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Abstract

Background: This study examines the development of the connected health (CH) research landscape with aview to providing
an overview of the existing CH research. The research field of CH has experienced rapid growth coinciding with increasing
pressure on health care systems to become more proactive and patient centered.

Objective: This study aimed to assess the extent and coverage of the current body of knowledge in CH. In doing so, we sought
to identify specific topicsthat have drawn the attention of CH researchers and to identify research gaps, in particul ar those offering
opportunities for further interdisciplinary research.

Methods: A systematic mapping study that combined scientific contributions from research in the disciplines of medicine,
business, computer science, and engineering was used. Overall, seven classification criteria were used to analyze the papers,
including publication source, publication year, research type, empirical type, contribution type, research topic, and the medical
condition studied.

Results: The search resulted in 208 papers that were analyzed by a multidisciplinary group of researchers. The resultsindicated
aslow start for CH research but showed a more recent steady upswing since 2013. The majority of papers proposed health care
solutions (77/208, 37.0%) or evaluated CH approaches (49/208, 23.5%). Case studies (59/208, 28.3%) and experiments (55/208,
26.4%) were the most popular forms of scientific validation used. Diabetes, cancer, multiple sclerosis, and heart conditions were
among the most prevalent medical conditions studied.

Conclusions: We conclude that CH research has become an established field of research that has grown over the last five years.
The results of this study indicate a focus on technol ogy-driven research with a strong contribution from medicine, whereas the
business aspects of CH have received less research attention.

(J Med Internet Res 2019;21(9):€14394) doi: 10.2196/14394
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Introduction

Background

A variety of terms and concepts exist that describe the use of
technology in hedthincluding Health I T, eHealth, Telemedicine,
and Health Informatics. In the early 2000s [1], the term
Connected Health (CH) began to appear. It did so in the context
of research that investigated how information and
communication technol ogies could advance health by connecting
people, knowledge, technical artifacts, and organizations. Some
years later, Poon and Zhang introduced a new CH information
system based on a “four-layered architecture: personal, home,
community, and hospital” [2]. One of the most cited definitions
for CH was introduced in 2013 [3]:

Connected Health encompasses terms such as
wireless, digital, electronic, mobile, and tele-health
and refers to a conceptual model for health
management where devices, servicesor interventions
are designed around the patient’s needs, and health
related data is shared, in such a way that the patient
can receive care in the most proactive and efficient
manner possible. All stakeholdersin the process are
connected by means of timely sharing and
presentation of accurate and pertinent information
regarding patient status through smarter use of data,
devices, communication platforms, and people.

The European Network for the Joint Evaluation of Connected
Health Technol ogies definesthe CH vision as“aparadigm shift
looking after the individual and community health in aprocess
that speaksto the health journey of the person, through the entire
lifespan, leveraging a variety of technologies to do so” [4].
Achieving thisvision will require attention to be paid to policy
and regulation, technology and interoperability, training and
education, business and revenue models, as well as citizen and
clinician engagement [5]. Successful implementation of the CH
vision needs time and effort from all health care stakeholders.

Objectives

Given the recent growth in CH research, we set out to map its
evolution up to the present day. We use a systematic mapping
study to chart the research landscape combining scientific
contributions from the research disciplines of medicine,
business, computer science, and engineering. Although previous
CH reviews do exist, they are confined to descriptions of how
CH solutions are being used in specific conditions such as cancer
[6,7] or in specific measurement technologies such as

Figure 1. Systematic mapping process.
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measurement of vital signs [8] or weight [9]. Past efforts also
concentrated on presenting CH-related literature in systematic
ways [6,10,11]. Our goal is to provide a comprehensive,
interdisciplinary overview of existing CH research. This will
help researchers understand how the field has devel oped since
its earliest studies in the late 1990s. It will also identify those
topicsthat have drawn the attention of the research community.
This knowledge will add value by identifying gaps or
interdisciplinary opportunitiesin the study of CH. Perhaps most
importantly, it may also underpin future work to develop an
integrated and interdisciplinary research agenda for CH that
will answer efficacy, design, policy, and sustainability questions
for patients, clinicians, technology devel opers, and businesses.

Methods

Overview

This paper followed a systematic mapping study method [12].
Systematic mapping studies aim primarily to present an
overview of aresearch areato report the quantity and type of
literature and resultsthat are published within it. The systematic
mapping process comprises 3 steps: (1) the identification of
relevant literature, (2) the composition of a classification
scheme, and (3) the mapping of literature [12]. Figure 1 presents
the mapping processincluding the search for relevant literature,
the definition of a scheme, and the mapping of relevant
publications.

The method was used to examine the body of existing research
conducted by researchers in medicine, business, computer
science, and engineering to understand the nature of research
conducted in the area of CH. A systematic mapping study was
found to be suitable for this task as it provided a high-level
framework for combining interdisciplinary research efforts as
well as an analytical framework that spanned disciplinary
boundaries.

Mapping Questions

Theaim of thisstudy wasto present an overview of theavailable
publications pertinent to CH. Following the systematic mapping
study method, the study was guided by a set of mapping
guestions. Table 1 presents the 6 mapping questions (MQs) and
the rationale for conducting this study. More detail as to the
logic supporting the selection of suitable MQs is included in
the Data Extraction Strategy section below. The study search
strategy as well as the inclusion and exclusion criteria (EC)
were based on these 6 MQs.
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Keywording
using
abstracts

Screening
papers

Relevant Classification Systematic

papers scheme mapping

JMed Internet Res 2019 | vol. 21 | iss. 9| €14394 | p. 2
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Mapping questions.
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ID Questions

Rationale

MQ%L

MQ2 How hasthe frequency of studiesrelated to CH changed over time?
MQ3 What are the research types of CH studies?

MQ4 Are CH studies empirically validated?

MQ5 What are the approaches that were reported in CH research?
MQ6 What are the main topics and conditionsin CH literature?

Which publication channels arethe main targetsfor CHP research?

To identify where CH research can befound and to identify targets
for publication of future studies

To identify the publication trends over time of CH literature

To explore the different types of research reported in the literature
concerning CH

To discover whether research on CH has been validated through
empirical studies

To discover the CH approaches reported in the existing CH litera-
ture

To identify the research areas and health conditions discussed in
papers

3\ Q: mapping question.
BCH: connected health.

Search Strategy

As CH isinherently interdisciplinary, our goal was to use the
systematic mapping method to study research contributions on
thetopic across disciplines. We, therefore, searched papersfrom
the most recognized scientific literature databases in each of
the chosen disciplines.

The papers of the study were retrieved from 7 databases of
scientific literature, namely, (1) Institute of Electrica and
Electronics Engineers Xplore Digital Library, (2) Association
for Computing Machinery Digital Library, (3) ScienceDirect,
(4) SpringerLink, (5) MEDLINE and PubMed, (6) Business
Source Complete (EBSCO), and (7) ABI and INFORM
Collection (ProQuest), with the help of the corresponding search
engines. The search was performed in October 2018. Different
search strings were proposed and discussed over the course of
joint meetings to arrive at a set of primary keywords. Two of
the authors tested different strings of potential keywords such
as " Connect Health,” “Connecting Health,” “ Connect-Health,”
or “Connecting-Health.” After evaluating the search results, the
authors agreed to proceed using the following search strings:
(“Connected” AND “Health”) OR (“Connected” AND “-” AND
“Health”).

The search was applied to the title, abstract, and keywords to
include relevant papers. On the basis of our methodology, we
included a wide selection of papers on the first iteration and
thereafter relied upon the inclusion criteria and EC to identify
the relevant literature [13].

http://www.jmir.org/2019/9/e14394/

Paper Selection Criteria

The search results that were retrieved from the 7 chosen search
engines were merged in asingle list and saved in a spreadsheet
document. Duplicate entries were removed based on the digital
object identifier (DOI) and the intertitle lexical distance (the
Levenshtein metric was used to measure the lexical distance)
with the help of a custom Python script [14]. A total of 7 papers
had to be manually reviewed as potential duplicates.

Thefinal list of paperswasdistributed to al authorsfor analysis.
On the basis of the area of expertise, pairs of authors were
assigned to analyze papersretrieved from each database. A total
of 3 areas of expertise were identified as follows: technical
(computer science and engineering), medical, and business.
Each pair of authors reviewed the title, abstract, and keywords
and made a recommendation as to whether that paper should
be included or excluded. Discrepancies across coding teams
were resolved through further scrutiny of the paper.

Theinclusion criteriawere limited to studiesthat discussed CH.
In total, 240 papers were identified after the removal of
duplicates, whereas 32 papers were excluded after meeting at
least one of the following exclusion criteria: EC1—papers that
focus on CH comorbidities, that is, the paper discusses the
connection between health conditions, not CH as a concept;
EC2—papers that focus on law; EC3—papers that focus on
medical procedures only, without connection to CH; and
EC4—papersthat focus on evaluating climate but not in relation
to CH. Figure 2 presents the process of the study selection.
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Figure 2. Study selection process. ACM: Association for Computing Machinery; DB: database; DOI: digital object identifier; |[EEE: Institute of
Electrical and Electronics Engineers.
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Data Extraction Strategy

The selected studies were analyzed to collect information that
would give answersto the M Qs according to the data extraction
strategy outlined in Table 2 below.

Table 2. Dataextraction strategy.

Mapping questions

Description of classification categories

MQ*1
MQ2
MQ3

MQ4

MQ5

MQ6

Publication source and publication channel
Publication year

Research types [15]: evaluation research—real-world cHP approaches are implemented and undergo evaluation; solution
proposal—a new CH solution or a significant extension of an existing solution is proposed, and the evaluation of the solution
isbased either on empirical dataor theoretical argumentation; opinion paper—a CH study that is based on the personal opinion
of the author(s); review—studies that present areview of existing CH literature; other—the remainder of research types asso-
ciated with CH studies. Thisis assigned to studies where research type is either unknown or does not fall into one of the

af orementioned main categories (eg, experience papers, which express the personal experience of author(s) without providing
any scientific evidence to support it)

Empirical types[16,11]: case study—an empirical inquiry that investigatesa CH approach within itsreal-life context; survey—an
empirical inquiry method for collecting quantitative information concerning a CH approach, for example, a questionnaire; ex-
periment—an empirical method applied under controlled conditionsto evaluate a CH approach; history-based eval uation—nonem-
pirical studies evaluating CH approachesin previously completed projects; theory—nonempirical research approaches or the-
oretical evaluation of a CH approach; other—the remainder of CH studies that do not fit within the previous types

Contribution types: method—a manner of procedure and steps taken to acquire knowledge in CH; tool-based technique—a
technique based on a software tool to accomplish CH tasks; model—a system representation that allows CH to be investigated
through a hierarchical structure; framework—areal or conceptua structure intended to serve as a support or guide for CH;
other—the remainder of CH approaches. Thisincludes CH studies of approach not fitting other classes, along with very rare
approaches that have been grouped in this category to facilitate abstraction and visualization. The approaches grouped herein
are feasibility study, field research, process, guideline, and network analysis

Main topics and medical conditions

&Q: mapping question.

BCH: connected health.

MQ6 comprised 2 parameters: the topic of the paper and the relied on an open coding process where the researchers
medical condition examined within it. With regard to thetopic  conducting the analysis sel ected a descriptive word for the topic
of the paper, we did not have a predefined list of topics but  of the paper. To identify the main topics of theincluded papers,
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the authors relied on the title, abstract, and keywords. After
compiling all topic words, we curated the topic list to come up
with a consistent list (eg, using the same word for body-worn
sensors and wearables). Similarly, with regard to the medical
condition examined, no predefined classification was used that
allowed codersto assign the medical condition, if any, of each
CH paper. Again, the resulting condition list was curated to
develop a more consistent list (eg, using the same word for
ageing and elderly).

Synthesis M ethod

Karampelaet al

results, which have been used in the analysis; and (4) presenting
anarrative summary to discuss the principal findings.

Results

Overview

This section describesthe results related to the systematic MQs
presented in Table 1. MultimediaAppendix 1 givesan overview
of the classification results for all the included papers
[6-11,17-217]. Custom Python scripts have been developed to

process the classification data and generate the tables
(Multimedia Appendix 1) and figures (Figures 3 and 4) of this
section. The Pandas and the Matplotlib Python [218,219]
libraries were used to manipulate the tabular input dataand plot
the results, respectively.

The synthesis method used was based on the following steps:
(1) enumerating the number of papers per publication channel
and the number of papers per bibliographic source per year; (2)
enumerating the primary studiesthat are classifiedineachMQ'’s
response; (3) presenting visualizations for the classification

Figure 3. Publication trend per year—total number of connected health papers published per year; the number of papers reported for the year 2018 only
includes papers published until October 2018, with a projection of estimated papers based on linear extrapolation (presented as superimposed gray line).
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Mapping Question 1: Which Publication Channelsare
the Main Targetsfor Connected Health Research?

The majority of the CH papers were published in scientific
journals (139/208, 66.8%), whereas 32.9% (68/208) were
published in scientific conferences. Table 3 liststhe publication
forums that have published at least two CH papers.

Mapping Question 2: How Hasthe Frequency of
Studies Related to Connected Health Changed Over
Time?

Figure 3 presents the publication trend per year from 2000 to
2018. It must be noted that the analysis does not include the full
body of CH work publishedin 2018 as our search was performed
before the end of that year. We have added a projection for year
2018, estimating the total number of papers. Our projection
assumes that publication frequency would remain consistent
till the year end. As Figure 3 shows, there is a gap in
publications from 2001 to 2004. Less than 5 papers per year
were published until 2008, whereas from 2013 to 2017, the
number of publications rises steadily.

Mapping Question 3: What are the Resear ch Types of
Connected Health Studies?

Figure 4 shows the research types of the included studies. The
majority of the papers are solution proposal studies (77/208,
37.0%), 23.5% (49/208) of the selected studies evaluated CH
approaches, 20.6% (43/208) reviewed literature, 16.8% (35/208)
reported the opinions of authors about CH, and 1.9% (4/208)
of the papers analyzed were classified as other.

Mapping Question 4: Are Connected Health Studies
Empirically Validated?

Figure 4 presents our findings asto whether or not the included
studies were empirically validated and, if so, the empirical

http://www.jmir.org/2019/9/e14394/
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validation approaches used. The majority of the studies were,
infact, empirically validated. More specifically, 28.3% (59/208)
were validated in case studies, 26.4% (55/208) in controlled
experiments, and 13.4% (28/208) with surveys. Nonempirical
papersincluded, for example, those focused on theory (25/208,
12.0%) and those using history-based eval uation (11/208, 5.2%).

Mapping Question 5: What Are the Approaches That
Were Reported in Connected Health Research?

Figure 4 shows the wide range of approaches taken in the
included CH studies. The approaches most frequently reported
belonged to other categories (66/208, 31.7%), followed by
methods (56/208, 26.9%) and tool-based techniques (43/208,
20.6%). Only 10.0% (21/208) of the papers were classified as
presenting frameworks, with 8.1% (17/208) suggesting models.

Mapping Question 6: What Arethe Main Topicsand
Diseasesin Connected Health Literature?

Tables 4 and 5 present the results for the main topic and
condition of the included CH studies. Topics with fewer than
two occurrences have been omitted from Table 4. The most
common research topics of theincluded CH paperswere health
care (x16) and disease management (x13), followed by
telemedicine/telehealth  (x11) and electronic  health
(eHealth)/mobile health (x9). Table 4 lists all research topics
and their frequencies, whereas Table 5 lists the conditions and
their frequencies. As for the main conditions reported in our
study, diabetes (x12), aging (x10), cardiovascular diseases
(x10), cancer (x7), chronic diseases (x7), and dementia (x4)
were among the prevalent conditions found in the selected
studies.

JMed Internet Res 2019 | vol. 21 |iss. 9| el4394 | p. 6
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Table 3. Publication sources that have published 2 or more connected health papers.

Karampelaet al

Publication source References Number of pub-
lished papers
Studies in Health Technology and Informatics Topaz and Pruinelli (2017) [37], Wu et d (2017) [44], O'Neill eta (2012) 14
[73], Feied et a (2009) [81], Goossen (2017) [82], Singh and Kvedar
(2009) [84], Maglaveras et al (2016) [85], Saranto et al (2017) [96], Skiba
et a (2016) [101], Kreuzthaler et al (2017) [106], Goossen-Baremans et
al (2017) [107], Sermeuset a (2016) [110], Silvello (2018) [206], Tonheim
and Babic (2018) [207]
Journal of Medical Systems Wen (2013) [26], Das and Goswami (2013) [27], Santos et a (2016) [28], 9
Chang et a (2013) [29], Vlahu-Gjorgievska et a (2016) [57]
Xuand Wu (2015) [59], Lin et @ (2016) [65], Xie et a (2014) [80], Kim
and Lee (2014) [97]
Telemedicine and eHealth? Ford et al (2018) [31], McConnochieet a (2016) [41], Kvedar et al (2009) 7
[49], Aberger et a (2014) [72], Trout et a (2017) [90], Ternullo et &
(2013) [99], Kvedar et a (2009) [122]
IMIR® mobile health uHealth Wang et a (2018) [21], El Amrani et al (2017) [51], Dur et al (2018) [62], 7
Wang et a (2018) [64], Harte et al (2017) [77], Argent et al (2018) [100],
Sathyanarayana et a (2016) [108]
Health Affairs (Millwood) Frist (2014) [48], Kvedar et a (2014) [52], Iglehart (2014) [55], Weinstein 4
and Lopez (2014) [75]
JMIR Sperrin et a (2016) [9], Gay and Leijdekkers (2015) [39], Loiselleand 4
Ahmed (2017) [89], Agboola et a (2015) [115]
QIMS: An International Journal of Medicine Caulfield (2013) [88], Ansary et a (2013) [114], Agboola et a (2013) 4
[116], Caulfield and Donnelly (2013) [3]
Journal of Diabetes Science and Technology Watson et al (2008) [38], Watson et al (2009) [63], Pelletier et al (2011) 4
[78], Helal et a (2009) [109]
Journal of the American Academy of Audiology ~ Saunders and Jacobs (2015) [36], Krupinski (2015) [83], Gladden et a 3
(2015) [112]
JMIR Research Protocols Mountford et a (2018) [32], Wang et a (2018) [58] 2
International Journal of Medical Informatics Giunti et al (2018) [6], Karampela et al (2018) [11] 2
Maturitas Chouvardaet a (2015) [17], Stara et a (2018) [68] 2
JMIR Human Factors Harte et a (2017) [22], Harte et a (2018) [71] 2
Journal of Personalized Medicine Agboolaand Kvedar (2012) [7], Jethwani et a (2010) [35] 2
Revue del'infirmiere Warnet (2017) [18], Raymond and Léo (2017) [19] 2
In the 31st International Symposium on computer- Barbosa et al (2018) [138], Barbosa et a (2018) [189] 2
based medical systems
In the 14th International Conference on Telecom- Stari et a (2017) [135], Maramis et a (2017) [204] 2
munications
In Proceedings of the International Workshopon  Carroll and Richardson (2016) [172], Abdullah et al (2018) [183] 2
Software Engineering in Healthcare Systems
BMCY Medical Informatics and Decision Making Allaert et al (2017) [118], Tharmalingam et a (2016) [119] 2
IntheFirst International Conferenceon Connected Sinharay et al (2016) [132], Gawanmeh (2016) [194] 2
Health: Applications, Systems, and Engineering
Technologies
Journal of Evaluation in Clinical Practice Barr et a (2012) [50], Barr et a (2014) [103] 2
American Journal of Hospice and Palliative Aktas et a (2015) [54], Thomas et al (2017) [111] 2

Medicine

3eHealth: electronic health.

BIMIR: Journal of Medical Internet Research.
®QIM: Quarterly Journal of Medicine.
9BMC: BioMed Central.
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Table 4. Frequencies of the main topics associated with the reviewed articles; main topics with a single occurrence have not been included because of
space limitations (N=208).

Topics Frequency (%)
Health care 16 (7.6)
Disease management 13(6.2)
Telemedicine/telehealth 11 (5.2)
Electronic health/mobile health 9(4.3)
Monitoring 8(3.8)
Security 8(3.8)
Consumer health informatics 733
Sensors 6(2.8)
Information and communication technologies challenges 5(2.4)
Personal health devices 4(1.9)
Education 3(1.4)
Usahility 3(14)
Medical education 3(1.4)
Innovation 319
User-centered design 3(1.4)
Interoperability 319
Theinternet of things 3(1.4)
Software engineering 2(0.9)
Privacy 2(0.9)
Medication adherence 2(0.9)
Lifestyle coaching 2(0.9
Ageing 2(0.9
Personalization 2(0.9
Service delivery 2(0.9)
Elderly 2(0.9)
hittp://www.jmir.org/2019/9/e14394/ JMed Internet Res 2019 | vol. 21 | iss. 9| e14394 | p. 8
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Table 5. Frequencies of the target conditions associated with the reviewed articles; of note, only 77 of the reviewed articles have been mapped to a

target condition (N=208).

Condition Frequency (%)
No (condition) 131 (62.9)
Diabetes 12 (5.7)
Ageing 10 (4.8)
Cardiovascular diseases 10 (4.8)
Cancer 7(3.3)
Chronic diseases 7(3.3)
Dementia 4(1.9)
Multiple sclerosis 319
Stroke 2(0.9)
Mental health 2(0.9)
General health 2(0.9
Psychosis 1(0.4)
Chronic skin disease (psoriasis, dermatol ogy) 1(0.4)
Vital signs 1(0.4)
Stress 1(0.4)
Renal conditions 1(0.4)
Malaria 1(0.4)
Hemodialysis 1(0.4)
Dental issues 1(0.4)
Arrhythmia 1(0.4)
Obesity 1(0.4)
Palliative care 1(0.4)
Urinary incontinence 1(0.4)
Epilepsy 1(0.4)
Rheumatoid arthritis 1(0.4)
Glaucoma 1(0.4)
Blood transfusion service 1(0.4)
Hearing issues 1(0.4)
Environmental exposure 1(0.4)

Discussion

This section discusses the results and main findings of this study.
First, each mapping question is discussed in its specific
subsection. Finaly, the limitations of this study are discussed.
Principal Findings

Publication Channels

Publication channels provide information about how research
activities in CH have been established in the scientific
community. The results of this study show that the majority of
CH publications appear in peer-reviewed scientific journals
(139/208, 66.8%). Although both journals and conferencesaim

to disseminate research and contribute to the development of a
field, journalsaretypically considered more prestigious because

http://www.jmir.org/2019/9/e14394/

of manuscript review criteria and acceptance practices. In
addition, journals usually present more extended pieces of
research work and contribute toward the establishment of a
knowledge base for afield. Although the process of publication
islonger compared with conferences, journals potentially have
a larger impact in terms of visbility and audience reach
[220-222]. CH studies are often published in peer-reviewed
journalswith high impact factors, such asthe Journal of Medical
Systems, Sudies in Health Technology and Informatics,
Telemedicine and eHealth, and Journal of Medical Internet
Research. This indicates that CH research efforts to date have
focused on the establishment of a body of knowledge. On the
other hand, conferences offer a dynamic environment that
enabl es researchers to communicate with colleagues, exchange
research interests, and receive specialized feedback. Conference
publications could, therefore, be considered innovation-laden
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venues that denote the evolution of research in afield, as they
often facilitate the presentation of novel ideas based on
preliminary results. Conferences appear to be channels for the
introduction and establishment of innovative research to experts
of a particular area of research [220-222]. The first published
conference papers on the topic of CH appeared in 2016. In the
following two years, CH research was accepted and published
by two international conferences. This finding could indicate
efforts to further develop a research community to highlight
and nurture CH research. The establishment of the European
Network for the Joint Evaluation of Connected Health
Technologies research coordination program, the funding of
two Innovative Training Network CH projects (cancer:
activating technology for connected health [CATCH] and
connected health early stage researcher support system
[CHESS)), and the expansion of the European Connected Health
Alliance organization across Europe have all served to connect
stakeholders under the umbrella of CH [223-225]. This
coordination of effort has potentially led to theincrease in both
journal and conference publications as researchers cometogether
around a shared interest in CH.

Publication Trend

The papers matching our inclusion criteria, while spanning a
publishing period from 2000 to 2018, show that CH research
has attracted increasing attention since 2013. A publication gap
between 2001 and 2004 coincides with the infancy of the CH
field, likely reflecting the fact that the evolution of CH research
wasadow and gradual process underpinned by the fermentation
of experts from different academic disciplines. Overall, Figure
3 draws a very typical picture of the evolution of a research
field, with sporadic publications in the beginning followed by
an exponential increase in the yearly production of scientific
literature. One could argue that the discourse around personal
health records (PHRS) and patient services started around early
2000s, whereas the focus until that point had tended toward
classic telemedicine. The PHR concept, and the shift from
telemedi cine to patient-centered services may have then driven
the publication of CH-related papers. The growth of publications
after 2009 can be attributed to various factors. The emergence
of CH in the past decade coincides with a demographic shift
wherethe older populationisultimately projected to outnumber
the young people [226]. Thisincreasing aging population with
its chronic and degenerative diseases has been projected to exert
severe financia pressure on future hedth care systems
[226,227]. At the same time, the development of new
technologies hasfacilitated the promotion of CH solutions. The
proliferation of devices and apps enabled by internet of things
in health care over thelast decade [228], along with the adoption
of smartphones and wearables by everyday users, has
transformed health care delivery, enabling remote health
monitoring and personalization of health care services
[17,229,230]. Likewise, providers such as Amazon, Google,
Salesforce, International Business Machines corporation, and
Microsoft began to establish new data centersfor hosting cloud
computing apps in 2009 [231]. Taking that into consideration,
we could argue that the emergence and evolution of the CH
approach from 2009 onward reflects ademand for the provision
of CH services to exploit technological advances and bring
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together patients and stakeholders to “offer the correct
information to the correct person at the correct time” and make
better decisions for health and care [17]. In terms of eHealth
policies and regulations, the trends are consistent with the
development of the CH paradigm as, according to the World
Health Organization, the number of countries with eHealth and
teleheath policies or strategies has started to increase
significantly since 2009 [232].

Research Types

Our results show that CH researchers focused primarily on
suggesting novel solutions or extending existing research to
explain, identify, and provide details of the CH approach
(77/208, 37.0%). The 23.5% (49/208) of papers that centered
on evauation aso represent attempts to comprehend and
develop previous research through evaluating a solution with a
valid approach [13,15]. This leads us to conclude that much of
CH research is at adevelopment stage, where new conceptsare
proposed, developed, and evaluated to demonstrate their
potential value. However, the existence of a significant number
of literature reviews (43/208, 20.6%) indicates that there is
maturity in the discipline that allows reviews of the existing
research. Through these reviews, researchers aim to identify
the research gaps to drive the growth of future research
endeavors. If we view this finding alongside the publication
trend, which shows that the body of CH research grew over the
last few years, then we could argue that there is rapid growth
in this discipline. This argument is given weight by the
commission of European Union—funded projectssuch as CHESS
in September 2015 and CATCH in 2016 [223,224]. Another
factor to consider is that CH as a vision builds upon the best
possible utilization of health data. Therefore, the growth of CH
research can be considered to also be related to the availability
of relevant health data. From 2016 onward, the amount of
available networked datais more than 10.000 billion GB, almost
double the amount of available datain 2014 [233].

Empirical Studies

Our findings support the idea that over half of the CH studies
are based on empiricaly informed approaches. More
specifically, the majority of the solution proposals were
empiricaly validated with case studies (59/208, 28.3%),
followed by experiments (55/208, 26.4%), whereas 13.4%
(28/208) used surveys. Case studies have been shown to be
particularly suited to how and why questions, real-life contexts,
and the building of theory [234]. They offer an opportunity to
use real-time methodol ogies where the collection of data and
empirical material “takes place at the same time as such data
are unfolding and where events depend on each other in a
sequential order” [235]. In particular, case studies can offer an
“opportunity to observe and analyze a phenomenon previously
inaccessible to scientific investigation” [236]. This
predominance of case study approaches to the study of CH
reflects the relative immaturity of this field of research and a
need to build understanding and theoretical contributionsin the
areathrough better understanding of individual cases and their
contextual parameters. An experiment, on the other hand, is
predicated on the analysis of covariance and assumes that
participants can be assigned at random, that there are equal
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numbers of casesin each cell of the factorial design, and “ the
correlations between or among the independent variables of a
factorial design are zero” [237]. The high number of
experiment-based studies can be likely explained by the high
number of papers exploring specific technical solutionsthat can
be validated in controlled conditions. Thisraisesthe possibility
that CH researchers are channeled into empirical approaches
that have long been considered gold standard in engineering
and health research.

Approaches

The results for this MQ show that the majority of the included
papers belong to other types of studies (66/208, 31.7%), which
means that they used approaches that were not defined by our
classification scheme. This finding could arise from a variety
of factors. More than half of the included papers were from the
medical discipline, a fact that has given rise to classification
challenges, as reviewers were not able to fit them into one of
the defined categories. Although mapping studies are common
in the medical discipline [12], classifying research approaches
that spanned studies from different disciplines was difficult. A
more detailed classification scheme that incorporated
classification systems from al disciplines may have delivered
more preci se results but would have made aggregation difficult
and may have obscured any similarities across disciplines.
Methods (56/208, 26.9%) were reported to be among the most
frequent approaches, followed by tool-based techniques (43/208,
20.6%). This potentialy reflects both the relative immaturity
and the inherently interdisciplinary nature of thefield of CH at
this stage. Before researchers can develop models or frameworks
that might be applied to CH, they must come to an agreement
as to those methods and techniques that are both feasible and
acceptable across the new field. The interdisciplinary nature of
CH research makesit even moreimportant to focus on methods.
As Klein puts it; interdisciplinarity is “a means of solving
problems and answering questions that cannot be satisfactorily
addressed using single methods or approaches’ [238].
Researchers prefer, however, those methods that are traditional
to their discipline [239] and so time must be spent discussing
and agreeing to those methods and techniquesthat can span the
interdisciplinary boundaries of CH.

Research Topics and Conditions

Thetopic analysis showsthat technical and medical disciplines
dominate the research topics of the papers, with some references
to related disciplines such as education or innovation research.
The topic descriptions show a large body of papers discussing
measurement-based monitoring with sensors and wearables.
This reflects the fast development of body-worn sensors and
wireless communication methods that allow the transfer and
storage of large amounts of data for further analysis. Another
body of papersfocused on patient perspectivesin CH solutions
through a consumer viewpoint or user-centered design, which
might reflect an increasing interest in patient empowerment and
self-management solutions. The growth of CH as a research
field might al so reflect regul atory movestoward a data economy
whererulesfor using personal dataare clearer (eg, General Data
Protection Regulation). Related topicsincluded security, privacy,
and interoperability issues. It has been suggested that leveraging
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interoperable CH technologiesfor chronic disease management
can have multiple positive effects not only on patients but also
on clinical outcomes, thus contributing, for example, to the
promotion of outpatient care[87]. Although the implementation
of CH interoperable scenarios in real-life contexts, such asthe
Whole System Demonstrator Program in the United Kingdom,
had overall positive outcomes [87], issues related to security
and lack of data standardization are among the challenges yet
to be overcome [106,203].

Diabetes, cancer, and chronic heart conditions dominate the
medical conditions covered. This is unsurprising given that
these are leading health problems on the global stage [240].
This may also indicate that lifestyle-related conditions are
especialy suited to CH, as lifestyle changes require patient
empowerment and may benefit from technologies used for
unobtrusive measurement and personal health devices. Papers
discussing issues related to aging, including dementia and falls
were often present; among less common conditions, multiple
sclerosis seemed to draw more attention.

Limitations

Owing to the interdisciplinary nature of our topic, we used an
interdisciplinary team of researchers for anaysis. Having
researcherswith different backgrounds could decreaseinter-rater
reliability, especially where we did not have a predefined list
of values, as with the topic and condition parameters.
Nevertheless, for the analysis of results, the authorsrelied upon
the interpretation of descriptive statistics and visualizations,
thus decreasing the threat to validity. In the same vein, to
aleviate the authors' influence on the classification process,
the development of the classification scheme relied on widely
accepted guidelines[13]. The differences between content and
style of abstractsin different research disciplines and traditions
may have resulted in dlight differences in information retrieval
process. In some cases, the abstract did not include all
information needed to classify the paper, and the researchers
had to read parts of the full text to obtain all relevant
information. However, the vast majority of the 208 publications
identified have been classified purely based on thetitle, abstract,
and keywords. In our view, subtle differencesin the publication
screening process have had only minor impacts on the main
conclusions drawn from the 208 publications identified in our
study.

Thedifferencesin publication practices between the disciplines
probably had an influence on how the results of MQ1 were
interpreted, as the role of conference and journal publications
differs between disciplines [241]. For example, many highly
regarded conferences within the business discipline do not
publish conference proceedings (eg, European Group for
Organizational Studies). Indeed, even those conferences that
do publish proceedings may only do so for a subsection of the
best papers, and authors will still be offered the option of
removing their papers from those proceedingsto protect future
publishing opportunities (eg, Academy of Management). These
factors combine to mean that verbal discussions may well have
commenced within the business academic community in
conferences that are not reflected within our review asit deals
only with published material.
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As the methodology of the systematic mapping study that we
used in this research was originally developed in the context of
software engineering, it is likely that some of the analysis
parameters were less optimal in other disciplines. This is
reflected, for example, in the large number of studies classified
into the category other for the parameter approach. In thejoint
analysis meetings, the coding authors shared experiences of
their difficulties in classifying the papers within the agreed
analysis parameters. Alternative solutions were discussed, but
it was difficult to reach a consensus that would have been
satisfactory across disciplines. Ultimately, we decided to use
the classification parameters proposed by our methodology.
The validity of our conclusions is only applicable within the
CH context.

Tolimit thethreat related to the identification of primary studies
and to include as many relevant papers as possible, 2 of the
authors ran several iterations to test different strings of
keywords. The adoption of the final set of keywords was used
as it returned the largest number of studies. However, the list
of studies might be incomplete, as additional or different terms
might have an impact on the final selection of papers [242].
Nevertheless, in light of the interdisciplinary endeavor and the
scope of the study, we believe that we have included the
majority of therelevant literature. For the bibliographic search,
no timeframe was defined; hence, the representativeness of the
included studies was not affected by this factor. The results of
this study should be considered under the prism of the specific
search string and classification scheme and offer a baseline for
future endeavors.

Our search strategy and inclusion criteria have omitted studies
that are referenced in grey literature. However, the literature
search was conducted in the world's most leading and
comprehensive databases for scientific knowledge. Furthermore,
to alleviate the threat of publications' nonavailability because
of subscription paywalls, we performed the initial screening
using acombination of university librariesto improve our access
to papers. To address validity threats because of duplication,
duplicate entries were removed based on the DOI and the
intertitlelexical distancewith the help of acustom Python script,
which was ultimately manually reviewed to ensure duplicate
removal.

Conclusions

On the basis of our results, we can conclude that CH research
is an established field of research. The interdisciplinary nature
of the field can be seen especialy in papers at the intersection
of the medical and technical disciplines. The number of papers
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in the business research publication forums is still smaller.
However, business-related themes are visiblein topics of papers,
such as consumer orientation and innovation research, although
at a much smaller scale than the topics of more technical and
medical nature. For CH to succeed, money needs to move
differently around the health care system. Most devel oped health
care systems continue to reimburse care in a cure rather than a
prevention mode. Cutting-edge technologies and redesigned
care pathways may fail if they run contrary to the flow of health
care finance. Our findings emphasize the need to increase
business research in the area of CH or to find the vocabularies
and keywords necessary to link existing business research with
CH endeavors.

Thereisagrowing need to involve and engage patientsin their
own care and, by extension, in the design of digital solutions
to improve their efficacy. Tailored CH interventions may more
effectively reach the intended audience in a meaningful way,
but thisrequiresin-depth understanding of the condition’s needs,
barriers, and facilitators. The important role that health care
professionals play in the health care system isin contrast with
their lack of involvement inthe design of CH. Inthe samevein,
recent research suggeststhat health care professiona s’ education
in Europe is lacking in the area of health care information
technologies [243]. Emerging trends such as user-centered
design and the inclusion of patient representatives attempt to
addressthese problemsby creating CH solutionsthat aretailored
to the characteristics and tasks of the intended users. Adoption
of these and similar approaches could further the field of CH
research and implementation.

Given that CH research has become far more widespread in the
years since 2013, perhaps it is time to devote more research
resources to the scalability of CH as reflected in empirical
approaches that facilitate the use of larger populations.

We see our findings as the foundations of a research roadmap
for CH researchers that challenge current thinking in health
care. Such a research agenda would go beyond investigations
into the feasibility of individual technical solutionsto examine
and develop ecosystems of stakeholders, technologies, and
infrastructures that together form new kinds of systemic
solutions. Such an agendawould require morefocuson research
that addresses interdisciplinary methodological questions
alongside the creation of vocabularies and frameworks for
researchers working in different disciplines to effectively
collaborate and examine interdisciplinary research questions
through joint methodological approaches.
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