup. In addition, these studies had a small sample size, poor
methodological quality [29], and some limitations, such as a high dropout rate [30].

4.3. Kinesiophobia

The results showed significant differences in favor of VR when compared with no VR
in kinesiophobia postintervention and at the six month followup. When VR + physiother-
apy were compared with no VR exercises + physiotherapy, the subgroup analysis showed
significant differences in favor of VR in kinesiophobia postintervention and at the six
month followup. These studies used Prokin System as the VR intervention, so significant
differences in favor of Prokin System also were observed in this subgroup. The intervention
lasted 4 weeks in all these articles, thus, the same results were found in subgroups based on
duration of intervention. Although these articles had a good methodological quality, they
only included young athletic men and their results cannot be generalized [35,36]. The other
study that assessed kinesiophobia postintervention, Sato et al. [38] compared Nintendo
Switch with oral treatment and the duration of the intervention was 8 weeks. In all of the
different subgroups realized significant differences were found in favor of oral treatment.
It must be taken into account that there was only this study in each subgroup (Nintendo
and 8 weeks).

4.4. Virtual Reality in Other Populations

Other studies explored the effects of VR in different populations (such as, patients
with chronic neck pain, fibromyalgia, acute pain, Parkinson’s disease, stroke, etc.) and the
results differ in part from ours.

In similar chronic pathologies, for example chronic neck pain, VR showed significant
differences compared with no VR in pain intensity postintervention, which is in line with
our results [39,40]. In this case, interventions consisted of VR compared with physiotherapy
and in our review this type of comparison did not obtain significant results. No signifi-
cant differences were found between VR + physiotherapy versus physiotherapy in pain
intensity postintervention [41], which coincides with our review. However, in patients
with fibromyalgia, VR combined with exercises showed significant improvement com-
pared to exercises [42,43], although, results in pain intensity are not always conclusive [42].
In addition, in chronic neck pain, significant differences were observed in favor of VR
in disability postintervention [39,40] which differs with the results found in our studies.
These differences can be explained; the VR interventions in chronic neck pain articles were
immersive, and the articles had better methodological quality.

In acute pain pathologies, VR has proven to be an adjuvant tool that can reduce
procedural pain [44], burn pain, and anxiety [45]. In addition, it can reduce the use of
medication [45]. As we have mentioned previously, in our review the studies that made
a comparison between VR + another treatment versus same treatment did not obtain
significant differences. In this case, this may be due to differences in the duration of pain
and its origin.

Regarding neurological pathologies, such as Parkinson’s disease, VR rehabilitation
showed better results in overall improvement than conventional rehabilitation [46]. How-
ever, in another study, VR combined with exercises was statistically as effective as each
intervention alone [47]. In any case, these results do not agree with ours, since no sig-
nificant differences were found for these comparisons in CLBP. In stroke patients, VR
combined with conventional physical therapy obtained significantly higher improvements
than conventional physical therapy [48–50]. These results are also not in line with the
current review.
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4.5. Discussion with Other Reviews

The results obtained in our meta-analysis differ partially from those found in other
reviews. Bordeleau et al. [16] found significant differences in favor of VR versus no
VR interventions for pain intensity postintervention, which is in line with our results.
Nevertheless, there are differences in subgroup analysis. When we compared VR with
no intervention, the subgroup analysis showed significant differences in favor of VR but
in Bordeleau et al. [16] significant differences were not found. The differences found
between the meta-analysis may be due to the different articles included in each one and
how they was carried out. In addition, they included studies with back pain, whereas
we only included studies limited to CLBP patients. In Gumaa et al. [14] the results of the
meta-analysis did not show significant differences between VR interventions compared
to no intervention in pain intensity postintervention. It should be noted that in one of the
studies there was an intervention, since there was electrotherapy [26], and another had
a short intervention [51] compared to the others, so we did not consider it comparable.
Our results showed significant differences in favor of VR versus no intervention. This can
be explained by the greater number of articles included in our meta-analysis and by the
different comparisons realized. However, most of the studies included in this meta-analysis
had a small sample size, fair methodological quality, and unclear risk of bias.

Bordeleau et al. [16] did not observe significant differences between horse simulator
riding and interventions without VR, whereas in our meta-analysis significant differences
in favor of horse simulator riding were obtained in pain intensity postintervention. In
addition, this is consistent with the results found in two reviews. Collado-Mateo et al. [52]
concluded that horse-riding simulators are a promising tool to reduce pain intensity in low
back patients, but the interpretation of the results must be performed with extreme caution
due to the large heterogeneity, the low number of studies, and the potential risk of bias.
Ren et al. [53] also found significant differences in favor of horse simulator riding compared
with control in pain intensity postintervention and severity of disability in people with
CLBP. However, Ren el al. included another type of VR in addition to horse simulator
riding and patients with subacute low back pain.

In Bordeleau et al. [16] the results showed that the potential beneficial effect of VR
was more important when more than 12 sessions were performed. In our review, the
interventions of included articles lasted 4, 8, or 12 weeks. In all of these cases significant
differences in favor of VR were found in pain intensity postintervention, but it should
be noted that the best results were obtained in the 12 weeks of intervention subgroup.
However, only one study was included [31].

4.6. Strengths and Limitations

This review represents an update in the knowledge about the effects of VR treatment
in CLBP, incorporating a meta-analysis of outcomes that could not be performed before.

The strengths of the current systematic review included following the PRISMA guide-
lines [17] for implementation and the use of the PICOS strategy to define the inclusion
criteria. Another strength was the performance of meta-analysis. The assessment of
methodological quality was carried out with the Downs and Black scale [19], one of the six
best scales of methodological quality [21]. Additionally, the risk of bias was assessed with
the Cochrane Risk of Bias Assessment Tool [25]. Furthermore, the review was previously
registered in PROSPERO with registration number CRD42020222129.

However, although PRISMA guidelines were adhered to and the methodology was
strictly followed, completely accounting for the limitations of the included studies was
impossible. One of the main limitations was the high heterogeneity between included
studies and the difficulties found in making comparable subgroups in order to draw solid
conclusions. There were also differences in the age ranges and in the clinical profile of
the participants. Regarding the characteristics of the patients, in four studies pain was
defined as nonspecific [7,29,30,32], in another study pain was related to work [26]. Four
studies [27,35,36,38] made reference to nonspecific pain, however, pain was not defined
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as nonspecific in the inclusion criteria of these studies. Finally, in three studies pain may
have been related to sports practice [34–36], as the participants were football players. These
differences in the origin of pain must be taken into account, because they could influence
the results. Furthermore, the sample size of the included studies was relatively small in
some of the studies (19 to 179) and there are no data on long-term outcomes. Finally, three
studies compared VR with no intervention and it was expected that results in favor of VR
would be observed.

4.7. Clinical Implications for Practice

VR interventions could be integrated into clinical practice to reduce pain intensity and
kinesiophobia in patients with CLBP, with good results in the short and midterm followup.
However, its effects on midterm followup have only been analyzed in a specific population
of young sportsmen and cannot be generalized to the general population. Evidence for
the efficacy of VR in disability associated with low back pain remains limited. Of the
different types of VR, the Prokin System and horse simulator riding have obtained the best
short-term results. However, only the studies using the Prokin System showed significant
differences at midterm followup (6 months). In addition, this type of VR was combined
with physiotherapy. Regarding the duration of the program, an intervention of 12 weeks
showed the best results. However, interventions of 4 or 8 weeks also obtained significant
results in favor of VR.

4.8. Future Research

None of the included studies assessed the variables at long-term followup so future
research needs to focus on long-term effects. It may be interesting to conduct more studies
comparing VR and physiotherapy versus physiotherapy due to the results obtained in
other populations and the low quality of the studies included in this review. Prokin
System and horse simulator riding showed good results in the treatment of CLBP. However,
these devices are sophisticated and specialized and can be difficult to obtain for a clinic.
Therefore, more studies would be necessary to explore the effects of Nintendo consoles in
the treatment of CLBP. Although its results are inconclusive, it is commercially available
and easier to implement in clinical practice. In addition, there is the possibility of it being
used at home. Most of the studies included in this review have been conducted in adult
patients under 30 years of age, and our best results were obtained in studies that only
included young sportsmen. So, studies of similar quality in other types of populations
are needed.

5. Conclusions

The results suggest that VR interventions can significantly reduce pain intensity and
kinesiophobia in patients with CLBP after the intervention and at the 6 month followup.
However, these studies showed high heterogeneity among them, influencing the consis-
tency of the results. VR treatment showed the best results when it was compared with
no intervention, placebo, or oral treatment in pain intensity postintervention. VR com-
bined with physiotherapy versus no VR exercise and physiotherapy obtained significant
differences in pain intensity and kinesiophobia postintervention and at the six month
followup. Regarding VR systems, the Prokin System and horse simulator riding were
the most effective short-term. Evidence of Nintendo consoles is still inconclusive, but
they present some advantages, so more research is necessary. In terms of the duration of
the program, 4, 8, or 12 week interventions showed good results. Studies are needed to
evaluate the long-term effects of these interventions.
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Appendix A

Table A1. Search Strategy Studies.

Database PubMed

Date 05/08/2021

Strategy #1 AND #2

#1 (“back pain”[Mesh] OR “back pain” OR “low back pain”[Mesh] OR “backache” OR “spine pain” OR “spinal pain” OR
“lumbago” OR “sciatica”)

#2

(“Video Games”[Mesh] OR “video game*” OR “videogame*” OR “Gaming” OR “Game” OR “games” OR “Wii” OR “Nintendo”
OR “Kinect” OR “Xbox” OR “PlayStation” OR “Virtual Reality”[Mesh] OR “virtual reality” OR “Virtual Reality Exposure
Therapy”[Mesh] OR “exergame*” OR “gamification” OR “virtual” OR “computer-based” OR “augmented reality” OR “horse
riding” OR “horseback” OR “hippotherapy simulator” OR “equine simulator”)

Database Web of Science

Date 05/08/2021

Strategy #1 AND #2

#1 TS = (“back pain”[Mesh] OR “back pain” OR “low back pain”[Mesh] OR “backache” OR “spine pain” OR “spinal pain” OR
“lumbago” OR “sciatica”)

#2

TS = (“Video Games”[Mesh] OR “video game*” OR “videogame*” OR “Gaming” OR “Game” OR “games” OR “Wii” OR
“Nintendo” OR “Kinect” OR “Xbox” OR “PlayStation” OR “Virtual Reality”[Mesh] OR “virtual reality” OR “Virtual Reality
Exposure Therapy”[Mesh] OR “exergame*” OR “gamification” OR “virtual” OR “computer-based” OR “augmented reality” OR
“horse riding” OR “horseback” OR “hippotherapy simulator” OR “equine simulator”)

Database Scopus

Date 07/08/2021

Strategy #1 AND #2

#1 TITLE-ABS-KEY (“back pain” OR “low back pain” OR “backache” OR “spine pain” OR “spinal pain” OR “lumbago” OR
“sciatica”)

#2

TITLE-ABS-KEY (“video game*” OR “videogame*” OR “Gaming” OR “Game” OR “games” OR “Wii” OR “Nintendo” OR
“Kinect” OR “Xbox” OR “PlayStation” OR “virtual reality” OR “Virtual Reality Exposure Therapy” OR “exergame*” OR
“gamification” OR “virtual” OR “computer-based” OR “augmented reality” OR “horse riding” OR “horseback” OR
“hippotherapy simulator” OR “equine simulator”)

Database Cinahl

Data 06/08/2021

Strategy #1 AND #2

#1 AB (“back pain”[Mesh] OR “back pain” OR “low back pain”[Mesh] OR “backache” OR “spine pain” OR “spinal pain” OR
“lumbago” OR “sciatica”)

#2

AB (“Video Games”[Mesh] OR “video game*” OR “videogame*” OR “Gaming” OR “Game” OR “games” OR “Wii” OR
“Nintendo” OR “Kinect” OR “Xbox” OR “PlayStation” OR “Virtual Reality”[Mesh] OR “virtual reality” OR “Virtual Reality
Exposure Therapy”[Mesh] OR “exergame*” OR “gamification” OR “virtual” OR “computer-based” OR “augmented reality” OR
“horse riding” OR “horseback” OR “hippotherapy simulator” OR “equine simulator”)
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Appendix B

Table A2. Search Strategy Ongoing Trials.

Database ClinicalTrials.gov

Date 17/08/2021

Strategy (“back pain” OR “low back pain”) AND (“video games” OR “virtual reality” OR “virtual reality exposure therapy”)
Filter: study type → interventional (clinical trial)

Database ISRCTN registry

Date 17/08/2021

Strategy

“back pain” AND “virtual reality”
“back pain” AND “virtual reality exposure therapy”
“back pain” AND “video games”
“low back pain” AND “virtual reality”
“low pain” AND “virtual reality exposure therapy”
“low back pain” AND “video games”

Database ICTRP

Date 28/08/2021

Strategy

“back pain” AND “virtual reality”
“back pain” AND “virtual reality exposure therapy”
“back pain” AND “video games”
“low back pain” AND “virtual reality”
“low back pain” AND “virtual reality exposure therapy”
“low back pain” AND “video games”

Appendix C

Table A3. Excluded Studies in the Last Screening with Reasons for Exclusion (n = 44).

Article Reason for Exclusion

Virtual Environment Rehabilitation for Patients with Motor Neglect Trial (VERMONT): A Single-Center
Randomized Controlled Feasibility Trial No chronic low back pain

Home-Based Balance Training Using the Wii Balance Board No chronic low back pain

Interactive Sections of an Internet-Based Intervention Increase Empowerment of Chronic Back Pain
Patients: Randomized Controlled Trial No chronic low back pain

Response latencies to postural disturbances when using a virtual reality balance trainer or wobble
board in persons with low back pain No chronic low back pain treatment

Feasibility, Acceptability and Effects of a Home-Based Exercise Program Using a Gerontechnology on
Physical Capacities After a Minor Injury in Community-Living Older Adults: A Pilot Study No chronic low back pain

Effectiveness of Trunk Balance Exercises and Wii Fit TM Balance Exercises in Managing Disability and
Pain in Patients with Chronic Low Back Pain Not randomized trial

Serious Gaming During Multidisciplinary Rehabilitation for Patients With Chronic Pain or Fatigue
Symptoms: Mixed Methods Design of a Realist Process Evaluation Not randomized trial

Examining virtual reality gaming for pain-related fear and disability in chronic low back pain Meeting abstract

Using Virtual Reality to Treat Chronic Pain: Virtual Graded Exposure for Chronic Low Back Pain and
Virtual Walking for Persistent Neuropathic Pain in Spinal Cord Injury Meeting abstract

Cost effectiveness of virtual reality game versus clinic based mckenzie extension therapy for chronic
non specific low back pain Meeting abstract

Modulating body-image in people with chronic back pain using virtual reality Meeting abstract

Preliminary Feasibility of a Graded, Locomotor-Enabled, Whole-Body Virtual Reality Intervention for
Individuals with Chronic Low Back Pain Not randomized trial

RabbitRun: An Immersive Virtual Reality Game for Promoting Physical Activities Among People with
Low Back Pain dagger Not randomized trial

Virtual Reality Serious Game for Musculoskeletal Disorder Prevention Not randomized trial

Exploring the role of pain-related fear and catastrophizing in response to a virtual reality gaming
intervention for chronic low back pain Meeting abstract
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Table A3. Cont.

Article Reason for Exclusion

Effects of a Nintendo Wii exercise program versus Tai Chi Chuan on standing balance in older adults: a
preliminary study Not randomized trial

A novel, web-enabled multimedia approach, with 3D virtual reality internal and external human body
tours, to support low back pain diagnosis Not randomized trial

Low Back Pain Attenuation Employing Virtual Reality Physiotherapy Not randomized trial

Mindfulness-based cognitive-behavior therapy (MCBT) versus virtual reality (VR) enhanced CBT,
versus treatment as usual for chronic back pain. A clinical trial Not randomized trial

A Portable Wireless Solution for Back Pain Telemonitoring: A 3D-Based, Virtual Reality Approach Not randomized trial

Assessing the Perception of Trunk Movements in Military Personnel with Chronic Non-Specific Low
Back Pain Using a Virtual Mirror Not randomized trial

ALFRED Back Trainer: Conceptualization of a Serious Game-Based Training System for Low Back Pain
Rehabilitation Exercises Not randomized trial

A Virtual Reality Lower-Back Pain Rehabilitation Approach: System Design and User
Acceptance Analysis Not randomized trial

Efficacy of virtual reality to reduce chronic low back pain: Proof-of-concept of a non-pharmacological
approach on pain, quality of life, neuropsychological and functional outcome Not randomized trial

Proposed Game for Promoting Physical Activities among People with Low Back Pain using
Virtual Reality Not randomized trial

The influence of a biopsychosocial educational internet-based intervention on pain, dysfunction, quality
of life, and pain cognition in chronic low back pain patients in primary care: a mixed methods approach Not randomized trial

Tailored, multimedia versus traditional educational interventions for patients with low back pain: a
randomized clinical trial. No virtual reality intervention

Seeing It Helps: Movement-related Back Pain Is Reduced by Visualization of the Back
During Movement No virtual reality intervention

New exercise system for waist and back and its effect detection No virtual reality intervention

Tele-rehabilitation for back pain in Korean farmers No virtual reality intervention

Body schema acuity training and Feldenkrais RTM movements compared to core stabilization
biofeedback and motor control exercises: Comparative effects on chronic non-specific low back pain in
an outpatient clinical setting: A randomized controlled comparative study

No virtual reality intervention

Effect of Motor Control Training on Muscle Size and Football Games Missed from Injury No virtual reality intervention

Randomized trial comparing interferential therapy with motorized lumbar traction and massage in the
management of low back pain in a primary care setting No virtual reality intervention

Self-Administered Skills-Based Virtual Reality Intervention for Chronic Pain: Randomized Controlled
Pilot Study Not only spinal pain

Effects of physiotherapy associated to virtual games in pain perception and heart rate variability in
cases of low back pain No chronic low back pain

Adherence to home exercises in non-specific low back pain. A randomised controlled pilot trial. No chronic low back pain

Radiological (Magnetic Resonance Image and Ultrasound) and biochemical effects of virtual reality
training on balance training in football players with chronic low back pain: A randomized
controlled study.

No variables related to pain

The Effects of VR-based Wii Fit Yoga on PhysicalFunction in Middle-aged Female LBP Patients No chronic low back pain

Evaluation of biofeedback based bridging exercises on older adults with low back pain: A randomized
controlled trial No chronic low back pain

Is physiotherapy integrated virtual walking effective on pain, function, and kinesiophobia in patients
with non-specific low-back pain? Randomied controlled trial No chronic low back pain

Effect of hippotherapy simulator on pain, disability and range of motion of the spinal column in
subjects with mechanical low back pain: A randomized single-blind clinical trial No chronic low back pain

A change in the size of the abdominal muscles and balance ability after virtual reality exercise in the
elderly with chronic low back pain No variables related to pain

Feasibility and Safety of a Virtual Reality Dodgeball Intervention for Chronic Low Back Pain: A
Randomized Clinical Trial Intervention duration < 4 weeks

Virtual reality distraction induces hypoalgesia in patients with chronic low back pain: a randomized
controlled trial Intervention duration < 4 weeks
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Appendix D

Table A4. Characteristics of Included Registry Entries or Ongoing Trials (n = 17).

Number Article Recruitment Status

NCT02125968 Therapeutic Effects of Video Game Play Therapy on Patients
With Chronic Low Back Pain Unknown status

NCT03819907 The Use of Virtual Reality for Lumbar Pain Management in
an Outpatient Spine Clinic Completed

NCT04468074 Virtual Reality Treatment for Adults With Chronic Back Pain Completed

NCT04042090 The Efficacy, Acceptability, Tolerability and Feasibility of a
Therapeutic Virtual Reality Application Active, not recruiting

NCT04273919 Virtual Reality for the Treatment of Chronic Low Back Pain Recruiting

NCT04236804

Implementing TMC-CP01 Treatment Based on the Virtual
Autonomic Neuromodulation Induced Systemic Healing
System in Reducing Pain and Opioid Requirement in
Subjects Suffering From Chronic Low Back Pain

Recruiting

NCT04307446 Immersive Virtual Reality and Chronic Back Pain Recruiting

NCT04139564 EaseVRx for the Reduction of Chronic Pain and Opioid Use Recruiting

NCT04225884 Digital Therapeutics (DTx) for Pain: Pilot Study of a Virtual
Reality Software for Chronic Pain Recruiting

NCT04609787 Immersive Virtual Reality and Central Sensitization in
People With Chronic Pain Recruiting

NCT03909048 Chronic Low Back Pain Graded - Exposure
Psychoeducation Intervention Completed

PACTR202010569932287
Comparative effects of augmented, virtual and mixed reality
on pain characteristics and health-related quality of life of
patients with chronic non-specific low-back pain.

Not recruiting

PACTR202007533977502
Comparative effects of clinic and virtual reality-based
McKenzie extension therapy in chronic non-specific
low-back pain.

Not recruiting

IRCT20200330046895N1
Effects of virtual reality exercises on clinical outcomes in
patients with chronic low back pain: a randomized
controlled trial.

Recruiting

ACTRN12619001776190 Altering body image in chronic low back pain using virtual
reality: A proof of concept randomised clinical trial. Not recruiting

PACTR201907749053096
Effects of Core Stability Exercise Combined with Virtual
Reality in Collegiate Athletes with Nonspecific Low Back
Pain: A Randomized Clinical Trial.

Not recruiting

JPRN-UMIN000035505 Effect of exercise by Virtual Reality in patients with chronic
low back pain. Not recruiting
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Appendix E

Table A5. Methodological Quality of Included Studies.

Study Quality
External
Validity

Study Bias
Confounding and

Selection Bias
Study
Power

Author (Year) [Ref.] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total Quality

Park et al. (2013) [26] 1 1 1 1 2 1 1 0 1 0 0 0 0 0 0 1 1 1 1 1 1 0 1 0 0 0 0 16 FAIR

Oh et al. (2014) [27] 1 1 1 1 2 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 1 0 1 0 0 0 0 15 FAIR

Yoo et al. (2014) [28] 1 1 1 1 2 1 0 0 1 1 1 0 0 0 0 1 1 0 1 1 1 0 1 0 0 1 0 17 FAIR

Monteiro-Junior et al.
(2015) [32] 1 1 1 1 1 1 1 1 1 0 0 0 1 0 1 1 1 1 1 1 1 0 1 1 0 1 1 21 GOOD

Chen et al. (2016) [29] 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 1 1 1 0 1 1 0 1 0 0 0 1 13 POOR

Zadro et al. (2019) [7] 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 26 EXCELLENT

Kim et al. (2020) [30] 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 0 1 22 GOOD

Nambi et al. A
(2020) [34] 1 1 1 1 2 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 25 GOOD

Nambi et al. B
(2020) [35] 1 1 1 1 2 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1 1 24 GOOD

Park et al. (2020) [31] 1 1 1 1 2 1 1 0 1 1 0 1 0 1 0 1 1 1 1 1 0 0 1 0 1 1 1 21 GOOD

Tomruk et al.
(2020) [37] 1 1 1 1 2 1 1 0 1 1 0 0 0 0 0 1 1 1 1 1 1 0 1 0 0 0 1 18 FAIR

Garcia et al.
(2021) [33] 1 1 1 1 2 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 27 EXCELLENT

Nambi et al.
(2021) [36] 1 1 1 1 2 1 1 0 1 1 0 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 24 GOOD

Sato et al. (2021) [38] 1 1 1 1 2 1 1 0 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 0 0 1 1 22 GOOD
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Abstract: In the face of demographic change and constantly increasing health care costs, health care
system decision-makers face ever greater challenges. Mobile health applications (mHealth apps) have
the potential to combat this trend. However, in order to integrate mHealth apps into care structures,
an evaluation of such apps is needed. In this paper, we focus on the criteria and methods of evaluating
mHealth apps for cardiovascular disease and the implications for developing a widely applicable
evaluation framework for mHealth interventions. Our aim is to derive substantiated patterns and
starting points for future research by conducting a quasi-systematic scoping review of relevant peer-
reviewed literature published in English or German between 2000 and 2021. We screened 4066 articles
and identified n = 38 studies that met our inclusion criteria. The results of the data derived from
these studies show that usability, motivation, and user experience were evaluated primarily using
standardized questionnaires. Usage protocols and clinical outcomes were assessed primarily via
laboratory diagnostics and quality-of-life questionnaires, and cost effectiveness was tested primarily
based on economic measures. Based on these findings, we propose important considerations and
elements for the development of a common evaluation framework for professional mHealth apps,
including study designs, data collection tools, and perspectives.

Keywords: mobile health; cardiovascular diseases; evaluation methods

1. Introduction

In 2019, over 331,000 deaths in Germany were attributed to cardiovascular disease
(CVD) [1], the treatment of which generates higher medical costs to the German healthcare
system than any other single illness, estimated at € 46.4 billion in 2015 [2]. Similarly, in
the US, CVD is among the most expensive and most frequent causes of death among the
population [3]. Kvedar et al. [4] pointed out the urgent need to develop, optimize, and
evaluate programs and technologies that ensure more effective care for patients, where
mobile health (mHealth) concepts are likely to play a significant role [5]. The World Health
Organization defines mHealth as “Medical and public health practice supported by mobile
devices, such as mobile phones, patient monitoring devices, personal digital assistants
(PDAs), and other wireless devices” [6].

The 2019 German Digital Healthcare Act (DVG) permitted mobile health applications
(mHealth apps)that meet specific requirements to be included the list of reimbursable
digital health applications (DiGA list) [7]. Germany is one of the first countries to introduce
a standardized mechanism for reimbursing digital health services and its healthcare and
medical insurance policy-makers are still working through several challenges. For example,
the DiGA list only includes mHealth apps classified as medical devices as defined in the
Medical Devices Act administered by the German Federal Institute for Drugs and Medical
Devices (BfArM) [8]. While other professional mHealth apps, such as medication reminders
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or prevention apps, demonstrate both medical benefit and positive care effects, they remain
ineligible for reimbursement.

Beyond narrowly defined medical devices, the data and treatment results provided
by other professional mHealth apps require equally stringent assessment to ensure reli-
ably high-quality care. Notably, there is currently no established and broadly applicable
framework for evaluating mHealth interventions [9].

As a step toward filling this gap, this study examines the criteria and methods for
evaluating mHealth interventions for cardiovascular disease discussed in the published
literature as a basis for developing a more broadly applicable framework.

2. Materials and Methods

In this study, we conducted a quasi-systematic scoping review of methods and criteria
used to evaluate cardiovascular disease mHealth apps in the published literature. In
a preliminary scoping review, we identified gaps in the literature and synthesized key
concepts in a narrative review [10]. Then, in an iterative process, we scoped the literature
with refined search terms, performing a final quasi-systematic search with fixed search
terms [11].

2.1. Preliminary Scoping Review

We conducted a preliminary scoping review of articles of mHealth apps for CVD
through an unstructured and open search to generate an overview of existing methods
of evaluating mHealth apps for CVD [12] and to confirm the validity of our research
objective. The results of this review informed the development of our final search strategy
and analysis.

2.2. Inclusion and Exclusion Criteria

Our preliminary scoping review revealed various apps designed to reduce the users’
risk of developing cardiovascular disease. These apps focus mainly on reduction and con-
trol of risk factors for CVD, such as diabetes, hypertension, chronic obstructive pulmonary
disease, nutrition, and physical activity. Based on these results, we derived inclusion and
exclusion criteria for the subsequent quasi-systematic scoping review of publications in
German and English evaluating mHealth apps designed for adult patients diagnosed with
acquired cardiovascular disease. Table A1 in the Appendix A provides a complete overview
of our inclusion and exclusion criteria.

2.3. Search Strategy

Our final search followed a quasi-systematic approach. We searched the “PubMed”,
“Livivo”, and “ProQuest” databases to identify relevant literature published between 2000
and the beginning of April 2021. The last search took place on 6 April 2021. Using keywords
and index terms relevant to cardiovascular disease, mHealth, and evaluation, we developed
search strings, which we adjusted for each database. Table A2 in the Appendix A provides
a list of our search terms.

2.4. Literature Selection

In selecting suitable literature, we applied the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) scheme [13]. The process steps and the results of
the study selection are illustrated in Figure 1 below.
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Figure 1. PRISMA flow diagram of the study.

After importing our 5044 records into Covidence, we excluded 978 duplicates. Then,
two scholars independently screened the titles and abstracts of the remaining 4066 entries
to identify adherence to previously defined inclusion and exclusion criteria. After resolving
inconsistencies by consensus, 3708 studies were excluded. We then undertook a full-text
review of the remaining 358 articles, excluding an additional 320 studies because they
failed to meet our inclusion criteria. Many of the articles we excluded were study protocols,
focused on apps designed only to prevent risk factors, such as high blood pressure or
diabetes apps, or assessed apps that rely on implanted sensor technology. Our final sample
of n = 38 articles was included in the scoping review and approved for data extraction.

2.5. Data Extraction and Analysis

In a next step, we extracted data from the studies according to variables, in order
to sort and map the literature to reveal patterns, key information, and research gaps in
a data chart for subsequent evaluation. The data extraction sheet was developed by two
authors based on the findings of the preliminary scoping review and adapted as part of
the iterative process to ensure all relevant information from the studies were captured and
included in the analysis. To identify evaluation approaches and criteria, we classified the
studies into three categories. Interventions carried out using only an app are classified as
“mHealth app”; interventions using an app plus at least one additional device, such as an
electrocardiogram or smartwatch, are classified as “mHealth system”; and interventions
using only text messages are classified as “mHealth text messaging”. Table A3 in the
Appendix A summarizes the extracted information as a data chart.
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3. Results

3.1. Characteristics of the Identified Studies

All articles included in our study were published between 2012 and 2020, even though
our search spanned 2000 to April 2021. One-third of the articles were published by scholars
in the US (n = 13), 13% by scholars in Australia, and 10% by scholars in China. Studies
with quantitative and qualitative research designs were included in our review. The largest
proportion (n = 18) consists of randomized controlled trials (RCTs), followed by single-
arm prospective studies and mixed-methods studies (each n = 7). Figure 2 illustrates the
frequency of study designs.

 
0 2 4 6 8 10 12 14 16 18

RCT

Single-Arm Prospective Study

Mixed-Methods Study

Cohort Study

Registry Study

Usability Study

Cluster Randomized Trial

Qualitative Study

Figure 2. Study designs of the studies identified.

Four of the studies [14–17] lasted over 12 months, while the shortest study lasted
2 weeks [18]. The largest study had 767 participants [18], while the smallest study had
8 participants [19]. Just over half (57.9%) of the studies reported a retention rate (RR) (the
percentage of study participants who remained in the study until the defined end of the
study process) of between 90% and 100%, while only four studies [20–23] reported an RR
of below 50%. For analysis purposes, we also tracked the corresponding loss to follow-up
(LTFU) (the percentage of study participants who drop out of a study before the defined
end of the study process) figure for each study.

Just over half (52.6%) of the studies focused on mHealth systems (app plus device).
The context includes applications for telemonitoring (n = 12) as well as for cardiac reha-
bilitation (CR) (n = 8). Seven studies in the mHealth apps (app only) category focused
on self-management applications and five focused on CR. In contrast, the smallest share
(15.7%) of studies focused on text messaging for self-management purposes (mHealth text
messaging category).

3.2. Methods and Measurements for Evaluating mHealth Technologies

The studies followed qualitative, quantitative, and mixed-methods designs and the
great majority (n = 31) analyzed data collected through standardized questionnaires. In
most cases (n = 33), the overall aim of the research was to assess participants’ perceptions
of treatment and subjective health. In addition to general questionnaires on quality of life
(e.g., “EQ-5D” [15], “health-related quality of life” [15], illness (e.g., “Self-Care of Heart
Failure Index” [24]) or the psychological well-being of the patients (e.g., “8-item Morisky
Medication Adherence Scale” [25,26], “Hospital Anxiety and Depression Scale” [20]), spe-
cific question sets for digital applications were also used. The Mobile Application Rating
Scale (MARS) was frequently applied in assessing mHealth apps [27]. The “Perceived
Health Web Site Usability Questionnaire” (PHWSUQ) [28] specifically addresses assessing
the usability of websites among elderly participants [29]. Each questionnaire appeared
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once in the analysis [18,28]. In addition to standardized question sets, self-defined ques-
tionnaires (n = 3), interviews (n = 5), and open-feedback rounds (n = 7) were conducted to
determine perceptions.

A large proportion of the publications (63%) evaluated mHealth interventions using
medical measurements (e.g., blood pressure, pulse, weight), comparing health parameters
before and after the intervention. The results were often compared directly between the
standard of care and the mHealth intervention (n = 15). The medical outcomes were used to
assess, among others, the feasibility of the intervention (n = 16) and physical activity (n = 21).
The measurements were either documented by the participants using the mHealth device
or determined by healthcare providers using monitoring data or laboratory diagnostics.

Interactions with the mHealth app on the part of patients (n = 19) and health care
providers (n = 2) were often recorded in usage protocols (n = 19) used to draw conclusions
about participants’ motivation (n = 17), adherence (n = 18), and self-efficacy (n = 14). In
mHealth apps for CR, usage data and logging activities related to login-ins, training, or
learning modules were analyzed [30,31]. In one study of an mHealth system for medi-
cation adherence [32], the number of times two electronic pill bottles were opened was
documented using timestamps.

The usability of mHealth interventions (n = 14) was evaluated using several mea-
surement methods and instruments, such as the PHWSUQ and the “System Usability
Scale” [33]. A theoretical basis was used in two studies [34,35] to develop the intervention
and measure usability. One study adapted the Unified Theory of Acceptance and Use
of Technology 2 (UTAUT2) to measure various factors influencing mHealth intervention
technology use behavior [36]. In another study [34], the practice of mHealth was prompted
by the responsible intervention team as part of a usability test.

Over one-third of the studies (n = 14) investigated the effectiveness and efficiency of
mHealth for new clinical treatments. Several studies relied on various key performance
indicators (KPIs) in assessing mHealth effectiveness (n = 11), including, most frequently,
hospital readmission, length of hospital stay, number of doctor visits, and hospital admit-
tance due to heart defects. Less attention was paid to mortality and personnel resources
required for monitoring. Two studies [37,38] undertook cost-effectiveness analyses. A small
number of studies used application-specific indicators, such as data management [38,39],
communication between users [38,40], app features [18,41], design characteristics [42], or
technology and algorithm analyses [43].

4. Discussion

The integration of mHealth apps into healthcare structures is a relatively young field
of investigation: the analysis shows that the oldest two studies [14,24] date back less than
10 years, probably due to relatively recent and rapid developments in mobile technologies.
The relevance of the research topic of mHealth systems and their evaluation is supported
by the large number of publications that we found, and a large body of research exists for
health applications for certain manageable illnesses and conditions, such as diabetes, high
blood pressure, and obesity-related health problems. Most of the studies included in the
analysis were randomized controlled trials, thus providing high-quality evidence-based
results and high proof of efficacy [44].

4.1. Patient Empowerment in mHealth Interventions for CR

Overall, our results show that mHealth interventions for cardiac rehabilitation (CR)
can be used to reduce or manage coronary heart disease (CHD) and potentially contribute
to secondary prevention by empowering heart attack survivors to monitor their risk
factors themselves and act accordingly. We find that by using self-management functions,
patients can participate actively in their care process and take more responsibility for their
health [45]. We thus identify self-efficacy and motivation as key indicators for evaluating
mHealth interventions and in an evaluation framework. This recommendation underscores
Schwab et al.’s discussion of approaches to developing mHealth applications and the
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importance they attribute to increasing awareness and empowerment among patients and
healthcare professionals [46].

4.2. Usage Behavior and Motivation

Our results show that the retention rate and LTFU are suitable measures of motivation
and commitment among mHealth intervention users. The fact that more than half of the
studies identified had a very high retention rate indicates an overall positive perception
of mHealth interventions among users. Our results indicate that usage protocols provide
reliable insights into usability, acceptance, and user motivation levels. We also identify
the benefits of adapting the Unified Theory of Acceptance and Use of Technology 2”
(UTAUT2) to fit the mHealth application use context: the modified construct includes
seven factors influencing intention to use a telemonitoring system, together with the
independent variables age, gender, and experience influencing the factors.

4.3. Quantitative and Qualitative Research Methods

While both quantitative and qualitative research methods can be used to collect data,
almost all included studies use standardized validated questionnaires and scales, enabling
the analysis and comparison of large samples and yielding comparable quantifiable results.
Using validated tools is cost and time efficient [47]. Since quantitative research methods
often allow little room to interpret the questions, the research framework should include
open questions, such as semi-structured interviews or focus groups [48]. Our results
illustrate the benefits of combing quantitative and qualitative research methods, particularly
in assessing patient satisfaction with the intervention.

4.4. Quality Assessment

The Mobile Application Rating Scale (MARS) [18] has been used as an instrument
to assess the quality of mHealth apps according to the following quality indicators: en-
gagement, functionality, aesthetics, information quality, and subjective app quality [27].
Terhorst et al. [49] demonstrated the suitability and validity of these indicators and rec-
ommended using the instrument to increase transparency for stakeholders and patients.
While an mHealth intervention evaluation framework should include app quality criteria,
the quality assessment should not be limited to subjective user feedback but rather should
include data quality and interoperability with other devices and interfaces.

4.5. Privacy and Data Security

Data security and privacy are important to patients and legally protected. Schnall
et al. [50] found a decrease in trust in mHealth solutions and data transfer over time and
Zhou et al. [51] showed that some patients refuse to use mHealth applications because
of security concerns, loss of interest, or hidden costs. Despite these concerns, our results
show that little attention has been paid to data management, such as data transfer between
health care providers and participants, data privacy, and data security. An mHealth
app evaluation framework should assess the app’s data protection systems carefully and
communicate the results transparently.

4.6. Economic Evaluation

Performance measures, such as hospital readmissions, are an important indicator of
the effectiveness and efficiency of mHealth systems and should be included in an eval-
uation framework as well. In the CR mHealth intervention context, our results show
that mHealth apps can reduce heart failure-related hospital days and studies conduct-
ing cost-effectiveness analysis underscore that shortening out- and inpatient stays also
cuts healthcare costs [52]. Similarly, Maddison et al.’s [37] post-hoc economic evaluation
assessed the costs of implementing and delivering the intervention to calculate the in-
cremental cost-effectiveness ratio (ICER) between costs and quality-adjusted life years
(QALYs) gained and to compare the health benefit gains of switching from standard in- and
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outpatient care to mHealth-supported care. The authors found that mHealth interventions
are more cost-effective compared to the standard care and can improve health-related
quality of life in an ongoing program. Martín et al. applied a “Hidden Markov Model” to
measure cost-effectiveness. Long-term costs and outcomes associated with an illness and a
particular health intervention can be estimated over multiple cycles, based on resource use
and health outcomes [53]. Martín et al.’s [38] study modeled the different disease states
of patients during the mHealth intervention, using economic parameters for the outcome
analysis and aligning participants’ health-specific and follow-up data with healthcare costs
published by the health care system. Their cost-effectiveness analysis model showed that
introducing an mHealth app lowered the overall cost of disease management by 33% of the
total cost of disease management [38]. Pavlović et al.’s [54] results are equally striking: in-
troducing mHealth apps can reduce the total expenses related to data collection in medical
scenarios by 50%.

5. Conclusions

Our scoping review of scholarly articles including criteria and methods of evaluating
mHealth apps for cardiovascular disease makes recommendations for developing an
evaluation framework for mHealth interventions. In keeping with recent research on the
health benefits of active patient involvement in their treatment process, we recommend
adopting a user perspective. While various methods and criteria have been used, we
recommend quantitative methods using validated standardized questionnaires to generate
comparable quantifiable results with a reasonable effort in terms of time commitment and
cost. In addition to considering the overall effects of mHealth apps on mental and physical
health, we recommend that mHealth intervention evaluations apply usage protocols to
understand the patients’ interaction with the application and assess their motivation,
engagement, and acceptance of integrating the interventions into healthcare processes
sustainably. We also recommend including the retention rate and LTFUs, and adapting use
and acceptance constructs, such as UTAUT2, into the mHealth technology use setting by
modifying its assessment dimensions accordingly.

In terms of the overall scope and considerations for the development of an mHealth
app evaluation framework, we recommend focusing on the added value of an mHealth
intervention. Specifically, we recommend laboratory diagnostics and physical tests to
assess objective physical health, standardized surveys and semi-structured interviews
to assess subjective quality of life, and economic performance and efficiency KPIs, such
as hospital readmission data and incremental cost-effectiveness ratios between costs and
quality-adjusted life years. Heterogeneity of results by using different standardized surveys
and questionnaires could be a major challenge for the analysis and comparisons of the
results from such a framework. Therefore, the selection of data collection tools needs to be
made carefully.

mHealth app providers, patients, healthcare providers, healthcare systems, and society
at large will benefit by applying these recommendations when developing a holistic
framework to evaluate mHealth apps and interventions to ensure that they are effective,
efficient, empowering, accurate, sustainable, and safe. Such a framework will enable an
informed decision when choosing an mHealth app.
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Appendix A

Table A1. Inclusion and exclusion criteria based on the PCC elements.

PCC Elements Inclusion Criteria Exclusion Criteria

Population
Patients (>18 years) with a diagnosed CHD

No limitation of the number of participants, origin,
gender of the study participants

Patients who are at risk of coronary heart disease
Relatives of cardiovascular patients, e.g., children

Comorbid heart disease (e.g., congenital heart defect,
heart transplant)

Healthy, voluntary study participants

Concept

mHealth Application

Wearable mHealth applications for patients with CHD
Studies using qualitative or quantitative methods to
evaluate mHealth applications (e.g., standardized

questionnaires, quality guidelines, device data sets,
usage logs)

No limitation of the evaluation parameters
Fully developed mHealth applications

mHealth applications for the use of exclusively:
Risk factors (e.g., high blood pressure)

Diabetes
Chronic Obstructive Pulmonary Disease

Pregnancy
Nutrition assessment (e.g., food tracking)

Sport and Wellness
Sensor technology (e.g., implanted sensor)

Applications that are only designed for health care
providers, e.g., Clinical Assessment Tool

A risk screening tool of CHD for the population
Pure descriptions of the apps (e.g., system, technical,

program, algorithm description)

Study Design

Single study designs for evaluating a mHealth
intervention for patients with CHD

Written in English or German

Study protocols
Preliminary studies (e.g., for the development of the app)

Reviews (e.g., systematic reviews, scoping reviews)
Case studies

Context

No limitation of cultural parameters (e.g., geographical
location, social origin, gender-specific interests) Unpublished literature

No restriction of the setting, e.g., acute care, primary
care, rehabilitation facilities

Full texts

Table A2. Search strings and number of results.

Database Search String Search Date Results (n)

PubMed Heart Disease* OR Cardiovascular Disease* AND “Mobile Health” OR “mHealth”
OR Smartphone App* AND Evaluation 5 January 2021 2916

Livivo Cardiovascular disease AND mHealth OR mobile health app AND evaluation 13 January 2021 485

Proquest (mHealth OR “mobile health” app) AND Evaluation AND cardiovascular disease 13 January 2021 1356

Total records 4757

+ Additional studies from reference lists of 37 systematic reviews
Pubmed 6 April 2021 287

Total records generated by search 5044
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Table A3. Extracted data of the 38 studies included in the analysis.

Country
[Ref]

Setting Type of
Intervention

Study Design
Type(s) of
Evaluation

Evaluation
Indicators

Evaluation
Methods

Canada
[24]

Home-based
and hospital

mHealth system
devices:

mobile phone,
weight scale,

blood pressure
monitor, ECG

recordings

RCT
Sample size n = 100
Duration: 6 months
Retention rate: 94%
Loss to follow-up: 6

Feasibility
Medical Outcomes
Comparison with
standard of care

Utilization
Clinical

Management
Quality of Life
Effectiveness/

Efficiency

Clinical endpoints
Physical well-being
Health parameters

(BP, weight,
ECG)

Hospital KPIs
application:

Patient perception
/feedback
Clinicians’
interaction

Medical
measurements
Standardized

questionnaires
Collection of

hospital
KPI data

USA
[34] Home-based mHealth app

Usability study
Sample: n = 15

Duration: -
Retention rate: 87%
Loss to follow-up: 2

Acceptability
Usability

Medical outcome
Self-efficacy

Clinical endpoints:
Physical activity

Application:
Task completion

success
Mobile technology

use
Patients’ interaction

Interviews
Standardized

questionnaires
Open feedback

Usability testing
Guidance by

UTAUT2
construct

USA
[30]

Home-based
and cardiac
rehabilita-

tion

mHealth system
devices: app,
monitoring
dashboard

Single-arm
prospective study

Sample: n = 18
Duration: 3 months
Retention rate: 72%
Loss to follow-up: 5

Feasibility
Engagement
Acceptability

Medical outcome

Clinical endpoints:
Health parameters

(BP, functional
capacity, safety)

Application:
Patients’ interaction

with app
Patient percep-
tion/feedback

Open feedback
Usage logs

Belgium
[31]

Home-based
and cardiac
rehabilita-

tion
mHealth app

Mixed-methods
study

Sample: n = 32
Duration: 4 months
Retention rate: 88%
Loss to follow-up: 4

Comparison of
usual care

Engagement
Effectiveness
Usefulness

Medical outcome
Quality of life

Clinical endpoints:
Physical activity

Health parameters
Application:

Patients’ percep-
tion/feedback

Patients’ interaction

Interviews
Standardized

questionnaires
Medical

measurements
Usage logs

China
[39] Home-based mHealth app

Cluster randomized
trial

Sample: n = 209
Duration: 3 months
Retention rate: 80%

Loss to
follow-up: 42

Usability
Feasibility

Acceptability
Medical outcome

Safety
accuracy/consistency

Quality of life
Self-efficacy

Clinical endpoints:
Health parameters

Psychological
well-being

Application:
Patients’ percep-
tion/feedback

Knowledge
Data management

Open Feedback
Medical

measurements
Standardized

questionnaires
Questionnaires
(self-defined)
Collection of

cointervention
data (medical
outcome data)

USA
[55]

Home-based
and hospital

mHealth system
devices:
wireless

ECG, app

Cohort study
Sample: n = 46

Duration: 6 months
Retention rate: 76%

Loss to
follow-up: 11

Comparison of
usual care
Feasibility

Quality of life
Medical outcome

Self-efficacy

Clinical endpoints:
Physical and
psychological

well-being
Health parameters

(ECG)
Application:

Patient percep-
tion/feedback

Standardized
questionnaires

Medical
measurements

Usability testing

USA
[40]

Home-based
and hospital

mHealth system
devices: tablet,

Bluetooth-
weight scale,
pulse wave

blood pressure
wrist monitor

Mixed-methods
study

Sample: n = 28
Duration: 3 months
Retention rate: 89%
Loss to follow-up: 3

Feasibility
Comparison of

usual care
Usability

Acceptability
Medical outcome

Clinical
management
Self-efficacy

Clinical endpoints:
Health parameters
Physical well-being

Physical activity
Application:
Adherence

Patients’ percep-
tion/feedback

Clinicians’
interaction

Standardized
questionnaires

Medical
measurements

Interviews
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Table A3. Cont.

Country
[Ref]

Setting Type of
Intervention

Study Design
Type(s) of
Evaluation

Evaluation
Indicators

Evaluation
Methods

USA
[41] Home-based mHealth app

RCT
Sample: n = 60
Duration: one

month
Retention rate: 92%
Loss to follow-up: 5

Comparison of
telehealth

Medication
adherence
Feasibility

Quality of life
Acceptability
Self-efficacy

Clinical endpoints:
psychological and

physical well-being
Application:
App features

Patients’ interaction

Questionnaires
(self-defined)

Usage logs

New
Zealand

[56]
Home-based

mHealth system
devices: mobile
phone, device

for internet
support

RCT
Sample: n = 171

Duration: 6 months
Retention rate: 92%

Loss to
follow-up: 14

Medical outcome
Self-efficacy

Clinical endpoints:
Physical well-being

Physical activity
(leisure-time and

walking)
Health parameters

Standardized
questionnaires

Medical
measurements

USA
[42] Home-based mHealth app

Mixed-methods
study

Sample: n = 12
Duration: one

month
Retention rate: 92%
Loss to follow-up: 1

Feasibility
Usability

Quality of life
Self-efficacy

Acceptability
Effectiveness/efficacy

Medical outcome

Clinical endpoints:
Health parameters

Hospital KPIs
Application:

Patient percep-
tion/feedback

Message
characteristics

Open feedback
Medical

measurements
Standardized

questionnaires
Collection of

hospital
KPI data

Australia
[35] Home-based

mHealth system
devices: app,
tracking tools

(accelerometer,
wrist-worn
Fitbit Flex),
web-based
program

Cohort Study
Sample: n = 21

Duration: 4 months
Retention rate: 62%
Loss to follow-up: 8

Feasibility
Usability

Medical outcome
Self-efficacy

Quality of life
Medical outcome

Clinical endpoints:
Health parameters

Physical activity
Psychological

well-being
Application:

Mobile Technology
Use

Patient percep-
tion/Feedback

Resource
Requirements

Patients’ interaction

Medical
measurements
Standardized

questionnaires
Usage logs

USA
[16] Home-based mHealth—Text

messaging

RCT
Sample: n = 84
Duration: 12

months
Retention rate: 99%
Loss to follow-up: 1

Comparison of
usual care

Medication
adherence

Clinical endpoints:
Physical well-

Physical activity
Application:

Patients’ interaction

Usage logs
Medical

measurements
Questionnaire

USA
[57]

Home-based
and hospital

mHealth system
devices: apps,
bp cuff, scale,

dashboard,
medicine
software
platform

Registry study
Sample: n = 60
Duration: one

month
Retention rate: 97%
Loss to follow-up: 2

Feasibility
Acceptability

Effectiveness/efficacy
Medical outcome

Clinical endpoints:
Health parameters

Hospital KPIs
Application:

Patients’ interaction

Collection of
hospital KPI

data
Usage logs

Australia
[23] Home-based mHealth app

RCT
Sample: n = 166

Duration: 3 months
Retention rate: 92%

Loss to
follow-up: 14

Medication
adherence
Feasibility

Comparison of
usual care
Adherence

Acceptability
Medical outcome

Clinical endpoints:
Health parameters

Application:
Patient percep-
tion/feedback

Standardized
questionnaires
Open feedback

Medical
measurements

Malaysia
[25] Home-based mHealth -text

messaging

RCT
Sample: n = 62

Duration: 2 months
Retention rate: 97%
Loss to follow-up: 2

Medication
adherence

Medical outcome
Effectiveness/efficacy

Clinical endpoints:
Health parameters

Hospital KPIs
Application:

Patient percep-
tion/feedback

Medical
measurements
Standardized

Questionnaires
Collection of

Hospital
KPIs data
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Table A3. Cont.

Country
[Ref]

Setting Type of
Intervention

Study Design
Type(s) of
Evaluation

Evaluation
Indicators

Evaluation
Methods

USA
[32] Home-based

mHealth system
devices: mobile

phone,
electronic

pillbox,
web-based
platform

RCT
Sample: n = 90
Duration: one

month
Retention rate: 93%
Loss to follow-up: 6

Medication
adherence
Feasibility

Acceptability
Comparison of

usual care
Usability

Application:
Patient percep-
tion/feedback

Patients’ interaction

Standardized
Questionnaires

Usage logs

USA
[58]

Home-based
and hospital

mHealth system
devices: tablet,
blood pressure

cuff, weight
scale, web-based

platform

Single-arm
prospective study

Sample: n = 21
Duration: 3.2

months
Retention rate: 95%
Loss to follow-up: 1

Engagement
Effectiveness/efficacy

Acceptability
Feasibility

Usability (incl. ease
of use)

Quality of life
Medical outcome

Clinical endpoints:
Health parameters

Hospital KPIs
Application:

Patient percep-
tion/feedback

Patients’ interaction

Questionnaires
(self-defined)

Medical
measurements

Usage logs
Collection of
hospital KPIs

data
Standardized

questionnaires

Norway
[33]

Home-based
and cardiac
rehabilita-

tion
mHealth app

Single-arm
prospective study

Sample: n = 14
Duration: 3 months
Retention rate: 100%
Loss to follow-up: 0

Feasibility
Quality of life

Usability
Effectiveness/efficacy

Clinical endpoints:
Physical well-being

Hospital KPIs
Application:

Patient percep-
tion/feedback

Patient satisfaction
Adherence

Patients’ interaction

Standardized
questionnaires
Open feedback

Usage logs
Collection of

hospital
KPIs data

New
Zealand

[37]
Home-based

mHealth System
Devices: mobile

phone,
web-based
platform

RCT
Sample: n = 171

Duration: 6 months
Retention rate: 89%

Loss to
follow-up: 18

Comparison of
usual care

Effectiveness
Self-efficacy
Engagement

Medical outcome
Quality of life

Economic outcome

Clinical endpoints:
Physical activity

Health parameters
Application:

Patient percep-
tion/feedback

Cost and
Cost-effectiveness

Medical
measurements
Standardized

questionnaires
Economic

measurements

Norway
[15]

Home-based
and cardiac
rehabilita-

tion
mHealth app

RCT
Sample: n = 113

Duration: 12
months

Retention rate: 98%
Loss to follow-up: 2

Comparison of
usual care

Medical outcome
Quality of life

Clinical endpoints:
Health parameters

Application:
Patient percep-
tion/feedback

Patient satisfaction

Medical
measurements
Standardized

questionnaires

France
[59] Home-based mHealth—text

messaging

RCT
Sample: n = 521
Duration: one

month
Retention rate: 96%

Loss to
follow-up: 22

Medication
adherence

Comparison of
usual care

Clinical endpoints:
Health parameters

Application:
Patient percep-
tion/feedback

Open feedback
Medical

measurements

China
[28]

Home-based
and hospital

mHealth system
devices: apps,
smart tracking

devices (bp cuff,
weight scale,

wearable ECG),
remote

monitoring
service platform

Single-arm
prospective study

Sample: n = 70
Duration: 4 months
Retention rate: 94%
Loss to follow-up: 4

Usability
Medical outcome

Satisfaction
Engagement
Feasibility

Clinical endpoints:
Physical activity

Health parameters
Application:

Mobile Technology
Use

Patient percep-
tion/feedback

Health care
provider experience

Relatives’
experience

Patients’ interaction

Interviews
Standardized

questionnaires
Usage logs

Medical record
entries

Medical
measurements
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Table A3. Cont.

Country
[Ref]

Setting Type of
Intervention

Study Design
Type(s) of
Evaluation

Evaluation
Indicators

Evaluation
Methods

Netherlands
[60]

Home-based
and hospital

mHealth system
devices: app,
weight scale,

blood pressure
monitor, rhythm

monitor, step
counter

RCT
Sample: n = 200

Duration: -
Retention rate: 90%

Loss to
follow-up: 20

Medical outcome
Feasibility

Satisfaction
Effectiveness/efficacy

Comparison of
usual care

Clinical endpoints:
Health parameters

Hospital KPIs
Application:

Patients’ interaction
Patient percep-
tion/feedback

Medical
measurements
Standardized

questionnaires
Collection of
hospital KPIs

data
Medical record

entries
Usage logs

Canada
[61]

Home-based
and hospital

mHealth system
devices: app,
weight scales,

blood pressure
monitors

Single-arm
prospective study
Sample: n = 315

Duration: 6 months
Retention rate: 90%

Loss to
follow-up: 30

Quality of life
Effectiveness/efficacy

Medical outcome
Self-care

Clinical endpoints:
Hospital KPIs

Health parameters
Application:

Patient percep-
tion/feedback

Collection of
hospital KPIs

data
Standardized

questionnaires
Medical

measurements

USA
[21]

Home-based
and cardiac
rehabilita-

tion
mHealth app

Qualitative Study
Sample: n = 16
Duration: 2.2

months
Retention rate: 25%

Loss to
follow-up: 12

Feasibility
Acceptability

Medical outcome
Medication
adherence

Engagement
Effectiveness/efficacy

Clinical endpoints:
Health parameters

Physical activity
Hospital KPIs
Application:

Patients’ interaction
Patient percep-
tion/feedback

Medical
measurement

Usage logs
Collection of
hospital KPIs

data

China
[19] Home-based mHealth—text

messaging

RCT
Sample: n = 767

Duration: 6.4
months

Retention rate: 95%
Loss to

follow-up: 37

Effectiveness/Efficacy
Quality of life
Self-efficacy
Medication
adherence

Clinical endpoints:
Hospital KPIs

Health parameters
Application:

Patient percep-
tion/feedback

Collection of
hospital KPIs

data
Standardized

questionnaires

USA
[62] Home-based mHealth system

RCT
Sample: n = 90
Duration: one

month
Retention rate: 93%
Loss to follow-up: 6

Medication
adherence

Self-efficacy

Clinical endpoints:
Psychological

well-being
Application:

Patients’ interaction
Patient percep-
tion/feedback

Standardized
questionnaires

Usage logs

Spain
[38] Home-based mHealth app

RCT
Sample: n = 630

Duration: -
Retention rate: 86%

Loss to
follow-up: 86

Economic outcome
Engagement

Quality of life
Efficacy

Application:
Cost-effectiveness
Patient satisfaction
Data management
Communication

Economic
measurements

Australia
[18] Home-based mHealth app

Mixed-methods
study

Sample: n = 8
Duration: between 2

and 4 weeks
Retention rate: 75%
Loss to follow-up: 2

Usability

Clinical endpoints:
Physical activity

Application:
Patient percep-
tion/feedback
App features

Mobile technology
use

Standardized
questionnaires

Interviews

Canada
[17]

Home-based
and hospital

mHealth system
devices: app,
weight scales,

blood pressure
monitors

Mixed-methods
study

Sample: n = 231
Duration: 12

months
Retention rate: 87%

Loss to
follow-up: 30

Usability
Adherence

Engagement
Medical outcome

Clinical endpoints:
Health parameters

Application:
Mobile technology

use
Adherence

Patients’ interaction
Patient percep-
tion/Feedback

Guidance by
UTAUT2
construct

interviews
Usage logs

Standardized
questionnaire

Medical
measurements
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Table A3. Cont.

Country
[Ref]

Setting Type of
Intervention

Study Design
Type(s) of
Evaluation

Evaluation
Indicators

Evaluation
Methods

China
[63]

Home-based
and hospital

mHealth—text
messaging

Mixed-methods
study

Sample: n = 190
Duration: 3 months
Retention rate: 93%

Loss to
follow-up: 13

Feasibility
Usability

Acceptability
Medication
adherence

Economic outcome

Clinical endpoints:
Physical activity

Application:
Patient satisfaction

Patient percep-
tion/feedback

costs

Standardized
questionnaires
Open feedback

Economic
measurements

Israel
[64]

Home-based
and cardiac
rehabilita-

tion

mHealth system
devices: mobile

phone,
smartwatch,
monitoring

system

Single-arm
prospective study

Sample: n = 22
Duration: 6 months
Retention rate: 100%
Loss to follow-up: 0

Feasibility
Safety

Adherence
Effectiveness/efficacy

Medical outcome
Usability

Clinical endpoints:
Physical activity

Hospital KPIs
Health parameters

Application:
Patient satisfaction
Patients’ interaction

Patient percep-
tion/Feedback

Collection of
hospital KPIs

data
Medical

measurements
Usage logs

Standardized
questionnaires

Norway
[20] Home-based

mHealth system
devices: mobile

phone,
web-based
platform

RCT
Sample: n = 69

Duration: 3 months
Retention rate: 28%

Loss to
follow-up: 50

Comparison of
usual care
Usability

Self-efficacy
Adherence

Clinical endpoints:
Physical activity

Psychological
well-being

Application:
Patients’ interaction

Patient percep-
tion/Feedback

Standardized
questionnaires

Usage logs

Australia
[43]

Home-based
and cardiac
rehabilita-

tion

mHealth system
devices: app,

blood pressure
monitor, weight
scale, web-based

platform

RCT
Sample: n = 66

Duration: 6 months
Retention rate: 77%

Loss to
follow-up: 15

Medical outcome
Feasibility
Security

Clinical endpoints:
Physical activity

Health parameters
Psychological

well-being
Application:

Technology and
algorithm

Medical
measurement
Standardized

questionnaires

New
Zealand

[65]

Home-based
and cardiac
rehabilita-

tion

mHealth system
devices: mobile

phone,
web-based
platform,

pedometer

RCT
Sample: n = 123

Duration: 6 months
Retention rate: 94%
Loss to follow-up: 7

Comparison of
usual care

Medical outcome
Medication
adherence

Self-efficacy
Acceptancy

Clinical endpoints:
Physical activity

Psychological
well-being

Health parameters
Application:

Patient percep-
tion/feedback

Standardized
questionnaire

Open feedback
Guidance

following on the
mHealth

development
and evaluation

framework

Australia
[23] Home-based mHealth App

Mixed-methods
study

Sample: n = 58
Duration: 3 months
Retention rate: 26%

Loss to
follow-up: 43

Comparison of
usual care

Medication
adherence

Acceptability
Utilization

Engagement

Clinical endpoints:
Health parameters

Application:
Patient percep-
tion/feedback

Patients’ interaction

Standardized
questionnaire

Usage logs
Open feedback

Spain
[14]

Home-based
and cardiac
rehabilita-

tion

mHealth system
devices: mobile

phone,
web-based

platform, sphyg-
momanometer,

glucose, and
lipid meter

RCT
Sample: n = 203

Duration: 12
months

Retention rate: 90%
Loss to

follow-up: 21

Usefulness
Medical outcome

Quality of life

Clinical endpoints:
Health parameters

Psychological
well-being

Application:
Patient percep-
tion/feedback

Medical
measurement
Standardized

questionnaires

USA
[22] Home-based mHealth—text

messaging

Single-arm
prospective study

Sample: n = 15
Duration: one

month
Retention rate: 40%
Loss to follow-up: 9

Feasibility
Acceptability
Medication
adherence
Adherence

Engagement

Application:
Patient percep-
tion/feedback

Patient satisfaction
Patients’ interaction

Usage logs
Standardized

questionnaires
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Abstract: Telemedicine represents a major opportunity to facilitate continued assistance for patients
with chronic pain and improve their access to care. Preliminary data show that an improvement can
be expected of the monitoring, treatment adherence, assessment of treatment effect including the
emotional distress associated with pain. Moreover, this approach seems to be convenient and cost-
effective, and particularly suitable for personalized treatment. Nevertheless, several open issues must
be highlighted such as identification of assessment tools, implementation of monitoring instruments,
and ability to evaluate personal needs and expectations. Open questions exist, such as how to
evaluate the need for medical intervention and interventional procedures, and how to define when
a clinical examination is required for certain conditions. In this context, it is necessary to establish
dynamic protocols that provide the right balance between face-to-face visits and telemedicine. Useful
tips are provided to start an efficient experience. More data are needed to develop precise operating
procedures. In the meantime, the first experiences from such settings can pave the way to initiate
effective care pathways in chronic pain.
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1. Introduction

Telemedicine has been defined as the use of electronic technologies for communication
and information of patients, to provide the public with remote healthcare services [1].
Although it has existed for more than two decades, its implementation has been limited for
many years, until the emergency during the COVID-19 pandemic. This catastrophic event
has promoted attempts to provide chronic patients with adequate care despite restrictions
to in-presence activities [2]. The definition of adequate care pathways for chronic pain will
need long clinical trials as the condition is complex and many different cases must be faced.
As an example, patients with chronic post-surgical pain who have a certain diagnosis, a
complex condition, and need careful and prolonged follow-up, and can benefit from the
assistance through remote services. Recent experiences have suggested that telemedicine
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can improve access to care, facilitate continuity of care, allow better resource efficiency,
and lower costs, compared with traditional in-person hospital or ambulatory visits [1,3,4].
Improved access to care is expected to enhance timely adjustment of therapy, and improved
adherence, which could reduce the progression toward reduced functionality of patients
with chronic pain [5]. Appropriate uses of telemedicine for patients with chronic pain have
recently been described. It has opened a promising field of activity, although a business
case analysis would be needed in each prospective application [2,6].

On these premises, best practice approaches for telemedicine programs in chronic
pain need to be suggested, to enable clinicians to provide and patients to benefit from
remote assistance.

This article is based on the direct experience of a group of clinicians and attempts to
provide a framework to prepare physicians, patients with chronic pain, and caregivers to
use telemedicine with satisfactory results.

2. The Complexity of the Patient with Chronic Pain

According to the International Association for the Study of Pain (IASP), chronic
pain is commonly defined as persistent or recurrent pain lasting more than 3 months or
beyond normal tissue healing [7]. It has been recognized as a real disease associated
with multiple adaptations in the nervous, endocrine, and immune systems [8]. Conse-
quently, chronic pain is a complex multidimensional experience severely compromising
the patient’s health-related quality of life (HRQoL), often limiting the ability to work,
sleep, and affecting social interactions with friends and family [2,9]. Reduced function-
ality, emotional imbalances, and social isolation are frequently associated complaints
and may exacerbate each other in a vicious circle that compromises the HRQoL and
induces a progression toward disability [10,11]. Furthermore, chronic pain is often
associated with multimorbidity. In particular, many patients with chronic pain have
other comorbidities, such as depression, cardiovascular and pulmonary diseases, di-
abetes mellitus, and cancer [12,13]. Notably, proper pain control may be extremely
challenging in multi-morbid patients as comorbidities and their treatments can increase
the risk of side effects of analgesics and thus limit the applicability of disease-specific
clinical guidelines [14]. On the other hand, chronic pain is an independent risk factor
for mortality in people with other co-morbidities [15]. Moreover, patients with chronic
pain require multidisciplinary, continuous, and skilled management, which may chal-
lenge healthcare system organizations. Difficulties with the traditional models of care,
with in-person patient visits to their physicians inherently leading to delayed care,
have further cumulated during the COVID-19 pandemic and the need to structure new
care pathways to ensure appropriate treatment of chronic pain patients, became even
more prominent.

The first and necessary steps for the management of chronic pain are diagnosis and
assessment of all pain dimensions. Given the 11th International Classification of Diseases
(ICD-11) introduction, chronic pain will be classified into primary and secondary pain.
Chronic primary pain can be conceived as a disease. This is a definition, which applies
to chronic pain syndromes that are best conceived as health conditions in their own
right [7]. Chronic secondary pain syndromes are linked to other diseases as the underlying
cause, for which pain may initially be regarded as a symptom. Secondary pain includes
cancer-related, post-traumatic and postsurgical, neuropathic, visceral, musculoskeletal,
and headache/orofacial pain [7]. In many cases, the secondary chronic pain may continue
beyond the successful treatment of the initial cause; in such cases, the pain diagnosis will
remain, even after the diagnosis of the underlying disease is no longer relevant. This
distinction is particularly important because it conditions the clinical, diagnostic, and
therapeutic approaches. For example, in the cancer patient, close monitoring with close
controls is mandatory when opioids are used. Moreover, in primary chronic pain (e.g.,
fibromyalgia) a combined approach with the collaboration of different professional figures
may be necessary.
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3. Approaches of Telemedicine for Patients with Chronic Pain

Telemedicine has been defined as the use of electronic technologies for communication
and information to provide the public with healthcare services at a distance. More recently,
the American Medical Association defined “telehealth” as a general group of modalities
allowing: (1) real-time audio and visual connections between patients and physicians in
different locations; (2) image and data collection storage and sharing for later interpretation;
(3) remote patient monitoring tools, including mobile health (mHealth) tools, wearables,
and devices; and (4) virtual check-ins through voice-only patient portals, messaging tech-
nologies [16]. The Italian Ministry of Health produced guidelines for telemedicine and
defined the televisit as “a health act in which the doctor interacts remotely with the patient”.
The definition specifies that “the health act of diagnosis that arises from the visit may give
rise to the prescription of drugs or treatments” [17].

Thus, the terms “telemedicine” and “telehealth” are commonly used interchangeably
and encompassed in the set of tools called “telecare” [18]. Telecare includes several possible
modalities and activities, such as archiving and sharing medical images or biosignals (e.g.,
in the fields of radiology, or dermatology), telemonitoring, and real-time interactive services.
The latter modalities include a variety of services, such as telenursing, telepharmacy,
telerehabilitation, emergency counseling, and mostly online consultation via remote visits
and/or multi-professional teleconsulting.

4. Online Consultation Pathway

A remote system is a great opportunity to improve access to care and continuing
assistance, which may help to personalize treatments and to increase adherence. To fulfil
these objectives, it is necessary to structure a defined pathway. It is divided into a series
of technical processes (information technology infrastructure) and operational phases
(preparation, execution, scheduling of controls) (Figure 1).

Figure 1. Telemedicine pathway for addressing chronic pain.

The information technology infrastructure must allow all organizational phases (reser-
vations, contacts, links for connection, and data collection) and guarantee data security.
Operation includes a first visit usually performed in person. This face-to-face assessment is
followed by the preparation for telemedicine (legal and regulatory issues, patient infor-
mation, technical issues). Later, telemedicine is performed, and scheduled controls are
programmed. New in-person visits can be required (e.g., to carry out minimally invasive
procedures). IT, information technology.

4.1. IT Infrastructure Functioning

The COVID-19 pandemic and the need to provide alternative ways for the in-person
visit has led to the creation of a wide range of information technology (IT) infrastructures.
On the market, there are systems which have different complexities (and costs). In general
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terms, the platforms consist of an operating system for the management of the whole
service, devices (e.g., laptops), and an integrated software system (software modules) for
sending documents, reports, and imaging. In brief, the IT infrastructure must allow all
organizational phases (reservations, contacts, links for connection, and data collection) and
guarantee data security and privacy.

4.2. Operational Phase: First Face-to-Face Visit

Since programs of telemedicine should be based on good interpersonal relationships,
a first visit should usually be performed in-person to:

• Establish a relationship with the patient, which is necessary for long-term reliance.
• Obtain a diagnosis of chronic pain.
• Assess and measure pain and HRQoL.
• Enable the physician to perform assessment maneuvers.
• Prepare the telemedicine visit.

An in-person contact provides the necessary and reciprocal confidence for further re-
mote relationships. Indeed, patients must be evaluated for their ability to use telemedicine
before a program is established. Most of the information infrastructures available for
telemedicine require that patients and/or caregivers simply need to have an email address
and a smartphone, iPad/tablet, or a personal computer with a camera and speakers. Based
on the in-person visit, a remote follow-up and monitoring schedule can be prepared.

4.3. Operational Phase: Remote Follow-Up

For remote follow-up it is important to collect the right parameters that can be obtained
remotely. All the different aspects of chronic pain must be monitored; pain intensity,
therapeutic adherence, sleep quality, movement functionality, emotionality, and working
abilities. Patients and caregivers need training in order enable them to focus on the relevant
topics during the telemedicine visit; the physician will guide the visit and choose the
relevant area to be investigated in the situation.

4.3.1. Clinical Assessment

The remote evaluation involves the study of the patient’s medical record (imaging,
laboratory tests, other documents) and the clinical–diagnostic phase. A comprehensive
pain assessment is a crucial step in the management of a patient with pain. As already
stated, chronic pain is a multidimensional experience resulting in impaired functioning in
daily life and reduced quality of life and well-being of the patient, as it can be observed for
chronic low back pain (cLBP) [19]. We suggest that physicians could assess pain severity
mainly using the parameters of pain intensity, pain-related distress, and functioning.

Generally, assessment tools for telemedicine should be validated, and suitable;
moreover, the same tools should always be used. In addition, other instruments can
be used, for the objective evaluation of distress and functionality through web-based
use. Based on the authors’ experience, a combination of unidimensional and multidi-
mensional tools can be adopted. The numerical rating scale (NRS) may easily be used
by patients to assess pain intensity. The Brief Pain Inventory (BPI) is a validated, sim-
ple, and self-completed questionnaire (visual administration) that evaluates not only
pain intensity, but also functionality, and provides long-term monitoring in patients
with progressive conditions. The tool is reliable and valid for many clinical situations
(e.g., cancer pain, and non-cancer pain conditions) and across cultures and languages.
Functionality can be assessed by an ecological matrix scale [20–22], which considers
the outer environment and the personality structure of the patient, the motives, the
personal expectations, and needs, and helps the patient and the physician to identify
treatment objectives that may be satisfactory for the patient.

In the setting of chronic low back pain, the Oswestry Disability Index and the Roland-
Morris disability questionnaire may be useful for the functional evaluation of low back
pain [22,23].
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Other indices are available, such as the Low Back Pain Rating Scale (LBPRS), as an
example, the Progressive Isoinertial Lifting Evaluation (PILE), and the Quebec Back Pain
Disability Scale (QBPDS) [24]. In this respect, clinicians should also evaluate the capability
of their patients to perform daily activities, the patient’s emotional status, and their strength.
Up to now, different proper instruments are available to evaluate HR-QoL, such as the
EQ-5D from the EuroQol Research Foundation, and the short form (SF-12 scale) of the
36-item Health Survey instrument are available [25,26].

In addition to the evaluation through tools, all the anamnestic elements must be
collected. Even if at a distance, the clinician will have to investigate the clinical elements of
the painful symptomatology: location, intensity, triggering factors, therapies carried out,
and comorbidities. Peculiar aspects, such as breakthrough cancer pain, drug effects, and
clinical conditions, which may affect the use of particular categories of drugs (e.g., organ
damage), must be evaluated.

Finally, the recommendations issued by the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT) can also be used. A common tool
would be used to evaluate the validity of telemedicine models. Notably, six core outcome
domains were recommended by IMMPACT including pain, physical functioning, emo-
tional functioning, participant ratings of global improvement, symptoms and adverse
events, and patient disposition (adherence to the treatment regimen, reasons for with-
drawal from treatment) [27]. A systematic review showed that eHealth and mHealth
interventions had significant effects on multiple short- and intermediate-term outcome
measures recommended in the IMMPACT guidelines [28].

4.3.2. Outcomes, Therapy, and Re-Evaluation

The televisit can give rise to different outcomes; it is possible to achieve clinical
stability within the already known diagnostic framework. It can bring out the need for
urgent access to diagnostic or therapeutic services, which require the patient to have a
face-to-face consultation with the pain specialist. The third scenario includes the need
for further examination to have a diagnosis, which the specialist will manage with the
prescription of the necessary services.

During the televisit, the previous therapy can be either confirmed or changed; in
this case, the specialist prescribes the drugs and sends the prescription to the patient as
agreed with him and his caregiver. Although the primary objective of treatment should be
control of pain intensity, functional recovery and general wellbeing are the overall aims
of the patient’s management. This means that pharmacological and non-pharmacological
treatments must be considered, and that tailored objectives are to be pursued according to
the expectations and needs of each patient [20–22].

If it is impossible to reach a diagnostic or therapeutic conclusion, the doctor will
propose the execution of a further check-up in the times and the ways appropriate to the
clinical situation, and the follow-up pathway will be planned. In some cases, possible
adverse events may be mentioned by the physician, asking the patients whether any of
them occurred in the last period; this may prove a simple and effective method to detect
tolerability issues. Under certain circumstances, such as drug side effects, need for a
physical examination or interventional procedures, an in-person visit may be necessary.

The remote visits should be tightly planned to ensure that monitoring can be
performed adequately, and therapy can be adjusted. The data collected and outcome of
the televisit will need to be recorded as a routine medical visit and filed according to
local customs.

5. Open Issues and Suggestions

When developing a telemedicine plan for the care of patients with chronic pain, a
number of challenges need to be considered. These include the risk of adverse effects of
drugs prescribed in a remote visit, the correct management of patients with advanced age,
cognitive impairment, emotional frailty, and the need to alternate remote and in-person
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visits. To address these challenges, some suggestions may be useful. Table 1 presents the
recommended steps for the implementation of a telemedicine service for patients with
chronic pain.

Table 1. Some recommended actions for the management of a telemedicine system.

Steps Recommended Actions What Is Needed

Preparation of a telemedicine
system

Legal and regulatory issues

Acquire information about:

• Local rules for requirements
• Data protection
• Remote informed consent
• Clinical report and prescription release

Technical equipment
An efficient connection to the internet
A digital device with a webcam
Web-based platform

Medical skills

Identify the phases of the visit
Identify the parameters suitable for remote
assessments of pain intensity, personal requirements,
functionality, sleep quality, adverse events, treatment
adherence
Identify diagnostic maneuvers that can be performed
by caregivers in your place

Initiation of a telemedicine
program

Prepare the patient

An in-person visit is usually necessary before any
telemedicine program, to:

• Diagnose the condition
• Assess pain
• Explain the program
• Establish a relationship

Schedule the visits beforehand
Both the clinician and the patient need to know how
much time is dedicated to the visits, to have the
opportunity to continue the program long-term

Monitoring

Provide the patient with tools and
instructions
Schedule the assessment frequency
Provide instructions for emergencies

Dedicated digital platforms with assessment scales

Visits

Have a schedule and confirm each
date
Be aware that it may be necessary to
alternate remote and in-person visits

• Be punctual
• Let the patient speak first
• Control times
• Release a report

Note: BPI, brief pain inventory.

Prerequisites for remote care systems include correct and exhaustive information
about legal issues and regulation, availability of suitable technical equipment, and specific
medical skills for the remote management of patients with chronic pain so that a correct
assessment is performed despite the lack of a physical inspection. Specifically, all local
requirements for healthcare must be fulfilled by remote systems, as well as by traditional in-
presence organizations, and some technical solutions must be found to this aim. Therefore,
first of all, knowledge of regulation is needed so that medico-legal problems are detected
and addressed, and then rules must be adapted to remote systems [29]. The main legal
issues to be faced are related to data protection, privacy, and delivery of reports and
prescriptions. Several online platforms are available, which respect such requirements.

A basic suitable technical equipment for the physician and the patient includes an
efficient connection to the internet, a digital device (usually a PC) with a webcam, and
a customized web-based platform. In addition, to set up a telemedicine system, a large
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proportion of the target population needs to have sufficient skills to use the proposed
web-based platform.

This means that very simple digital tools are to be preferred. Common social media
are often used, to facilitate patients and caregivers, but they would not fulfill privacy
and data protection requirements. The current reference guidelines for telemedicine are
obsolete [30]; some of those, for example, date back to the 1980s and were not followed
by later recommendations [31–34]. Privacy regulations, technological opportunities, and
problems related to the pandemic are open issues that must be urgently addressed. The
use of validated and protected platforms available through public or private healthcare
providers could help respond to these issues.

As an example, the Regional Health Service in Tuscany, Italy, made a digital platform
for televisits available to all specialists, in June 2020. The online visit requires a PC (with
Windows 7 or IOS 11, or later versions), or smartphone or tablet (with Android 5.0 or later
version), or iPhone or iPad (with IOS 11 or later version). The platform was mainly used
by diabetologists, rheumatologists, and cardiologists, and registered up to 5000 visits in
the first month of activity. This platform is extremely user friendly, is linked to the online
clinical records, and with the regional health booking service; digital prescriptions are
delivered by a preexisting system, while a final report of each visit is provided on the
platform, according to specific rules set by the regional healthcare system.

The last suggestion on this point is that patients and/or caregivers must be exhaus-
tively trained to be able to use the telemedicine system.

In summary, before the initiation of the telemedicine program, the medical activities
must be carefully planned and scheduled. Online performances will be very fast, and
waiting times are very limited online; so, everything must be ready beforehand. In addition,
it is important to identify the parameters deemed suitable for remote visits on one end and
for telemonitoring on the other one. The patient and/or the caregiver must be selected
and, if accepted, prepared. Selection will be based both on medical (as an example,
chronic, stable conditions are more suitable than lately diagnosed, progressing patients)
and cognitive qualities, and personal features. The patient/caregiver must accept the
program and feel it as an opportunity for improved management, continuing assistance,
and access to care. If a caregiver is necessary, the same person should be present at all
remote visits, and the same person should oversee assessments for monitoring. If the
patient is a child, special precautions should be used for an effective protection of her/his
rights. A relationship between the patient and/or caregiver and the pain specialist should
already exist, with a good therapeutic alliance. A first in-person visit will usually be
performed to obtain a diagnosis, to prepare the patient, and state a reciprocal reliance.
This phase is followed by telemonitoring and scheduled remote control visits. A strict and
punctually respected schedule of the program will facilitate its long-term continuation.

Special attention is necessary for the organization of the clinical assessment. Firstly,
suitable tools must be identified. As previously mentioned, simple tools are to be offered;
NRS, BPI, self-evaluation numerical scales, and ecologic matrix scales may be used. The as-
sessment frequency must be stated in advance and explained to the patient. A telemedicine
system for chronic pain will improve continued assistance but does not usually provide an
emergency service. Patients must be informed of the aim of the system and should know
what to do in case of adverse events or serious pain episodes. If around-the-clock assistance
is necessary according to the patient’s conditions, a phone triage should be available to
deliver primary information and refer the patient to the correct health operator. Finally, a
telemonitoring program will be efficient if the patient and/or caregiver are empowered; so,
great care is due to instruction, and information about the disease and the treatment.

During the online evaluation, the physician will not be able to perform physical
maneuvers which are commonly used for in-presence assessment, but some simple ones
may be proposed to the caregiver. Each visit will be mainly based on the evaluation of
the report by the patient and the revision of data collected during the telemonitoring.
The physician should develop his/her listening ability as much as possible, and empathy.
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Punctuality, respect of visit duration, and the ability to listen to the patient and/or caregiver
are very important. After each visit a medical report must be delivered; predisposed forms
can be designed, and an identical delivery system, such as email, should be routinely used.
As an example, patients with musculoskeletal chronic pain are very likely to benefit from
an assiduous follow-up performed with a multidimensional assessment made possible and
affordable by the introduction of telemedicine [35–37].

6. Limitations

We acknowledge that several problems limit the possibility of achieving our aim of
providing useful hints for the implementation of telemedicine for chronic pain. No evidence
is available on the efficacy of this model. Regulation is widely different worldwide, and
this makes it impossible to address local issues. As an example, medical responsibility is
criminal and not only civil in Italy. In addition, certified online platforms are very different
from each other. All these discrepancies make it difficult to design the many care pathways
that are needed to address a complex condition such as chronic pain.

7. Conclusions

Telemedicine seems to be promising for the efficient management of patients with
chronic pain. This approach can deliver tailored pain management, providing improved
access to health services and creating and maintaining a therapeutic alliance in the long
term. Nevertheless, the effects of therapies provided via telemedicine on pain and pain-
related conditions, such as disability, depression, and anxiety, are promising but not well
documented yet. Furthermore, when approaching remote assistance for chronic pain,
several issues are to be faced such as accurate diagnosis, assessment, monitoring and need
to change treatment. Consequently, the implementation of new web-based systems for the
management of chronic pain needs further evaluation and well-structured pathways must
be necessarily built. Finally, as privacy regulation is incomplete worldwide, clinicians are
bound to be extremely cautious about respecting the patient’s rights.
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Abstract: Background: Adults living with Chronic Obstructive Pulmonary Disease (COPD) often
have difficulties when trying to access health care services. Interactive communication technologies
are a valuable tool to enable patients to access supportive interventions to cope with their disease. The
aim of this revision and meta-analysis is to analyze the content and efficacy of web-based supportive
interventions in quality of life in COPD. Methods: Medline (via PubMed), Web of Science, and
Scopus were the databases used to select the studies for this systematic review. A screening, analysis,
and assessment of the methodological quality was carried out by two independent researchers. A
meta-analysis of the extracted data was performed. Results: A total of 9 of the 3089 studies reviewed
met the inclusion criteria. Most repeated web content elements were educational and involved
communication with healthcare professional content. Finally, seven of the nine studies were included
in a quantitative analysis. Web-based supportive interventions significantly improved quality of
life when added to usual care (SMD = −1.26, 95% CI = −1.65, −0.86; p < 0.001) but no significant
differences were found when compared with an autonomous pedometer walking intervention
(p = 0.64) or a face-to-face treatment (p = 0.82). Conclusion: This systematic review and meta-analysis
suggests that web-based supportive interventions may complement or accompany treatments in
COPD patients due to the advantages of online interventions. The results obtained should be treated
with caution due to the limited number of studies in this area and methodological weaknesses.

Keywords: communication; COPD patients; educational content; supportive interventions; web-based

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a non-reversible inflammatory
disease that causes progressive obstruction of the airways. According to the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) 2020 report, COPD is the leading
lung disease in terms of mortality and morbidity worldwide [1,2]. Due to the increase
in smoking and the progressive ageing of the population, the prevalence of COPD will
increase in the coming years [3].

As the disease progresses, the symptoms become increasingly severe and complex.
Often, the combination of psychological, emotional, and social factors with physical symp-
toms makes it difficult for patients and professionals to deal with the disease [4]. As a
result, COPD patients experience significant impairment of disease-related quality of life as
well as social isolation [5] that generates a significant burden of disability [6] and demands
continuous health care [7].

Unfortunately, COPD patients face significant barriers when seeking access to appro-
priate health services to manage the disease, including living in medically underserved
regions [8], language barriers [9], reduced mobility due to the disease itself, or other co-
morbidities, such as ageing and limited time [10]. In addition, due to the respiratory status
of these patients and the potentially serious medical consequences for them, the risk of
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COVID-19 infection should be minimized [11,12]. Despite all these obstacles, there are not
many interventions to support COPD patients in dealing with their disease [8].

Technological development is a great opportunity to generate new tools to support
COPD patients [8,13]. Those technologies have enabled existing therapies to be delivered
online and allow for the development of new interventions tailored to patients’ needs [14].
New technologies are increasingly being investigated with the aim of developing interven-
tions that can adequately complement or replace interventions already provided in health
services [15–17].

Rapid advances towards a more digitalized society as well as the rapid development of
today’s electronic devices have caused a significant rise in the availability of communication
technologies applied to health services [18,19]. The different online health communication
tools allow patients to access personalized content, disease self-management tools, and
communication with healthcare professionals from the comfort and security of their own
home [20–22].

The most recent systematic reviews and meta-analyses [23–33] on telehealth care ana-
lyze teleassessment, telephone assistance, mobile app development, and website assistance
in depth, but they need to be analyzed separately [8].

Previous studies show chronic disease patients’ need for personalized web-based
interventions [34,35]. COPD patients demand access to information about their health
status, related to the disease itself and to the improvement of quality of life [8]. Different
mechanisms related to a perception of health-related needs, such as health education,
self-management [36], and family and social support, have a significant influence on the
quality of life of patients using web-based interventions [12,21,27,37–39].

Web-based interventions can encompass several distinct, often overlapping interven-
tions, including: (1) tele-education content; (2) symptom and mood telemonitoring; (3)
physical activity monitoring and personalized feedback to the patient; (4) tele-education
in self-management skills; (5) tele-consultation with healthcare professionals; (6) tele-
communication with other patients; (7) remote decision support systems; (8) tele-diagnosis;
and (9) tele-rehabilitation [27,40,41].

The advantages offered by web-based interventions such as easy and on-demand
access to health information content, interactive support with other patients, and tools for
symptom self-management may have the potential to influence the different variables and
symptoms of a COPD patient. There is a need to investigate whether these web-based
interventions have an impact on the quality of life of COPD patients and determine which
are the most appropriate contents. The aim of this revision and meta-analysis is to analyze
the content and efficacy of web-based supportive interventions in quality of life in COPD.

2. Materials and Methods

2.1. Search Strategy and Eligibility Criteria

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement guidelines [42] and its registra-
tion number in the International Prospective Register of Systematic Review (PROSPERO) is
CRD42020211978. The Cochrane Collaboration guidelines for reviewing interventions were
also closely followed [43]. Three databases were used for the electronic search: Medline
(via Pubmed), Web of Science, and Scopus. The screening and analysis of the studies was
conducted between November 2020 and March 2021. Relevant publications from incep-
tion to 1 March 2021 were included. A search strategy was created for Medline and then
modified to be specific to each of the databases. The following Medical Subject Headings
(MeSH) terms were used (Appendix A).

To adequately define the research question, the impact of patient, intervention, com-
parison, outcome (PICOS) strategy [44] was applied.

(P) Population: COPD patients over 18 years of age.
(I) Interventions: Studies that used web-based supportive interventions.
(C) Comparison: Non-web-based interventions.
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(O) Outcome: Any outcome reporting quality of life (e.g., St. George Respiratory
Questionnaire, Chronic Respiratory Disease Questionnaire).

(T) Timing: At any time.
(S) Setting: No restriction of setting.
Only full-text randomized controlled trials written in English, Spanish, and French

were included in the systematic review. Systematic reviews and meta-analyses, observa-
tional studies, clinical practice guidelines, letters, abstracts, editorials, conference papers,
theses, and dissertations were excluded. Studies in other languages were also considered
for inclusion when translation was possible.

2.2. Study Selection and Data Extraction

After all studies had been retrieved from the three databases, duplicates were re-
moved. To determine if the articles met the inclusion criteria for this systematic review,
two independent investigators performed a first assessment of the title and abstract of all
studies. If the article met the inclusion criteria, it was selected for a second phase in which
the full text was analyzed and reviewed.

The Cochrane guidelines for systematic reviews were followed for data extraction [43].
A third reviewer was responsible for resolving any disagreement between the two main
reviewers. The information extracted from the articles was: year of publication, main
author, sample size, sample age, treatment status, severity of COPD, specific intervention
for the control and experimental groups, web content elements, intervention duration,
outcome measures, and main results. If the reviewers did not find any data during the
analysis and review of the articles, they contacted the authors of the studies.

2.3. Assessment of Methodological Quality and Risk of Bias

The Downs and Black quality checklist was used to assess the methodological quality
of the studies included in the review [45]. This assessment was carried out independently
by the two principal investigators. This method contains 27 items divided into 5 subscales
(study quality, external validity, study bias, confounding and selection bias, and study
power). Due to its high reliability and validity, this scale is considered one of the six
most appropriate scales to measure the quality of the studies included in a systematic
review [46]. Studies are classified into four categories according to the score obtained: it
will be classified as poor if its score is less than or equal to 14, fair if the score is between 15
and 19, good if the score is between 20 and 25, and excellent if the score is between 26 and
28 [46,47].

In addition to the methodological quality of the articles, the risk of bias was assessed
using the Cochrane Risk of Bias Tool for Randomized Controlled Trials [43]. This mea-
surement tool is divided into seven items that are subdivided into six subscales. The first
subscale corresponds to the selection bias and is the only one with two items. The remain-
ing subscales are called performance bias, detection bias, attrition bias, reporting bias, and
other bias, and have only one item. When the reviewer determines that there is a low risk
of bias for each of the items, the study is classified as high quality. When the reviewer
determines that one of the items is not met because there is a high risk of bias or two of the
items cannot be answered clearly, the study is classified as fair quality. When the reviewer
determines that one of the items is not met because there is a high risk of bias or two of the
items cannot be answered clearly and there are important limitations that may invalidate
the results, the study is classified as poor quality. The study is also classified as poor quality
when two or more items are not met.

2.4. Data Synthesis and Analysis

A meta-analysis was undertaken using Review Manager (RevMan v5.3; Cochrane
Collaboration, Oxford, UK). All variables included were continuous data. Study authors
were contacted by e-mail whenever data were insufficient for the purposes of meta-analysis
(e.g., neither means nor standard deviation were provided). Authors were given 2 weeks
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to respond. If they had not responded within a week, they were written to again as a
reminder. The embedded Review Manager calculator was used to calculate standard
deviations whenever p-values or 95% confidence intervals were given [48].

The main outcome considered for this meta-analysis was quality of life. Standardized
mean differences were used because all scales were assumed to measure the same underly-
ing symptom or condition, but some studies measured outcomes on different scales and
95% confidence intervals (CI) were calculated for all outcomes [49]. Subgroup analysis was
also used in this study to help clarify the different uses of web-based interventions.

When the studies presented different scales to measure quality of life, we selected
the data provided by the Saint George Respiratory Questionnaire (SGRQ), since it is the
most frequently used, disease-specific quality of life measure in this population group [50].
When studies did not use the SGRQ, scores from other disease-specific quality of life scales,
such as the Chronic Respiratory Disease Questionnaire (CRQ), were used [50–52]. The
scoring of the different scales was converted so that a lower score always indicated a
better outcome.

The Q and I2 statistics were calculated to examine statistical heterogeneity, and a
visual inspection of the forest plots was also performed to identify outlier studies. The I2

is a statistical value that is interpreted as the percentage of the total variation observed
between studies that is due to the difference between them and not to sampling error
(chance). An I2 of ≥50%; I2 >25% and < 50%; I2 of ≤25% were considered to indicate high,
moderate, and low heterogeneity, respectively. When the I2 value is greater than 50%, the
meta-analysis is considered heterogeneous and, therefore, a random effects analysis had to
be used. Statistical significance was established as p < 0.05, which means that the effects
differ significantly between the control and intervention groups. We also explored sources
of heterogeneity and performed a sensitivity analysis excluding trials with high risk of
attrition or detection bias [48].

3. Results

3.1. Study Selection

An initial search of the databases found 3089 records. After eliminating duplicates, a
total of 1319 studies were selected. In the end, an overall total of 9 studies that analyzed
a total of 1168 participants were included in this systematic review. The PRISMA flow
diagram for the study selection process is shown in Figure 1.

3.2. Study Characteristics

Table 1 shows the main characteristics of the studies included in the systematic review.
The included studies were published between 2013 and 2020, and assessed participants
were aged between 66.1 [53] and 71.9 years [54]. All the studies except the study of
Wang et al. (47.5%) [54] had a higher proportion of males than females in the study
sample. Regarding COPD severity, five studies [55–59] included mild to very severe
patients and four studies [53,54,60,61] included moderate to very severe patients. All
studies included clinically stable patients, with the exception of Wang et al. [54] and
Jiménez-Reguera et al. [61], which included patients after discharge.

The web-based supportive interventions of each study were covered in Table 2 by
the content of the comparison group approach, the content of the experimental inter-
ventions, the intervention duration, the outcome measures, and main results. Table 2
also includes nine web content elements that were identified as important to the techni-
cal characteristics of internet-supported therapeutic interventions [27,62] as well as for
evidence-based web interventions: 1, tele-education content; 2, symptom and mood tele-
monitoring; 3, physical activity monitoring and personalized feedback to the patient;
4, tele-education in self-management skills; 5, tele-consultation with healthcare profes-
sionals; 6, tele-communication with other patients; 7, remote decision support systems;
8, tele-diagnosis and 9, tele-rehabilitation [63,64].
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Figure 1. PRISMA flow chart of the literature screening process and results.

One study compared the usual care with a comparator group who received the
usual care in addition to the web-based supportive program based on tele-education and
tele-consultation with healthcare professionals [54]. Four studies compared a web-based
supportive pedometer walking intervention based on physical activity monitoring, person-
alized feedback to the patient, and tele-education, with a pedometer walking intervention
without web support [56–59].

Four studies attempted to demonstrate the non-inferiority of the web-based interven-
tion when compared to a face-to-face program. For this purpose, the same intervention
was carried out in both face-to-face and online modalities. Two studies were based on a
telerehabilitation program [53,60], another in a self-management program [55], and the last
one was based on tele-education and symptom and mood telemonitoring [61].

Most repeated web content elements were tele-education content, self-management
skills training, and tele-consultation with healthcare professionals. Only one study [57] ex-
cluded educational content. Education in self-management skills and tele-communication
with healthcare professionals were excluded by Jiménez-Reguera et al. [61]. in three of the
studies [53,55,60].
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Table 1. Characteristics of the included studies.

Study (Year)
Sample Size, Distribution and

Sample Age
n (% Men): (Mean ± SD)

Treatment Status Severity
Downs and Black

(Risk of Bias)

Nguyen et al.
(2013) [55]

125 (54%) allocated randomly into:
EG: 68.5 ± 11.0
CG1: 68.2 ± 9.9
CG2: 69.3 ± 8.0

Clinically stable Mild to very severe 22 (Poor quality)

Moy et al. (2015)
[56]

238 (93.7%) allocated randomly into:
EG: 67.0 ± 8.6
CG: 66.4 ± 9.2

Clinically stable Mild to very severe 22 (Poor quality)

Moy et al. (2016)
[57]

238 (93.7%) allocated randomly into:
EG: 67.0 ± 8.6
CG: 66.4 ± 9.2

Clinically stable Mild to very severe 23 (Poor quality)

Wang et al. (2017)
[54]

120 (47.5%) allocated randomly into:
EG: 69.3 ± 7.8
CG: 71.9 ± 8.1

After discharge Moderate to very severe 20 (Fair quality)

Wan et al. (2017)
[58]

109 (98,2%) allocated randomly into:
EG: 68.4 ± 8.7
CG: 68.8 ± 7.9

Clinically stable Mild to very severe 23 (Fair quality)

Bourne et al.
(2017) [60]

90 (65.56%) allocated randomly into:
EG: 69.1 ± 7.9
CG: 71.4 ± 8.6

Clinically stable Moderate to very severe 22 (Fair quality)

Chaplin et al.
(2017) [53]

103 (68.93%) allocated randomly into:
EG: 66.4 ± 10.1
CG: 66.1 ± 8.1

Clinically stable Moderate to very severe 22 (Fair quality)

Wan et al. (2020)
[59]

109 (98.17%) allocated randomly into:
EG: 68.4 ± 8.7
CG: 68.7 ± 7.9

Clinically stable Mild to very severe 23 (Fair quality)

Jiménez-
Reguera et al.

(2020) [61]

36 (61.11%) allocated randomly into:
EG: 68.1 ± 6.6
CG: 68.1 ± 7.0

After discharge Moderate to very severe 18 (Poor quality)

Notes: EG: experimental group; CG: control group; SD: standard deviation.

In each study, the mean duration of intervention was 7.9 months (ranging from 6 weeks
to 15 months). Most of the studies conducted an intervention over one year [54,55,57,59].
One study conducted an intervention of 10 months [61] and 4 studies conducted an
intervention of less than 4 months [53,56,58,60].

The included studies evaluated quality of life using different tools. Disease-specific
tools, e.g., the St. George’s Respiratory Questionnaire (SGRQ), Chronic Respiratory Ques-
tionnaire (CRQ), Chronic Obstructive Pulmonary Disease Assessment Test (CAT) and
general tools, e.g., the Short Form 36-Item Health Survey (SF-36) and EuroQol 5-Dimension
Questionnaire (EQ- 5D) were used. The most commonly reported outcome was SGRQ,
which was followed by CRQ and CAT.

Other variables used in several studies were: self-efficacy, functional capacity, dyspnea,
physical activity, lung function, anxiety, and depression. Self-efficacy was measured in
four studies, with the most used tool being the Exercise Self-Regulatory Efficacy Scale (Ex-
SRES). Functional capacity was the second most frequently measured variable after quality
of life. Five studies measured functional capacity with the 6MWT being the most used
tool [54,55,58,60,61]. Four studies measured dyspnea and physical activity [54,55,58,60],
three studies measured anxiety and depression [53,58,60] and two studies measured lung
function [54,61].

The results obtained in the majority of included RCTs show no significant differences
between groups in quality of life. Only one study reaches significant results in quality of
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life when compared to control intervention [54]. This result can be due to the duration of
the program (12 months) and the content related to coaching. Furthermore, the majority
of included studies showed significant improvements among the group in quality of life
outcomes after intervention [53,55–57,61]. In addition, some studies aimed to demonstrate
that web-based intervention was not inferior to face-to-face intervention and found similar
results in quality of life for the intervention and control groups [53,55,60,61].

Regarding the results of other outcomes, most of the included studies in this sys-
tematic review have significant results in a functional capacity. Four studies [54,56–58]
were significant between group results in favor of the web-based intervention group and
three studies were significant among group improvements in a functional capacity after
intervention for the web-based group [53,55,61]. Studies intended to demonstrate the
non-inferiority of web-based support intervention found similar functional capacity results
for the intervention and control groups.

Nguyen et al. [55] showed a significant improvement in dyspnea compared with the
baseline in the experimental group and Wang et al. [54] showed a significance between the
group’s difference in dyspnea and lung function in favor of the experimental group.

3.3. Risk of Bias

The Downs and Blacks scale scores are presented in Table 1. The average score of the
included studies in this systematic review was 21.6 points. In accordance with the suggested
cut-off points to grade studies according to methodological quality, one article was rated
as “fair” (15–19 points) [61] and eight were categorized as “good” (20–25 points) [53–60].
Figure 2 shows, in detail, the scoring of the studies on the different items of the Cochrane
Risk of Bias Tool for randomized trials.

3.4. Results of Meta-Analysis

Data from seven RCTs reporting results obtained in quality of life were included in
the meta-analysis [54–58,60,61]. All the included studies use the SGRQ to measure quality
of life, except for the study conducted by Nguyen et al. [55] which used the CRQ.

All studies that did not provide sufficient data on quality of life (means and standard
deviations at baseline or after the intervention) and for which no response was received
from the authors were excluded. Ultimately, the analysis has been performed on a total of
873 patients (359 for control and 514 for intervention).

Figure 3 depicts the forest plot. Due to the statistical heterogeneity of the results
(I2 = 83%, p < 0.001), a statistical random effects model was applied. Patient quality of life
was not significantly improved in the intervention groups in comparison with controls
(SMD = −0.21, 95% CI = −0.56, 0.14).

When compared to usual care, the mean difference showed a significant overall ef-
fect with the addition of the web-based supportive program to usual care (SMD = −1.26,
95% CI = −1.65, −0.86; p < 0.001, one study [54]). When compared to a pedometer walking
intervention without web-support with a web-based supportive pedometer walking inter-
vention (SMD = −0.05, 95% CI = −0.28, 0.17; p = 0.64, three studies [56–58]) or a web-based
supportive intervention with a face-to-face intervention (SMD = −0.03; 95% CI= −0.33,
0.26; p = 0.82, three studies [55,60,61]), the pooled SMD showed no significant overall effect.
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Figure 2. Risk of bias assessment of included studies. Notes: red, high risk of bias; yellow, moderate risk of bias; green, low
risk of bias.
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4. Discussion

The continuous technological growth of today’s society, the increasing use of online
services, and patients’ need for new supportive solutions have facilitated the creation
of new web-based interventions that have not been properly tested yet. To the authors’
knowledge, this is the first systematic review and meta-analysis evaluating the effects of
web-based supportive interventions on quality of life in COPD patients.

Our results support the idea that web-based supportive interventions can improve the
quality of life in COPD patients. Nevertheless, it is important to note that the systematic
review of the literature related to the design of web-based supportive interventions must be
correctly interpreted, considering the different sample sizes of the studies, the differences
in length of therapy and follow up, and the differences in effect size of the included studies.

Our systematic review is the first one specifically exploring the effects of web-based
supportive interventions in quality of life in COPD patients, with nine RCTs [53–61]
included in the qualitative analysis. Our results are consistent with those of previous
systematic reviews performed in COPD patients and other telehealth systems [23,34,65–68].

Internet-based interventions can, however, present a rather confusing picture as the
only common ground is the delivery medium. The interventions may range from posting
pamphlets online to dynamic combinations of text-based information and communicative
features, such as forums, “ask an expert”, or multimedia tools, to individually computer
tailored content [69].

Regarding web components, Sobnath et al. [70] described the possible features that a
potential supporting tool for COPD patients should have in their systematic review. The
tools must be easily accessible both for patients and health professionals. In addition, they
should be adapted to elderly patients with limited experience in the use of technology
and have a user-friendly interface. According to previous literature, the tool should
include a customized education section for each patient, with disease-specific information
and self-management material, phycological motivation to encourage good adherence,
electronic coaching, comment sections, and social networks to share information with
health professionals [70,71].

Among the web-based supportive interventions analyzed, the educational content
was the most used alone or in combination with other contents, and the most frequent
comparison treatment was the same in a face-to-face format. When compared, web-based
supportive interventions showed similar results in all measured variables.

The web-based support interventions analyzed in this systematic review used a vari-
ety of components of COPD patient support tools that were described by Sobnath et al. [70],
such as personalized education sections and social networks to share information with
medical professionals. Our results are in line with the previous systematic reviews con-
ducted in patients with cancer in which the most common and promising interventions
include a combination of effective communication with healthcare providers, customized
educational strategies based on the patient’s disease and condition, ongoing symptom
monitoring, disease self-management tools, and automated feedback [72,73].

It is difficult to determine exactly which web elements are most important in designing
an effective disease management tool, and to determine whether the effects are due to
one or some of the elements, or to all of them together. Effective communication with
healthcare providers is highly recommended content for web-based support intervention
since patients have different characteristics, preferences, and needs [62,74] as seen in the
Norwegian WebChoice study [75].

A Cochrane review identified that in improving the quality of life of COPD patients,
the effects of technology-based interventions attenuated over time. Support interventions
based on new technologies were found to be more effective in improving the quality of life
of COPD patients than interventions based on face-to-face education and support materials
even at six months, but not at one year. This is probably due to the fact that educational and
motivational content were not updated during the maintenance phase [67,76], highlighting
the importance of these elements.
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Our systematic revision of web-based interventions in COPD, have shown addi-
tional improvements in dyspnea and physical activity in programs which include self-
management components [54–56,58,59]. Different reviews [13,17,19,77] have reported the
opportunities for telehealth interventions in increasing physical activity and symptoms
when behavioral components are included.

Given the great heterogeneity and diversity of the studies included in this systematic
review, it might not be recommended to perform a meta-analysis. However, a random-
effects model was chosen to allow the pooling of more clinically heterogeneous studies [78].
Furthermore, to adequately answer the question discussed in this review, i.e., whether
web-based support interventions are effective in improving the quality of life of COPD
patients, and due to the great diversity of the studies published to date, it was necessary to
use a wide range of studies in which these types of interventions were used. It is therefore
required to adequately justify our findings.

The findings of our meta-analysis of pooled data do not identify statistically significant
differences in the quality of life of COPD patients. Even though the results of this meta-
analysis suggested that there is no evidence that web-based support interventions are
effective in increasing the quality of life of COPD patients, the results should be analyzed
by subgroups.

This meta-analysis supports the promising role and the feasibility of web-based sup-
portive interventions in COPD patients to improve quality of life when added to the
usual care, reaching the currently minimum significant established difference for SGRQ
results in a mean COPD sample population of −4 points [79], but not when compared
to an autonomous pedometer walking intervention or face-to-face treatment. These re-
sults are in line with the increasing evidence in literature on the success of telehealth
interventions [64–67].

Four included studies used wearable systems like the pedometer in the web-based
supportive programs [56–59]. Those programs showed similar results in quality of life
to those using autonomous interventions. Those results can be due to the theory of self-
regulation [80], in which the use of a pedometer (either web-based or autonomous) guides
the patient to their own feelings, thoughts, and behaviors to achieve specific goals. In addi-
tion, blinding patients from the web-based supportive pedometer walking interventions
would require giving a pedometer to the control group; this may cause the results of the
control group to be altered, since the simple fact of having control of their daily steps may
promote an increase in the physical activity of the patients.

Other studies have used web-based pulmonary rehabilitation programs compared
to the same program developed face-to-face. The results obtained by Bourne et al. [60]
show no significant differences between groups in quality of life. In the study by Jiménez-
Reguera et al. and Nguyen et al. [55,61], the results show statistically significant improve-
ment on the quality of life of the web-based group, but no differences between groups
after intervention.

These studies support the argument that comparable results between web-based and
face-to-face interventions, or the absence of impairment can be considered a success as
seen in previous reviews [23,81], due to the opportunities for new technologies for at risk
COPD patients [23,82]. In this line of thinking, web-based supportive interventions may
complement routine care as no significant differences were found between the face-to-face
and online modalities [70]. Some further advantages should be derived from the use of
telehealth interventions for this argument to be valid and the extensive literature on this
topic leaves no doubt. Telehealth intervention groups show better results than the control
group in risk of exacerbation [83], costs of health care [84], hospitalization days [83], risk
of hospitalizations, and risks of the emergency department visit, without the need for
travel [85].

Our results are consistent with the increasing evidence in the literature on the efficacy
of telehealth supportive interventions [23,34,65–67]. The use of web-based supportive
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interventions for COPD patients is not recommended if based solely on quality of life data,
but there is also no argument against the use of these interventions.

Regarding the methodological quality, the seven RCTs included in the meta-
analysis [54–58,60,61] were classified as “poor quality” according to the Downs and Black
quality checklist. The main reason for the low quality of the studies included in this sys-
tematic review lies in methodological issues. For example, it has been shown in previous
studies that selection bias in interventions based on technological tools is evident. The
reason for this is that some patients are already used to the use of new technologies and
the Internet, leading to the automatic preference of these over other tools [86].

In addition, web-based interventions appear to be unsuitable for all patients because
the level of follow-up and adherence to treatments is often low [87]. Other factors that also
increase the risk of bias involve the lack of patient blinding and not adequately describing
the randomization method.

Strengths and Limitations

To start with, we need to assess the strengths of the present study. First, only RCTs
were included to increase the quality of evidence, and second, we were able to pool data
from seven studies in a meta-analysis.

Thirdly, in previous studies on the effects of e-health’s intervention, web-based sup-
portive intervention was not separately analyzed. In this study, web-based supportive
intervention was first taken as a primary intervention.

The major weakness of this systematic review is the limited number of RCTs focused
on web-based supportive interventions. However, the inclusion criteria enabled us to
include articles with this type of intervention even if quality of life was not the main
variable. There are no obvious reasons for the lack of research on COPD web-based
supportive interventions but the issue of possible facilitators, such as a decreased burden
of web-based interventions and the personalized nature and possible barriers including
security and technical issues, should be addressed when performing these types of health
interventions [88].

Other limitations need to be reported. First, one subgroup in our meta-analysis only
had one study. Second, it should be noted that the diversity of the targeted interventions
makes it difficult to distinguish whether the web-based supportive intervention was solely
responsible for the observed effects. Third, since the authors were only fluent in French,
English, and Spanish, they were only able to review research published or translated into
these languages and not studies in other languages.

5. Conclusions

This systematic review and meta-analysis show the promising potential of web-based
supportive interventions for improving quality of life in COPD patients. Due to the
methodological limitations, the heterogeneity, and the limited number of studies in this
field, the results should be treated with caution. Further randomized controlled studies are
needed to evaluate the effect of web-based supportive interventions, with larger COPD
populations and using appropriate interventions to blind the control group, thus increasing
the evidence in this field of research.

Practical Implications

Our findings suggest that the most common and promising web-based supportive
intervention content are the educational content as well as communication with healthcare
professionals. This systematic review and meta-analysis suggest that web-based supportive
interventions may complement or accompany treatments in COPD patients due to the
advantages of online interventions.
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Appendix A

(“Chronic Obstructive Lung Disease” OR Airflow Obstruction, Chronic” OR “Chronic
Airflow Obstructions” OR “Chronic Airflow Obstruction” OR “COPD” OR “Chronic
Obstructive Pulmonary Disease” OR “COAD” OR “Chronic Obstructive Airway Disease”
OR “Airflow Obstructions, Chronic”) AND (“eHealth” OR “ehealth” OR “e-Health” OR “e-
health” OR “telemedicine” OR “tele-medicine” OR “Mobile Health” OR “Health, Mobile”
OR “mHealth” OR “m-Health” OR “m-health” OR “telehealth” OR “tele-health” OR
“telecare” OR “tele-care” OR “telemonitoring” OR “tele-monitoring” OR “teleconsultation”
OR “tele-consultation” OR “health informatics” OR “internet” OR “mobile”) AND (“Life
Quality” OR “Health-Related Quality Of Life” OR “Health Related Quality Of Life” OR
“HRQOL” OR “quality of life” OR “management” OR “adherence” OR “healthy lifestyle”
OR “well-being”).
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Abstract: Medically underserved communities have limited access to effective disease management
resources in the U.S. Mobile health applications (mHealth apps) offer patients a cost-effective way
to monitor and self-manage their condition and to communicate with providers; however, current
diabetes self-management apps have rarely included end-users from underserved communities in the
design process. This research documents key stakeholder-driven design requirements for a diabetes
self-management app for medically underserved patients. Semi-structured survey interviews were
carried out on 97 patients with diabetes and 11 healthcare providers from medically underserved
counties in South Texas, to elicit perspectives and preferences regarding a diabetes self-management
app, and their beliefs regarding such an app’s usage and utility. Patients emphasized the need for
accessible educational content and for quick access to guidance on regulating blood sugar, diet, and
exercise and physical activity using multimedia rather than textual forms. Healthcare providers
indicated that glucose monitoring, educational content, and the graphical visualization of diabetes
data were among the top-rated app features. These findings suggest that specific design requirements
for the underserved can improve the adoption, usability, and sustainability of such interventions.
Designers should consider health literacy and numeracy, linguistic barriers, data visualization, data
entry complexity, and information exchange capabilities.

Keywords: diabetes mellitus; self-management; blood glucose self-monitoring; mobile applications;
medically underserved area; health literacy; telemedicine; disease management

1. Introduction

In 2020, over 30 million individuals in the United States suffered from diabetes, most
(about 90%) with type 2 diabetes [1]. Rural/medically underserved areas—defined as
populations with low access to primary care providers, high infant mortality, high poverty,
and/or high elderly population [2]—have shown relatively poor diabetes outcomes com-
pared to the urban/well-served areas [3]. Additionally, type 2 diabetes disproportionately
affects people of certain racial and ethnic groups, many of whom may live in areas identified
as rural/medically underserved [4], such as Hispanics/Latinx Americans. Recent estimates
from the Centers for Disease Control showed that individuals from Hispanic/Latinx Amer-
ican heritage were more likely (17%) to suffer from diabetes than the non-Hispanic White
population (8%) [5]. Additionally, data from the U.S. Department of Health and Human
Services’ Office of Minority Health revealed that diabetes was among the leading causes
for mortality among the non-White population [6].

Effective self-management of diabetes can have a significant impact on health out-
comes. Studies have shown that patients who received training in self-management
were successful in regulating their blood glucose levels, dietary habits, and glycemic
control [7–11]. However, several barriers restrict the ability of underserved patients to
execute self-management effectively [12]. These include limited access to timely healthcare
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services [13], limited financial resources [14], low literacy [15–17], and geographic barriers
to seeking care from providers outside their community [18]. Therefore, there is a need
to investigate methods or interventions that enable self-management by identifying and
addressing such barriers systematically.

Telehealth, a type of health information technology, has received special attention in
recent years for improving access to health care [19], and for supporting integrated care for
chronic diseases by providing patient education and information transfer between patients
and providers [20]. Recent advances in mobile health (mHealth) technologies, a modality of
telehealth interventions, have shown promise in mitigating barriers related to accessibility.
These technologies facilitate the self-management of diabetes, including discreet, cost-
efficient, and non-invasive tools for monitoring health conditions, and a reliable platform
for interactions between healthcare providers and patients [21,22]. A recent review of
11 mHealth apps for diabetes [23] revealed common features, such as setting reminders,
tracking blood glucose and hemoglobin A1c (HbA1c), medication use, physical activity,
and weight which support self-management. mHealth technologies, integrated with
monitoring technologies, such as glucometers and continuous glucose monitors, have also
shown promise in improving healthcare delivery [24]. Additionally, the recent integration
of machine learning algorithms and artificial intelligence with mHealth played a vital role
in the use of the data collected by these technologies for clinical decision-making [24].

While such characteristics make mHealth a promising method to address barriers
to self-management in underserved populations, there is limited research documenting
guidelines or mHealth design requirements for these populations. Previous research
highlights the importance of supporting different languages and cultures for the improved
adoption and sustainability in underserved populations. For example, Burner et al [25] and
Williams et al. [26] discussed the need for providing basic features, such as educational
content [25,26], reminders [26], and user interfaces in Spanish for Hispanic/Latinx users. In
addition, glucometer connectivity functionalities [26], and the personalization of messages
and content [25] are discussed as features that are important for users in underserved
populations; however, such features are typically lacking in those apps available in the
market [26]. Low health literacy and eHealth literacy have been identified as potential
challenges for the sustained engagement of vulnerable populations with electronic, mobile,
and telehealth tools; a systematic review shows that these factors have been underassessed
in the published literature about the design of mobile interventions [27]. Additionally,
research revealed that paid mobile apps are more likely to integrate strategies to engage
low health literate populations, in comparison with free mobile apps [28]; however, cost has
been identified as a major concern for people to download and adopt mHealth apps [29],
and financial barriers can restrict underserved populations’ self-management of their
chronic conditions [14,30]. Age has been another factor highlighted in the literature affecting
mHealth usage and adoption. While younger individuals have been identified as more
likely to engage with mHealth apps, it is vital to assess design consideration for the
elderly population [29]. For example, the use of simple, actionable, and information rich
visualizations can help to address some of the design limitations of the low health literate
and elderly population [31]. The patients’ intrinsic level of motivation has also been linked
to vulnerable the populations’ level of engagement with mobile interventions [27]. Research
has shown the need to apply design techniques, such as sequential multiple assignment
randomized trials (SMART), to tailor self-monitoring mobile interventions to the patients’
individual level of internal motivation [32].

Despite the evidence suggesting users’ preferences for personalized nutritional and
health behavior content [32], research [33] highlighted the lack of personalized feedback
and significant usability issues, including ease of data entry and integration with patients
and electronic health records, suggesting a potential gap in user-centered design (UCD)
approaches. Indeed, usability tests on eight mHealth apps for diabetes revealed that more
than two-thirds (6/8) were scored by patients as “marginal” or “not acceptable” [23]. This
is supported by another study, in which about half of the participants reported stopping
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their use of mHealth apps due to a high data entry burden and loss of interest, among other
factors [29]. UCD has shown promise in fostering user engagement and improving the
perception of app effectiveness, with positive impact on sustained behavioral change [34,35].
To our knowledge, only a few attempts have been documented to utilize UCD to inform
requirements for diabetes self-management apps (e.g., [36]) and no research has focused
on the needs and expectations of the underserved. To address this gap, in this paper,
we document the stakeholders’ needs and expectations from a diabetes self-management
app, by eliciting feedback from patients with diabetes and providers in several medically
underserved areas in the United States.

2. Methods

Semi-structured interviews were conducted with a convenience sample of 97 patients
and 11 healthcare providers from several medically underserved counties in South Texas.
The interviews with patients were conducted by four nurse educators with graduate
degrees in nursing or education during diabetes self-management education sessions,
held between 8 April 2019 and 3 May 2019, as part of the Healthy Texas initiative. These
education sessions aimed at educating patients with diabetes on practical strategies and tips
for incorporating healthy behaviors in their daily activities, including effective nutrition,
general health and wellness, the role of physical activity, and ways to mitigate the financial
and physical burden of diabetes. Participants were informed about the study at the end of
educational sessions and were selected if they met the participation criteria (aged 18+ and
had diabetes). The authors FS and AR, who held doctoral degrees in Engineering and had
extensive experience in qualitative research, provided these interviewers with training on
conducting interviews. Providers were recruited and interviewed by the authors AR, SB,
and FS during a diabetes education conference in South Texas. The research group used a
booth at the conference exhibition room to recruit the participants. The study team did not
establish a relationship with the participants prior to the study and no one other than the
interviewers were present at the interview sessions. No potential participant refused or
withdrew mid-study, and no repeated interviews were carried out.

Two interview protocols were developed for patients and providers, respectively, to
reduce individual biases and assumptions and to standardize the interviews. Interviews
with patients focused on understanding their expectations from a diabetes self-management
app. The questions in the interview protocol for patients included topics, such as perceived
barriers and limitations for diabetes self-management, the use of technology to manage
diabetes, important characteristics in a technology for diabetes self-management, and
preferences on features for an app for diabetes self-management. Similarly, interviews
with providers focused on their expectations from a self-management app for diabetes
both from the patients’ perspective and the type of information or interactions providers
expected from such a tool. The questions in the interview protocol for providers included
topics, such as perceived barriers and limitations for patients to adopt and app for diabetes
self-management, perceived barriers and limitations for providers to monitor patient who
have adopted such technology, perceived importance on feature for an app for diabetes
self-management, and preferences about data representation and data communication. The
interviews took approximately 45 min for both the patients and providers. The patients
and providers received a USD 25 or USD 50 gift card, respectively, for participation. The
Texas A&M University Review Board reviewed and approved this study (IRB Protocol
#IRB2018-1503D) and all participants provided informed consent.

The interviews were audio recorded and no field notes were made by the interviewers
during or after the interviews. A transcription service, Temi, was used to transcribe the
audio recorded interviews preceding analysis [37]. The thematic analysis of the interviews
was conducted by two coders (AS and AR) [38,39]. The two coders completed the follow-
ing steps, separately and sequentially, and then met to discuss any discrepancies: code
creation, initial coding, and focused coding. The thematic coding process entailed a deeper
discussion of the themes and constructs that emerged from the analysis. After coming to
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a consensus, the themes were discussed with the other authors (SB and FS) and changes
were made, as necessary. MAXQDA 12 was used to complete the analysis [40]. AS and SB
were doctoral students and had extensive experience in qualitative data analysis.

3. Results

3.1. Demographics of Participants
3.1.1. Patient Demographics

Table 1 presents the key demographics of the patients. A total of 100 patients partici-
pated in the interviews. After cleaning the data, removing incomplete entries, a total of
97 interviews were analyzed. The average age of the participants was 56.07 (SD = 13.10).
A vast majority of the participants were Hispanic or Latinx (90%, 87/97). Most of the
patients did not have a postsecondary degree, with 73.20% (71/97) of the respondents
having either some college (no degree), a high school diploma, or less. Approximately half
the respondents (50.51%; 49/97) had a household income of less than USD 30,000. About
a fourth of participants reported not having medical insurance (24%; 23/97). A majority
of the participants had type 2 diabetes (81%, 79/97). About a fourth of participants were
diagnosed with diabetes within a year of the date of their participation in the study (25%,
24/97), and about 39% (38/97) of respondents reported having diabetes for more than
10 years.

Table 1. Demographic information of patients.

Characteristic Number of Respondents Percentage

Gender (n = 97)

Female 71 73.20

Male 26 26.80
Income (n = 97)

Less than USD 20,000 30 30.93

USD 20,000–USD 30,000 19 19.59

USD 30,000–USD 40,000 11 11.34

USD 40,000–USD 50,000 10 10.31

USD 50,000–USD 60,000 4 4.12

Above USD 60,000 8 8.25

Prefer not to answer 15 15.46
Race (n = 97)

White (non-Hispanic or Latinx) 7 7.22

Hispanic or Latinx (White) 61 62.89

Hispanic or Latinx (non-White) 26 26.80

American Indian or Native 2 2.06

Two or more races 1 1.03
Education (n = 97)

Less than high school diploma 16 16.50

High school diploma or GED 29 29.90

Some college, no degree 26 26.80

Associate degree 14 14.43

Bachelor’s degree 9 9.28

Graduate or professional degree 3 3.09
Type of Diabetes (n = 97)

Pre-diabetes 4 4.12

Type 1 9 9.28

374



Int. J. Environ. Res. Public Health 2022, 19, 127

Table 1. Cont.

Characteristic Number of Respondents Percentage

Type 2 79 81.44

Do not know 5 5.16
First Diagnosed with Diabetes (n = 97)

Less than 6 months 12 12.37

6 months to 1 year 12 12.37

Greater than 1 year to 10 years 35 36.09

Greater than 10 years to 20 years 32 32.99

Greater than 20 years 6 6.18

3.1.2. Healthcare Provider Demographics

Eleven healthcare providers serving medically underserved communities in South
Texas participated in the interviews. Table 2 presents the key demographics for the health-
care providers interviewed. On average, the physicians sampled had nearly 3 decades
(mean = 28.86; SD = 7.75; and range: 10 to 38) of experience in their current roles. Most
participants (9/11) practiced family medicine, one practiced general medicine, and one
was a pediatric nurse practitioner. Two participants held leadership roles (president/CEO)
in their respective organizations.

Table 2. Demographic information of healthcare providers.

Characteristic Number of Respondents Percentage

Gender (n = 11)

Female 2 18.19

Male 9 81.81
Age (n = 11)

45–54 years 1 9.09

55–64 years 5 45.45

65–74 years 5 45.45
Race (n = 11)

White (Non-Hispanic or Latinx) 9 81.81

Hispanic or Latinx (non-White) 2 18.19
Nature of Experience (n = 11)

Family medicine/practice 9 81.81

General medicine 1 9.09

Pediatric nurse practitioner 1 9.09

3.2. Participant Interview Themes

Patients were asked to specify features they desired in a diabetes self-management
mobile app. A total of 97 participants responded to this question. The analysis of these
responses resulted in five superordinate themes: (1) logging and tracking of blood sugar
readings; (2) assistance with adopting a healthy lifestyle; (3) integration with the healthcare
system; (4) reminders and alerts; and (5) usability and non-invasiveness. Almost 20% of the
respondents (19.58%; 19/97) indicated that they did not know what features they would
expect in a diabetes self-management app.

The healthcare providers were asked a series of questions about features they believed
would benefit their patients and would improve their practice. The analysis of the responses
from 11 physicians resulted in 5 superordinate themes: (1) dietary logs; (2) patient diabetes
education; (3) reminders and alerts; (4) information communication and presentation; and
(5) patient-related challenges and barriers. These themes and associated subthemes are
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discussed below. The proportion of participants whose response is captured by a theme or
subtheme is presented with percentage (%) and counts (xx/XX). Some subtheme counts do
not total 100% because some participants had responses in multiple subthemes.

3.2.1. Functional Requirements Suggested by the Patients
Logging and Tracking Blood Sugar Readings

Almost a quarter (24.74%; 24/97) of the patients in our sample expressed the need
to be able to track and log their blood sugar readings. Two prominent subthemes were
identified from the interviews: (a) logging readings and (b) assistance and insights from
the readings.

Logging Readings: this subtheme captures the patients’ desire for the app to help
them log and recall their blood sugar readings. More than half of the patients (54.17%;
13/24) who expected this feature also highlighted the need to trace back to previous
readings to check their well-being.

“Just to be able to keep track of myself . . . or tracking my glucose . . . without having to
write it down”—P12

Assistance & Insights from the Readings: some patients (16.67%; 4/24) pointed out
the need to understand what the entries mean. Specifically, they indicated the need for
graphical interfaces to visualize the trends of their readings. For example, “keeping track
of history . . . so I can monitor for trends” (P19). The participants mentioned familiarity with
similar visual trends, such as activity and expected similar visualization for sugar levels. In
addition, some of the patients mentioned that descriptive statistics about their parameters
would be useful in managing their condition, such as “the daily average, and the weekly
average” (P09).

Assistance with Adopting a Healthier Lifestyle

About a third (34.02%; 33/97) of the respondents indicated the need for assistance with
managing their condition and adopting healthier choices, and demonstrated a willingness
to learn about tips and techniques to manage their diabetes. Specifically, their responses
were categorized into three subthemes: (a) diet regulation; (b) health tips; and (c) fitness
and physical activity.

Diet Regulation: this theme captures the patients’ desire to be provided with infor-
mation on regulating their eating habits and food intake. Two thirds (66.67%; 22/33) of
these participants wanted diet regulation features, including access to a list of the types of
foods they can consume to maintain glycemic control. Furthermore, patients also wanted
the app to help them to construct and adhere to a diet plan. Finally, some patients (based
on the diabetes education they had received) indicated that they could benefit from having
a carbohydrate “tracker”.

“Like maybe like a diet plan, things to do or not to do you know that can lower your
sugars if they’re high.”—P21

“[ . . . ] and a list of dos’ and do not food, you know, like a list, an actual list.”—P07

“How many carbs, I can [eat], you know, in, um, like in the mornings [ . . . or] at
lunchtime I’ll have a sandwich [ . . . ] I think that’s one of the reasons my diabetes goes
up. It scares me, you know, to eat a lot of carbs.”—P16

Health Tips: patients frequently (39.39%; 13/33) mentioned the need to easily access
health-related resources. Although there was an interest in health resources in general, pa-
tients were particularly keen on accessing specific tips about nutrition. The participants also
mentioned expecting prescriptive tips when presented with abnormal blood sugar values.

“There’s a lot of things like for your heart and stuff [ . . . ] there’s a lot of stuff out here
that we eat and we’re not supposed to because it’s really damaging ourselves. So, you
know some advice [ . . . ] give us something like that.”—P11
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“[ . . . ] to see, to measure if your sugar is high or low and to explain what things you can
do to lower our sugar [ . . . ]”—P08

Fitness and Physical Activity: several of these patients (15.15%; 5/33) indicated that,
while there are several commercial apps for fitness and activity tracking, a fitness module
integrated into the diabetes self-management app would be ideal, suggesting the perceived
importance of the connection between physical activity and diabetes.

Reminders and Alerts

Some patients (11.34%; 11/97) suggested timely alerts or reminders would help them
adhere to their medication regimen. Two subthemes emerged from patient responses: (a)
reminders and scheduling, and (b) predictive capability.

Reminders and Scheduling: several of these patients (72.72%; 8/11) highlighted their
busy lifestyle as a reason for forgetting to monitor their blood sugar levels. In addition
to being reminded to monitor their health, patients also suggested that a scheduling tool
would help them keep track of their appointments.

Predictive Capability: some of these patients (36.36%; 4/11) responded that they
would like predictive features, such as the early detection of warning signs and monitoring
trends, so they can mitigate any problems before they occur.

“[ . . . ] maybe signs to look for, like when you’re going to have maybe an [hypoglycemia]
episode, so like warning signs.”—P39

Integration with Healthcare System

A few patients in our sample (3.09%; 3/97) highlighted the need for their diabetes self-
management program to be integrated into their overall care system. The patients desired easy
communication of diabetic parameters and progress reports with their healthcare provider.

“[ . . . ] being able to send it to the doctor, or bring a recording of the reading. That way
they could keep track of it.”—P06

Usability and Non-Invasiveness

Several patients (13.4%; 13/97) desired a system that would be easy to use and non-
invasive. This superordinate theme can be categorized into two subthemes: (a) usability
and (b) non-invasiveness.

Usability: Several patients raised concerns about their experiences with app usability
(46.15%; 6/13) and expected an app that was reliable, accurate, and easy to use.

Non-invasiveness: this theme captures the patients’ desire for a method of reading
sugar levels without having to prick themselves, as commonly required by most glucome-
ters. Most of these patients (53.84%; 7/13) were fatigued by the constant pricking for the
blood sugar measurement and desired an app that would display blood sugar readings
(potentially from an implantable continuous glucose monitor).

“Like I said, a feature that would allow you to check your glucose level without [pricking],
. . . , I mean I don’t know if they can make something like that without drawing your
blood.”—P14

3.2.2. Functional Requirements Suggested by Healthcare Providers
Dietary Logs

Healthcare providers (72.72%; 8/11) highlighted the importance of a diet/food log to
keep track of what patients are consuming and to have patients engage in their treatment.
Healthcare providers also suggested that the app should provide immediate feedback to
the patients about the calorie density and quality of the food they are ingesting. However,
providers cautioned against using food logs in clinical assessments as patients tended to be
dishonest in their logs.

“So, I mean, if they want to write it down, that’s fine [ . . . ] if you’re assuming perfect
compliance and honesty. But my experience is that most patients aren’t completely honest
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with what they do. So, I guess in the ideal setting, a food log would be great. So, you can
go, I see when you have that bowl of ice cream, you know, that wasn’t broccoli, you know,
then food log could be really important. So, I guess we could change it.”—S01

“Food log with [ . . . ] input about calorie and everything else. So, it’d be two-way [ . . . ]
Immediate feedback. Get pretty much immediate feedback. If they’re going to go to the
trouble of entering in all that food, they need to get, I don’t want it just to be written
down, you know, and just stored somewhere and they look it up. They’re going to enter
what they’re going to eat in a food log. They need to get immediate feedback about the
calories or, and this is on or off their diet or something like that.”—S08

One physician alluded to the use of image processing and machine learning techniques
to analyze a photograph of a plate of food. The results of the analysis provide a breakdown
of calorie content and nutritional value.

“I thought it would be fantastic if a person sets their meal, their plate down, they take a
photo of it. And artificial intelligence calculates the, based on the size of the plate, I mean,
[ . . . ], how much potatoes take up, how much the meat takes up. And it calculates [ . . . ].
We load the fat amount, the protein amount [but] I don’t think they have that yet.”—S04

Patient Diabetes Education

Some providers (27.27%; 3/11) highlighted the low health literacy of patients they
treated and encouraged the creation of an educational component in the diabetes self-
management app for facilitating communication with educators.

“We have to give them the information . . . It’s like a coach. This is the game plan . . .
this is how you throw the ball and all that. [You have] repetition and they get better at
it.”—S08

Reminders and Alerts

Most providers (72.72%; 8/11) suggested that providing periodic reminders or alerts
about multiple topics, including ingesting medication, diet adherence, activity reminders,
and appointments, would benefit patients and help them in self-management.

“Self-management. So yeah, you get reminders. You got to do that for them. Probably
about every two hours . . . you remind them about if your glucose is too high or too low
. . . They could do a reading . . . to help them for self-management.”—S02

Providers also cautioned designers about the tendency for patients to develop alarm
fatigue leading to ignored reminders, thus highlighting the need to remind or alert only
when appropriate.

“[ . . . ] there are patients who may feel like this is getting a little [annoying], and you’re
going to have to see everybody [feels] a little intruded.”—S08

“[ . . . ] when you start getting emails that are 12 different things on the same subject,
you just start going through them and not reading them. And that’s what we’re seeing.
They will gloss over them.”—S05

When discussing reminders, the healthcare providers’ responses could be categorized
into two subthemes: (a) medication intake recall and (b) activity reminder

Medication Intake Recall: several providers (50%; 4/8) indicated that some of their
patients had trouble recalling the nature and amount of medication taken in a specific
period. Therefore, the healthcare providers believed that including an easy to use and
intuitive medication reminder feature in the app would remind patients about previously
ingested or impending medication.

“Having that in the app, so they’re documenting it [ . . . ] I think from a provider
standpoint it would be great, but from the patient standpoint, we can’t get them to write
it down in a book. It would have to be very simple. Like they go in and click a button or
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two, you know, have their medications, already populated and they could just go in and
go click, click, click.”—S07

Activity Reminder: a few of the healthcare providers (37.5%; 3/8) suggested design-
ing a feature that would help patients log their activities and remind them to exercise/stay
active while giving the provider access to that information.

“[ . . . ] we need something to help them exercise on here and way of recording it.
[Even though] those are already with Fitbit’s and stuff, but that needs to be sent to the
physician.”—S04

Information Communication and Presentation

Although the healthcare providers encouraged open lines of communication with their
patients, they highlighted key features relating to data communication and presentation,
such as synchronous and asynchronous communication and information presentation.

Synchronous vs. Asynchronous Communication: two providers (18.2%; 2/11) stressed
the need for both providers and patients to be able to communicate and exchange informa-
tion, even for a self-management tool.

“Is there one-way or two-way communication with this app? It could be two-way. It has
to be two. If it’s two-way, I’d feel comfortable. If it’s only one-way, it’s not worth it.”

An example of a such one-way or asynchronous communication method is the use of
voice notes. The providers had mixed feelings about the use of voice notes as a means of
communicating with patients. While some healthcare providers (27.27%; 3/11) believed
that voice notes can be beneficial to patients who were visually challenged, the majority
(72.72%; 6/11) were against the use of voice notes, citing issues with understanding patient
accents and dialects.

“[ . . . ] for those with really poor eyesight, it’s gonna have to be a voice [recording], in
their language.”—S04

“But you know as well as I do, there’s so many dialects [ . . . ] word accents. Sometimes
you can’t understand.”—S03

The majority of providers (63.63%; 7/11) believed that sending text messages can be a
useful medium to communicate specific, personalized, and urgent messages or instructions
to patients, while a few preferred a chat feature.

“[ . . . ] texts would be for urgent things like too high or too low [blood sugar].”

“[ . . . ] what I like and what I think a lot of the younger crowd would like, would be, that
“chat.” [ . . . ] You know, if you have questions, you’re gonna chat”

Information Presentation: most providers were highly supportive (72.72%; 8/11)
of having graphs in the mobile app. However, they remarked that some patients in
their communities had challenges in comprehending the information provided in graphs
and would often require the healthcare providers to describe it to them. The providers
emphasized the need for the graphs to be simple, easy to read, with clearly displayed limits,
and intuitive ways to warn patients about abnormal sugar levels.

“[ . . . ] People respond visibly very easily using warning colors. Green, good, red,
bad. The line where yours is. Pictures and graphs are great and probably better than
texts.”—S08

Some healthcare providers indicated that adding appropriate pictures can help patients
understand, interpret, and potentially maintain glycemic control.

“[ . . . ] they see somebody happy; they know their blood sugars in a happy range. Uh, see
some blood sugars, they, they maybe they can follow it on a chart day to day. Happy face
here means they’re in control. A sad face here means they’re out of control.”—S04

“[ . . . ] every picture tells a story. I think they would like pictures. See where they were
and where they’re going.”—S09
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Of the six healthcare providers who responded to this question, 50% (3/6) were
cautiously optimistic about the use of tables and charts to communicate clinical data to
patients, while the other half felt that the patients might be overwhelmed.

Patient-Related Challenges or Barriers

When asked about the potential to implement a diabetes self-management app in
a clinical setting, healthcare providers highlighted key barriers that could impede care.
Their responses were classified into the following subthemes: (a) patient literacy levels; (b)
privacy concerns; and (c) lack of motivation.

Patient Literacy Levels: several providers (45.45%; 5/11) emphasized the diversity in
education levels of the patients and questioned the patients’ ability to read and interpret
graphs or other information on an application. Furthermore, providers raised concerns
about the patients’ general readiness to use technology-based interventions, age-related
usability barriers, and the language barriers.

“Well, like I said, the people I’m going to use it on are usually older people and those
people didn’t grow up with technology.”—S10

“Most of my people speak Spanish or Spanglish.”—S02

Some providers (36.36%; 4/11) indicated that many of their patients can struggle with
self-management, which can require them to visit the physician (in-person) to interpret
their readings. This can in turn exacerbate issues related to access and geographical barriers.
They suggested integrating the app with existing technologies, such as telemonitoring, or
providing means of communicating relevant information to address this barrier.

“If they have to come to the office [ . . . ] to present the data, that’s a barrier. If it can be
like the telehealth telemonitoring it’s transmitted and that’s not a barrier for them.”—S04

“[ . . . ] Transportation is a big barrier to adopt something like this. [Because] they have
to get to the office. They also have looking for rides and I’m in a neighborhood, lot of
people walk to my place, well [those] people have to take a bus.”—S02

Privacy Concerns: a few providers (18.18%; 2/11) cited privacy concerns, highlighting
that patients can be unwilling to be monitored or reluctant to share data.

“I don’t know if they’d be open to doing something like that. [ . . . ] most of them don’t
[ . . . ]. They don’t want something intruding on their [ . . . ] autonomy I guess.”—S10

Lack of Motivation: a few providers (18.18%; 2/11) also indicated that some of the
patients in underserved areas can lack motivation to adhere to their treatment. This concern
in turn relates to sustained app use for effective adoption of a healthier lifestyle.

4. Discussion

Our qualitative investigation into the requirements for a diabetes self-management
app provided rich data on the key features and functionalities for patient adoption and
engagement. These data lend insights into the facilitators and barriers that can encourage or
impede the patients’ sustained use of a diabetes self-management app. Although there has
been research on the preferences of medically underserved patients [25,26], our study adds
the multi-stakeholder perspective of providers in medically underserved communities.

Our findings are consistent with the previous literature on essential features for a
diabetes self-management app [41–43]. Evidence-based guidelines suggest that logging and
tracking blood glucose levels are essential elements in diabetes management [44,45]. Com-
plementing these guidelines, Chavez and colleagues stated that physical activity, nutrition,
blood glucose testing, medication or insulin dosage, health feedback, and education were
key diabetes management tasks [46]. Consistent with this literature, patients in our study
highlighted the need for logging and monitoring blood glucose levels, including visual
trends for such values, tips about health lifestyle choices (e.g., exercise and nutrition), and
reminders—all key basic features in a diabetes self-management app [42,43]. In addition,
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patients also requested the creation of a schedule feature, which would likely help them
track their medication intake. Moreover, patients emphasized their preference to have a
list of the types of foods they can consume to maintain glycemic control and to have a
feature that can serve as a carbohydrate “tracker.” Research has shown that people with
diabetes in low income and minority neighborhoods have limited access to healthy foods
and limited discussions with healthcare providers about healthy eating [47]. In addition, it
has been suggested that cultural factors, such as the preference for carbohydrate-rich foods,
should be considered when understanding the prevalence of diabetes in Latinx/Hispanic
communities in the U.S. [48]. Moreover, eating disorders are more prevalent in individuals
with type 1 diabetes, in comparison to the general population [49]. Finally, while our
findings did not include the desire for mental health support, previous work suggests that
patients with diabetes support the inclusion of features for assistance with the psychologi-
cal and emotional aspects of diabetes self-management, such as stress management and
mechanisms to cope with negative emotions [43].

Patients were particularly interested in accessing educational resources to help them
better self-manage their condition. Although patients interviewed in the study were part
of a program that provided diabetes education, our results indicate their preference to
have access to dietary tips and educational content in a mHealth app. Such a tool can
remove the barriers related to access to educational resources and can serve as a central
repository of educational information that patients can access on-demand with tailored
content based on their preferences. The request for educational content was also supported
by the healthcare providers in our sample, which highlights a potential gap and unmet
need in existing apps, with education among the most underrepresented features [26,41].
Furthermore, it is important to note that content should be provided at levels consistent
with the educational background of the population (primarily high school level or less in
our sample). It is imperative that the content provided is aligned to recommendations in the
literature to overcome the challenges and limitations related to the patients’ literacy levels.
Design implications, such as minimizing technical jargon [50–55], presenting simplified
language into tangible units [50–53], explaining uncommon terms [50–53], aligning content
to the patients’ cultural background [50–52], and implementing visual and audible features
over the use of text [50–56], must be considered when creating the educational content to
be integrated in the mobile app. Williams and Schroeder [26] go on to state that the use
of video-based educational material can complement text-based content since Hispanics
are among the major consumers of online multimedia content [57]. Additionally, the
availability of educational content in multiple languages seems to be essential to overcome
language barriers, especially in those underserved communities in which patients with
diabetes are predominantly non-English speakers. Finally, while participants mainly
emphasized the need for educational content about healthy eating, further research is
warranted to understand the perspectives about additional interventions to encourage
behavioral change regarding eating habits. Participants also supported the integration of a
fitness and physical activity module. However, given the availability and prevalence of
apps for physical activity, further work is needed to understand the utilization of such apps
among underserved populations and investigate unmet needs.

Our findings showed that patients were partial to understanding and interpreting
their diabetic parameters through graphs and visualization. Although healthcare providers
were generally supportive of these media, they cautioned against complex displays. Health-
care providers cautioned about the patients’ literacy levels and technical literacy levels,
questioning their ability to read graphs and information in the app. Additionally, research
suggests that the limited health literacy influence patients sustained motivation for engag-
ing in monitoring their condition through self-management [58]. This can suggest that the
design of health graphs and visualizations should account for the users’ literacy levels.
This is in line with evidence suggesting the benefits to the patients’ health outcomes, when
interventions sensitive to low health literacy limitations are used [30]. One of the healthcare
providers suggested the use of colors and imagery to convey meaning and urgency, a
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view supported by the findings of Desai and colleagues, who suggested the use of a traffic
light representation and facial emotions among possible visualizations of blood glucose
forecasts [31]. Furthermore, while some patients indicated that they would benefit from the
blood sugar forecasting capabilities in the app, research has shown that individuals with
low numeracy can find it difficult to interpret the uncertainties associated with a forecast,
consequently leading to disengagement [31]. The research suggests that visualizations
that are simple, information-rich, convey authority, and promote actionable and learning
behaviors from users are more effective in assisting users with data interpretation [31].
Additionally, providing the user with step-by-step guidance (e.g., a welcome wizard) about
the different screen or features in the app can help address this problem [59]. Additionally,
research has shown that difficulties using a smartphone can also impact the use of mobile
apps [60]. Therefore, emphasis should be given towards orienting users to the app when
they seem to be newer adopters of smartphone technology.

Patients expressed an interest in logging data and notes relating to their diabetes
self-management. Healthcare providers also encouraged patients to log information, in
the belief that it would keep patients engaged in their treatment. However, research has
shown that a common reason for abandoning the use of apps is due the time required
to enter data [61], which our providers also considered as an issue. Self-management
practices can be encouraged by reducing the burden of data entry, for instance through
simplified interfaces with adjustable text icon sizes to cater to individuals with visual
impairments [26]. Additionally, data entry tasks could be simplified by the integration
of databases and auto-fill features that help to minimize the amount of information the
patients must recall and enter. Furthermore, providers highlighted the importance of
synchronous and asynchronous communication capabilities; however, healthcare providers
highlighted difficulties that can arise due to language barriers. Therefore, the availability of
communication functions should integrate translators. Additionally, ways to effectively
manage synchronous or patient-initiated communications must be explored to avoid
unnecessary burden on providers, since concerns about potential changes in workload and
overwhelming number of notifications have been highlighted in the literature regarding
provider support of mHealth interventions for diabetes self-management [62].

In our study, patients with diabetes expressed their preference for simple instructions
for healthy diets (i.e., a list of do’s and don’ts for healthy eating). This finding is consistent
with the results of Turchioe et al. [32] that showed low-income diabetic patients’ mixed
attitudes towards goal setting for dietary intake, and the general lack of positive attitudes
towards personalized decision support and self-discovery. This is in contrast to findings in
studies with more advantaged populations (e.g., [63]), where more detailed information
on the impact of dietary consumption on glucose levels were preferred. These differences
warrant further research to investigate adaptive or personalized interventions that take
the user’s characteristic in mind and/or provide personalization capabilities for various
user types.

The synergistic interplay between remote patient monitoring (RPM) systems and
smartphone apps can play a key role in assisted diabetes self-management. Patients and
healthcare providers agreed that seamless integration of the app with their healthcare infras-
tructure can improve monitoring and managing diabetes. Studies have shown that RPM
systems facilitate monitoring vital signs and allow for early detection of potentially haz-
ardous health conditions, allowing time for provider intervention and preventing expensive
hospital admissions [64]. For example, a clinician can track an insulin-dependent patient’s
blood sugar profile, identify hypoglycemic tendencies, and make the necessary changes
to the patient’s insulin dosages. In addition, a recent study demonstrated the potential of
an RPM-facilitated diabetes management program, which incorporated evidence-based
lifestyle interventions [65]. However, enthusiasm to adopt RPM in medically underserved
communities should be tempered by the patients’ access to technology, user proficiency,
and training requirements [66–68].
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This work has certain limitations. First, our sample did not contain medically under-
served patients beyond those residing in several counties in South Texas. Therefore, the
results may not be generalizable to other medically-underserved communities. A similar
limitation applies to the clinicians who were interviewed in our study. To overcome this
limitation, we recommend carrying out the same study in multiple medically underserved
communities across Texas and the U.S. Next, our sample consisted of only those patients
who were seeking diabetes education and care through TAM-HST. It is conceivable that
there are other patients with diabetes in that region who can have additional design re-
quirements or have faced additional barriers not represented here. In addition, while in
this study we identified patients by their diabetes type, no information was collected about
usage of insulin, especially among patients with type 2 diabetes. Future work should
investigate the differences between the requirements for users who do and do not use
insulin. Next, our sample size for providers is small due to overall shortage of providers in
the medically underserved counties and limited access. While we reached saturation with
our current sample, future work should collect the perspectives of more providers in other
underserved communities across Texas and the U.S. to validate and expand our findings.
Finally, a significant proportion of the patients indicated that they were not knowledgeable
about smartphone or self-management apps, thereby failing to provide design features. Al-
though this is an unfortunate scenario, it presents an opportunity to educate patients about
the capabilities of mHealth in assisting with diabetes self-management. It is imperative
that these patients be included in formative usability tests to gather their perspective on
the app design.

5. Conclusions

This paper highlights key features and functional requirements for the design of a dia-
betes self-management app tailored to the underserved community. Some of our findings
are consistent with previous literature on essential features for a diabetes self-management
app for the general population, such as including features to log and track blood glucose
levels, physical activity, nutrition, and medication and insulin dosage, in addition to in-
cluding reminders and educational content about healthy lifestyle choices [41,42,46]. In
addition to these commonalities, with the published literature about the general guidelines
for the design of self-management apps for diabetes, our review of relevant literature
and interviews with patients and physicians in some representative underserved areas
suggest that specific design requirements for the underserved can improve the adoption,
usability, and sustainability of such interventions. Despite the prevalence of several self-
management apps, the emergence of patient education as a desired feature suggests the
need for designers to pay closer attention to the patients’ linguistic abilities and health
literacy levels. Both the patients and providers also strongly desired the use of appropriate
visualizations of diabetes data. In this regard, we recommend further investigations into
the types of visualizations that would facilitate the easy interpretation of diabetes data.
The use of simplified interfaces, adjustable icons, databases, and auto-fill features were
identified to simplify information visualization, information recall, and data entry tasks.
The use of formative training and technology exposure were identified to address issues of
low experience with technology and low knowledge about mHealth capabilities, which
can affect adoption and sustained engagement. While our data suggest that patients in
underserved communities desire educational content about healthy lifestyle choices (e.g.,
nutrition and exercise), it is important that this content is presented in a way that is sensi-
tive to their social and economic limitations, cultural background, and promotes a healthy
attitudes towards eating. The results from our study also provided insights into perceived
patient adoption barriers, including health literacy levels, motivation, and privacy concerns.
To mitigate these barriers, we recommend adopting a community-based participatory
research approach to facilitate a grassroots-level education about the capabilities of the app
being designed.
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