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ABSTRACT Disruptive technology, blockchain is propelling a technological intervention in healthcare
due to its unique features and advantages. The healthcare industry is migrating to Health 4.0. Therefore,
peer-to-peer (P2P) transactions in a decentralized and distributed manner makes blockchain more lucrative
to serve the needs of the healthcare industry of today. The revolutionary system, blockchain has been
discussed in the field of healthcare over the past five years. Hence, a systematic investigation of the existing
body of knowledge concerning blockchain research in healthcare is essential. The motivation of this study
is to support further studies based on the current research trend analysis via graphical visualization and
bibliographic material analysis. Therefore, this study maps the expansion of scientific and academic research
conducted concerning blockchain that is relevant to healthcare by utilizing a bibliometric analytic method
to understand the state of the art. Bibliometric statistics were utilized to analyze current scientific articles
published in the Scopus database from 2016 to 2019. In addition, an overview of the publication trends over
the first three months of 2020 was undertaken to understand the research trend for the current year so far. The
study serves the purpose of mapping research development trends in healthcare. The outcome discovered
some beneficial insights such as the yearly trend of publications, top listed authors, institutes, countries,
and publishers from around the world. Moreover, this article assists scholars in developing a theoretical
framework to provide a primary source of reference for further studies regarding blockchain technology in
the healthcare domain.

INDEX TERMS Blockchain, bibliometric analysis, health 4.0, healthcare, scopus database.

I. INTRODUCTION
Satoshi Nakamoto introduced blockchain as ‘‘A Peer-to-Peer
Electronic Cash System’’ a decade ago in the financial sector
as a cryptocurrency termed as bitcoin. Since then, the decen-
tralized sharing mechanism of blockchain has attracted the
attention of researchers [1]. Blockchain has gone through
three stages of evolution known as Blockchain 1.0, 2.0,
and 3.0. Blockchain 1.0 and 2.0 focused on finance (bit-
coin, cryptocurrency) and transaction (register, confirmation,
and contracts or property transfer) respectively. However,
other than finance and goods transactions, the evolution
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of blockchain 3.0 also includes applications for education,
government, science, and healthcare [2]. The revolution
of blockchain 3.0 has conveyed hope for the healthcare
industry [2], [3]. Therefore, health researchers have started
looking forward to fully embark on discovering the advan-
tages of blockchain technology (BcT) to combat existing
issues in the healthcare industry.

The healthcare industry has started to shift from a conven-
tional infrastructure to a health information technology (HIT)
based infrastructure since the early 90s [4]. This push has con-
tinued to evolve as the world enters the era of the Industrial
Revolution 4.0 (IR 4.0). The Health 4.0 concept is derived
from IR 4.0. Health 4.0 aims to deliver patient-centric care
through establishing trust among the stakeholders, facilitating
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improved data management, developing a sharing mecha-
nism, and safeguarding trust and security issues [5]. This
unique setting with various stakeholders such as doctors,
nurses, researchers, patients, insurance providers, and suppli-
ers makes the health care delivery process more complex [6].
The combination and unified communication among mul-
tiple stakeholders generate this complexity. Consequently,
stakeholders of the healthcare industry end up carrying a
double burden of conventional and non-conventional prob-
lems regarding the delivery of convenient patient-centric care
services.

Conventional issues have increased due to the number of
patients measured against constrained resources, the chang-
ing nature of diseases, and the high number of elderly
patients. Unconventional issues on the other hand involved
data management of patients including increased data frag-
mentation, data storage and sharing as well as mainte-
nance of the privacy of medical data for patient-centric care
delivery [7].

Blockchain as a decentralized distributed ledger tech-
nology has numerous advantages over the traditional
internet-based system of the early 90s. Blockchain estab-
lishes a collective, encoded archive that is impossible to
amend which holds a time-series in data, thus, ensuring trans-
parency and irreversibility [8], [9]. Moreover, BcT makes the
decision-making process seamless through allowing concur-
rent assessment by each stakeholder involved, which accord-
ingly increases trust [8]. These features of BcT are believed to
have the capability of solving current issues facing the health-
care industry [10]. Therefore, research trend analysis of BcT
in healthcare is needed to understand the state of the art [6].
A minimal number of studies have recognized the systematic
development of scholarly publications or historical assess-
ments [11]. To the best knowledge of the authors, the only
bibliometric study of BcT in healthcare was undertaken by
Chukwu, E., & Garg, L. [6]. Presently, the literature showed
that all chronological and growth patterns of an article in
this field are available mostly in a narrative form [11]. The
literature provides theoretical analysis without any statistical
evaluation of the research trends. [11], [12].

Moreover, literature reviews are subjected to bias in terms
of description and the expansion trend of a specific research
area [11]. This gap motivates the current authors to proceed
with further analysis by applying a bibliometric analytic
approach to determine the existing literature gap and high-
light other existing gaps. Thus, the current study employed
a bibliometric analytic approach to fill this gap. Specifi-
cally, the motivation to peruse a bibliometric study on BcT
in healthcare is to distinguish quantitative variances among
its alternates and to specify a universal perspective of the
state, scope, and effect of available research. The goal is
also to propagate across the academic community with an
empirical approach capable of complementing and extend-
ing research programs [13]. A bibliometric study will direct
scholars in mapping research trends in a specific area of
interest [14], [15]. Hence, this study illustrates an outline of

the latest development in the body of knowledge of BcT in
the healthcare domain. It also intends to highlight prominent
institutions and authors including their affiliation as well
as countries that are actively involved in BcT-based HIT
research. Although a hybrid methodology of bibliometric
analysis may also have been pursued, it is primarily held
as bibliometric [14]. To this end, the study provides a bib-
liometric overview of the work results to date, presenting a
graphical illustration of the bibliographic material extracted
from the VOSviewer software [14]. Furthermore, this study
highlights a few research gaps based on the analytic findings
and suggests further research directions that can be insightful
for future research.

II. METHOD
Bibliometric analysis is a study relating to the field of library
and information sciences which investigates bibliographic
content by employing quantitative techniques [12]. In 1969,
Alan Pritchard initiated the concept of bibliometric analysis.
In fact, this method of analysis in a certain field of study has
existed since the 19th century [14]. Years back, researchers
accomplished the data collection process manually for bib-
liometric analysis [13]. The advancement of information and
communication technology has expedited and facilitated the
growth of bibliometric analysis studies through faster access
to scholarly materials in certain fields of interest to the
researchers [13], [14].

A bibliometric investigation study is a systematic approach
to determine research trends in a specific area of inter-
est based on scholarly articles published in scientific
databases [3], [11], [12], [14]. The analysis involves sev-
eral methodologies to visualize the qualitative and quan-
titative changes in a specific field of research [3], [13].
Bibliometric analysis is a potential method that drafts pre-
vious studies, considers the development of the studies, and
at the same time, supports the progression of prospective
lines of study through its indicators [13], [14]. This ana-
lytic approach assists researchers to evaluate and critique
the status of the scientific research in a subject area. The
objective of bibliometric analysis is to identify the progress
and the challenges of a current phenomenon of interest
through an understanding of the characteristics of scien-
tific publications [13], [14]. The above characteristics have
encouraged the use of bibliometric techniques in various
disciplines. Numerous business and management fields of
research have been predominantly studied from this per-
spective such as economics, econometrics, innovation [12],
sustainable transportation, city logistics, waste manage-
ment [13], management, social entrepreneurship, interna-
tional entrepreneurship, business incubator [13] corporate
social responsibility, international scientific cooperation,
knowledge management, education, and medicine [13], [14].
In addition, some publishers have recently accepted this
approach to provide an outline of their publications. For
example, the Journal of Business Research, the European
Journal of Marketing, the International Journal of Physical
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Distribution and Logistics Management, the International
Journal of Uncertainty, Fuzziness and Knowledge Based Sys-
tems, or Information Sciences all use this method to analyze
the characteristics of scholarly publications [13].

Nevertheless, the investigation of a specific research inter-
est is not the sole aim of bibliometric analysis. This study uses
the technique to investigate the consequences of a systematic
method to recognize the interactions between the cause and
effect of publication trends in BcT in healthcare [14].

A. DATA SOURCING STRATEGY
Elsevier declared Scopus as the main scientific database
of multidisciplinary research literature and computational
methods. According to the Scopus website, the archive
includes more than 69 million publications and comprises
34, 346 peer-reviewed papers assessed and approved by
the Content Selection and Advisory Board (CSAB) for
acceptance or rejection in [3]. Data mining took place
between March 31 and April 1 2020. The area of interest
of the researchers was blockchain applications in health-
care. Therefore, the search central theme was (‘‘Blockchain’’
AND healthcare). The data search included two sections.
In Section A, the search query string was: TITLE-ABS-KEY
(‘‘Blockchain’’ AND healthcare) AND (EXCLUDE
(PUBYEAR, 2020)) AND (LIMIT-TO (DOCTYPE, ‘‘ar’’))
AND (LIMIT-TO (LANGUAGE, ‘‘English’’)).

The oldest article found was from 2016 and the latest
articles were from 2019. Articles published during the current
year were excluded since 2020 has yet to be completed.
This search resulted in a total of 127 documents. Reviews
and a few other papers were excluded after evaluating the
abstract, keywords, and full-text due to the terms mentioned
such as editorial, highlights, interview, and systematic review.
Some 38 documents were potentially found to be irrelevant
to this study. To optimize the search outcomes, unpublished
reports, working papers, and duplicates that could have more
than a single combination of keywords were omitted in
this phase [3]. Electronic Identification (EID) is a unique
digital identifier used by Scopus. Therefore, 89 articles
were retained for further analysis. The EIDs of the selected
38 articles were listed and inserted in the search string of
Scopus to ensure exclusion of those documents from the
CSV file as shown in Figure 1. For Section B, the data was
collected from Scopus with same search string, but the search
was limited to only 2020 to view the number of publications
from January to March 2020.

B. BIBLIOMETRIC MAPS
The VOSviewer is a bibliometric analysis tool. This soft-
ware was developed by the Centre for Science and Tech-
nology Studies, Leiden University, The Netherlands. Items
such as author keywords and countries were used to create
a map in VOSviewer for this study. This software collects
bibliographic data and provides graphical maps in terms
of bibliographic coupling, co-citations, co-authorship, and
author keyword co-occurrences [12]. Therefore, the citation

FIGURE 1. PRISMA flow diagram of data collection based on central
search theme.

details, author keywords, and bibliographical data were
extracted from the Scopus database for the creation and
visualization of the bibliometric maps. Information of the
89 Articles in the CSV file format was transferred to the
‘‘VOSviewer’’ Software version 1.6.14. The items are also
known as an object of interest. Any two items may be
interlinked, which have a strength (a curved line represents
an interlink in the VOSviewer). A positive arithmetic value
denotes the strength of the link. A high value indicates a
high link strength. Co-authorship refers to the number of
journals published by two countries with affiliations and co-
authors. Link strength designates the overall strength between
the two countries. Link strength in co-occurrence analysis
means the number of journals in which two keywords appear
together [16].

C. ANALYSIS OF CO-AUTHORSHIP
Co-authorship measures the most efficient set of docu-
ments and those with a maximum degree of mutual publica-
tions [12]. In co-authorship analysis, a bibliometric network
reflects the links among scholars, research organizations, and
countries grounded on the quantity of journals they have
authored conjointly. The bibliometric map of co-authorship
from the VOSviewer using author names showed three clus-
ters, as indicated in Figure 2. ‘‘A cluster is a set of closely
related nodes. Each node in a network is assigned to exactly
one cluster. The number of clusters is determined by a res-
olution parameter’’ [17]. An example of the interpretation
of Figure 2 is that author Ouyang I. (as mentioned in the
overly visualization view of the VOSviewer) belonging to
cluster 1 has 9 links, 12 strengths, and 2 documents with
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FIGURE 2. Bibliometric map of co-authorship from VOSviewer using author names.

FIGURE 3. Bibliometric map of co-authorship from VOSviewer using country.

an average year of publication of 2018.50 (mid of 2018).
Similarly, author Wang S., from cluster 1 has 15 links,
18 strengths, and 3 documents with an average year of publi-
cation of 2018.67 [18]. Again, the link strength between the
authors is 2.

Figure 3 illustrates that 30 out of 52 countries have 62 links
with a total link strength of 73. Therefore, in terms of
co-authorship analysis, this study included 30 countries with
affiliation. The link strength between the United States and
the United Kingdom is 3. In the case of Malaysia and Japan,
the link strength is 1. The higher the link value, the higher the
link strength.

2) ANALYSIS OF CO-OCCURRENCE OF AUTHOR
KEYWORDS

Co-occurrence of author keywords analyzes keywords
that appear in articles more often, typically below the
introduction, and keywords that exist in the same doc-
uments [12]. This study analyzed 294 author keywords
from 89 articles. It is noteworthy to mention that this

study considered author keywords, not index keywords.
The VOSviewer recorded 294 author keywords, while the
minimum number of co-occurrences of a keyword was
set to 5, only 8 keywords (3%) met the threshold of the
294 keywords. Additionally, with the minimum number of
co-occurrence of a keyword set to 4 and 3, 16 (5%) and
29 (9%) of the keywords met the threshold, respectively.
Figure 4 illustrates the overlay visualization mode of author
keywords where the least number of occurrences was set to
two, which met the threshold of the 51 keywords.

A few keywords represented the same thing. For example,
EHR or ehr is the short form of Electronic Health Record.
Again, IOT refers to the Internet of Things. Therefore, during
analysis, the researchers removed a few keywords with the
same meaning. Other than blockchain (65 times), the 10 most
frequently used author keywords were: healthcare (12 times),
smart contacts (10 times), internet of things (9 times), security
(9 times), decentralization (7 times), privacy (7 times), and
e-health (4 times).
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FIGURE 4. Bibliometric map of author keywords from VOSviewer.

FIGURE 5. Research articles published on Scopus from 2016 to 2019.

According to [19], ‘‘keyword analysis of publications pro-
vides an effective way not only to investigate the knowl-
edge structure of research domains, but also to explore the
developing trends within domains’’. The findings from the
author keyword analysis concluded that privacy, security,
and decentralization are a significant part of the study of
blockchain in healthcare. Moreover, diverse literature reflects

different subtopics of blockchain technology and offers room
for further research in this field.

III. FINDINGS AND ANALYSIS
A. DATA SOURCING STRATEGY
Figure 5 presents the number of scholarly articles concern-
ing BcT in healthcare that have been published per year on
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TABLE 1. The top 5 journals and publishers and the number of publications published from 2016 to 2019.

Scopus from 2016 to 2019. The Blockchain concept was
first introduced in 2008 [16], [18]. Researchers have started
exploring the potential of BcT beyond the financial sector
since 2010. Consequently, the application of BcT for data
management has evolved from the field of finance to other
fields [19]. Research articles (Qualitative, Quantitative, and
case study) on the Scopus database specific to BcT in the
healthcare domain can be found from 2016. The number of
publications in 2016 and 2017 was negligible. However, the
number swiftly increased from 2018 onwards. This increase
in the trend of BcT research indicates that this technology
is going to remain relevant in the future. BcT is still at the
infancy level. Therefore, it has research gaps that need to be
addressed and studied specifically in the healthcare domain
since technology is emerging in Health 4.0.

The analysis showed that most of the articles applied a
qualitative approach and focused on architecture or model
development. The findings of this current study highlighted
two major gaps: quantitative study was lacking and accep-
tance or readiness with respect to this disruptive technology
has yet to be addressed.

Several BcT-based architecture formats should utilize the
unique advantages of the technology. Blockchain-based med-
ical data sharing projects such as GuardTime, MedRec,
Carechain, MedicalChain, and Dovetail have already been
tested using prototypes [10]. It can be concluded that quali-
tative studies are progressing accordingly, and further studies
can look for potential solutions to implement cost [22], scal-
ability, and security issues of BcT [9] from the technical or
technological perspective.

Most of the articles were qualitative and based on novel
architecture development proposing models and prototypes.
Healthcare researchers have developed several BcT-based
architecture formats to utilize the unique advantages of
the technology. At the same time, other than the tech-
nological or technical aspects, issues related to environ-
mental support and human elements need to be dealt.
End-users will ultimately utilize any novel system in the end.
Therefore, the successful implementation and sustainability

of HIT depends on the end-users. The novelty of a sys-
tem needs to be accepted, understood, and appreciated by
the end-users. The authors in [23] claimed that a concep-
tual approach to assess user acceptance of technology-based
healthcare services would be insufficient. Technologies in
the healthcare domain may be technically moving faster,
but due to the gap between the technological features and
the expectations of end-users, the expected outcome remains
unachieved.

Consequently, the authors in [23] highlighted that the lack
of willingness on the part of end-users to adopt technology
as the main obstruction towards successful HIT implemen-
tation. The findings concerning user acceptance would be
expected to be as generalized as possible. Therefore, quan-
titative research of BcT in the healthcare domain is neces-
sary [23] to address the intention of end-users with respect to
BcT adaptation [24].

B. JOURNALS AND PUBLISHERS
Healthcare journals that publish BcT-related papers can
be identified through this analysis. Furthermore, it enables
researchers to understand the motivation of each journal.
Table 1 presents the 5 most prominent journal names that
publish papers concerning BcT. The analysis demonstrated
that IEEE Access was leading the list with 13 publications
in this area. The Journal of Medical Systems published
5 articles since 2016. Applied Sciences Switzerland,
Electronics Switzerland, and Future Generation Computer
Systems each published 4 documents up to 2019.

C. LEADING INSTITUTIONS AND TERRITORIES
Figure 6 shows the top ten institutions affiliated with BcT in
healthcare study. A total of 160 institutions were identified
as having contributions in this field. Based on the number
of publications, Figure 6 demonstrates that the University
of Electronic Science and Technology of China published
4 articles followed by the Electronics and Telecommunica-
tions Research Institute, the Chinese Academy of Sciences,
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FIGURE 6. Number of publications by top 10 institutions around the world.

and Xidian University, each with 3 publications. The remain-
ing 6 institutes each had 2 publications. The publication result
calculation method differed from institution to institution.
Therefore, the number of publications may differ between
institutions.

Additionally, institutional and expenditure support may
vary among universities. Consequently, several high impact
journal publications were found to be affiliated with institu-
tions that provide appropriate reward and human resource-
related support. In other words, institutions with many high
impact journal publications were nurturing research activities
through providing comparatively better financial research
assistance or reward mechanisms than the others.

Figure 7 represents the number of publications by the
top 10 countries. The United States of America published
25 journals concerning BcT in healthcare since 2016. China
ranked 2nd with 20 publications followed by South Korea,
ranked 3rd with 12 published journals. The publication
activity of other countries in this area is as follows: India
(11 publications), United Kingdom (8 publications), Canada
(6 publications), Australia (5 publications), and Pakistan and
theUnitedArab Emirates each published 4 journals.Malaysia
ranked 10th with 3 published journals. Most of the publica-
tions were from the United States and China since the major-
ity of the Scimago Journal & Country Rank (SJR) journals
originated from those two countries.

The United States, China, South Korea, the United King-
dom, Canada, Australia, and the United Arab Emirates
are developed countries. India and Pakistan, being middle
income developing countries were ranked 4th and 8th. On the
other hand, considering the economic perspective, Malaysia
may be a high-income developing country positioned before

India and Pakistan. The country is striving towards Vision
2020 that aims to enter the ‘‘Information Age’’ which ends
by this year. Since the 6th Malaysia plan, the government
has been pushing technology to reform healthcare service
delivery. The initiative includes the establishment of a Health
Information System (HIS) for Health Information Exchange
(HIE) since 1993 followed by a telehealth project originating
in 1996 [25]. The current focus is to implement Electronic
Medical Records (EMR) in all public hospitals (government-
owned) in the country. Despite the Hospitals Information
Technology (HIT) initiative, Malaysia was ranked 10th in
this study for research activity in BcT in healthcare. In line
with the country’s Vision 2020, Malaysia should fast forward
research activity in the HIT field. Malaysian institutes and
researchers should collaborate with other countries and insti-
tutes that have been listed in this study for better research
outcomes.

D. LEADING AUTHORS
Some 15 of the most prominent authors of BcT in the health-
care area were affiliated to 10 countries around the world.
The affiliations were as follows: China (6 authors), South
Korea and Australia (2 authors for each country), and Qatar,
Australia, Pakistan, South Korea, United States, South Korea,
Singapore, Canada (1 author for each country). The first
journals of the authors were published from 1989 to 2019.
Author Niyato, D. from Singapore, ranked number 1
according to this study with 502 publications since 2005,
66 h-index, and 17,855 citations. The 2nd and 3rd leading
authors, Guo, R. and Ouyang, L., are affiliated with Edith
Cowan University, Australia and the University of Chinese
Academy of Sciences, China, respectively. Based on the
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FIGURE 7. Number of publications by top 10 countries around the world.

information provided by the Scopus database, this analysis
lists the top 15 Authors, as shown in Table 2.

E. BcT RESEARCH SUBJECT AREAS UNDER THE
HEALTHCARE DOMAIN
This study only considered publications related to blockchain
and healthcare. Figure 8 demonstrates the subject areas
(in percentages) of this study under the healthcare domain.
The highest number of publications of BcT were from the
Engineering field such as computer science, engineering,
material science, chemical engineering, physics, and astron-
omy, which occupied 70%. Publications frommedical subject
areas, including biochemistry, genetics, and molecular biol-
ogy as well as medicine, encompassed 13%. Other subject
areas covered 5% of the publications. The social sciences
consisting of health professions, social science, and business
management and accounting were mostly conducted as a
quantitative study and only made up 12% of the total publica-
tions which analyzes user’s acceptance factors. This analysis
validated the findings from Section A that there is a la in
quantitative study and the acceptance factors of an individual
in terms of human element and environmental support.

F. RESEARCH TRENDS IN BcT FROM JANUARY TO
MARCH 2020 IN THE HEALTHCARE DOMAIN
Section B of the data search retained data from January to
March 2020. A total of 84 papers were published in the

English language over this time span. The highest number
of publications was research articles (32 publications). Other
categories of publication included reviews and conference
papers (13 publications in each category), followed by book
chapters and conference reviews (10 publications in each
category) as shown in Figure 9.

The study found 89 articles within a four-year time frame
from 2016 to 2019 in Section A, while 32 articles were
published within the first three months of 2020 (Section B).
This comparison of the volume of publications proved that
BcT is a hot topic of research in the healthcare domain.

G. LIMITATIONS OF THE STUDY
The study only considered ýthe Scopus database to map out
the research trends in BcT for healthcare. Since the interest of
the researchers was to only look for BcT research trends in the
healthcare domain, BcT studies conducted in other areas such
as banking and finance, agriculture, and computer science
were disregarded. A confined search of ‘‘Blockchain’’ AND
healthcare within titles and abstracts made the search so
narrow that the result may have overlooked potential studies
from other fields regarding BcT study. It is possible that some
papers did not appear in the search result due to the use of
different terms such as distributed ledger technology instead
of Blockchain and EMR, HER, HIS, or ICT as an alternative
for healthcare. During the data search, the authors limited
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TABLE 2. List of top 15 authors.

FIGURE 8. Diverse nature of BcT research subject areas under the
healthcare domain.

the papers to only select the ones that are written in the
English language. For optimum global visibility and atten-
tion, research with significant results would have undoubt-
edly been sent to English-language journals – the logic behind
such a choice. Moreover, only the first author of each paper

FIGURE 9. Documents published in Scopus from January to March 2020.

was taken into consideration [26]. Thus, English language
bias and first author bias can be considered as limitations.
A fundamental limitation of this study is that it focused only
on scholarly articles extracted from the Scopus database.
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Co-occurrence analysis of author keywords revealed only
87% of 89 articles because of missing author keyword infor-
mation provided by journals [16]. The researchers in [6]
mentioned the potential of non-scholarly publications such as
blockchain implementation at the ‘‘Estonia national level,’’
where the data was available only on the project website.
Those researchers argued that scientific publication trend
analysis overlooks such project reports, which may be con-
sidered a limitation of the analysis since non-scholarly yet,
upcoming practical projects were not counted. It is notewor-
thy to mention that the outcomes of the bibliometric analysis
are very vigorous and changes periodically with the entry of
new articles in scholarly databases [12]. Consequently, future
studies are very much appreciated after a while due to the
nature of the analysis method. Furthermore, future studies
may consider a comparison of the results from different
scholarly databases such as Web of Sciences and Scopus.
It is recommended to redesign the search strategy for an
in-depth insight into the research trends in this field. Due
to the nature of the database itself, the outcome may be
different. Therefore, the data search strategy can be redefined
by utilizing the multi-method approach of the search strategy
for a more comprehensive study.

IV. CONCLUSION
The study investigated the growth of scientific and aca-
demic publications of BcT in healthcare based on the arti-
cles published in Scopus. Analysis of the author’s key-
word co-occurrence was conducted using the analytic tool,
VOSviewer. Moreover, the study illustrated an overview
of research development that demonstrates to what extent
BcT has been propelling publication trends in the healthcare
domain since 2016. The rapid growth of scholarly studies
can be anticipated to increase. The study has identified a
few countries and institutions that are actively involved in
research in this field. Authors or institutions from other coun-
tries can extend their collaborative links with their colleagues
in various institutes that are active in this field. Due to the
characteristics and potential of BcT, it can become a hot topic
for future research. Constant exertion to search is required
for adequate, affordable, and available healthcare facilities to
guarantee quality in healthcare.

ACKNOWLEDGMENT
The authors would like to thank Azman Hashim International
Business School of Universiti Teknologi Malaysia (UTM),
for acknowledging and supporting this research.

REFERENCES
[1] D. Dhagarra, M. Goswami, P. R. S. Sarma, and A. Choudhury, ‘‘Big data

and blockchain supported conceptual model for enhanced healthcare cov-
erage,’’ Bus. Process Manage. J., vol. 25, no. 7, pp. 1612–1632, Mar. 2019.

[2] G. Chen, B. Xu,M. Lu, andN.-S. Chen, ‘‘Exploring blockchain technology
and its potential applications for education,’’ Smart Learn. Environ., vol. 5,
no. 1, p. 1, Dec. 2018.

[3] S. Miau and J.-M. Yang, ‘‘Bibliometrics-based evaluation of the
blockchain research trend: 2008–March 2017,’’ Technol. Anal. Strategic
Manage., vol. 30, no. 9, pp. 1029–1045, Sep. 2018.

[4] R. S. Evans, ‘‘Electronic health records: Then, now, and in the future,’’
Yearbook Med. Informat., vol. 25, no. 1, pp. 48–61, 2016.

[5] C. Chute and T. French, ‘‘Introducing care 4.0: An integrated care
paradigm built on industry 4.0 capabilities,’’ Int. J. Environ. Res. Public
Health, vol. 16, no. 12, p. 2247, Jun. 2019.

[6] E. Chukwu and L. Garg, ‘‘A systematic review of blockchain in health-
care: Frameworks, prototypes, and implementations,’’ IEEE Access, vol. 8,
pp. 21196–21214, 2020.

[7] D. V. Dimitrov, ‘‘Blockchain applications for healthcare data manage-
ment,’’ Healthcare Informat. Res., vol. 25, no. 1, pp. 51–56, 2019.

[8] C.-S. Yang, ‘‘Maritime shipping digitalization: Blockchain-based technol-
ogy applications, future improvements, and intention to use,’’ Transp. Res.
Part E, Logistics Transp. Rev., vol. 131, pp. 108–117, Nov. 2019.

[9] Z. Zheng, S. Xie, H. Dai, X. Chen, and H. Wang, ‘‘An overview
of blockchain technology: Architecture, consensus, and future trends,’’
in Proc. IEEE Int. Congr. Big Data (BigData Congr.), Jun. 2017,
pp. 557–564.

[10] G. Leeming, J. Cunningham, and J. Ainsworth, ‘‘A ledger of me: Person-
alizing healthcare using blockchain technology,’’ Frontiers Med., vol. 6,
p. 171, Jul. 2019.

[11] A. Abdullah, W. Waemustafa, and H. M. Isa, Disclosure of Information
in the Company Annual Reports: A Bibliometric Analysis, vol. 2, no. 2.
Penang, Malaysian: CSRC Publishing, 2017, p. 66.

[12] F. J. Martínez-López, J. M. Merigó, L. Valenzuela-Fernández, and
C. Nicolás, ‘‘Fifty years of the European journal of marketing: A bib-
liometric analysis,’’ Eur. J. Marketing, vol. 52, nos. 1–2, pp. 439–468,
Feb. 2018.

[13] M. Gaviria-Marin, J. M.Merigo, and S. Popa, ‘‘Twenty years of the journal
of knowledge management: A bibliometric analysis,’’ J. Knowl. Manage.,
vol. 22, no. 8, pp. 1655–1687, Dec. 2018.

[14] N. Roig-Tierno, T. F. Gonzalez-Cruz, and J. Llopis-Martinez,
‘‘An overview of qualitative comparative analysis: A bibliometric
analysis,’’ J. Innov. Knowl., vol. 2, no. 1, pp. 15–23, Jan. 2017.

[15] R. Ren, W. Hu, J. Dong, B. Sun, Y. Chen, and Z. Chen, ‘‘A systematic
literature review of green and sustainable logistics: Bibliometric analysis,
research trend and knowledge taxonomy,’’ Int. J. Environ. Res. Public
Health, vol. 17, no. 1, p. 261, Dec. 2019.

[16] J. M. Khudzari, J. Kurian, B. Tartakovsky, and G. S. V. Raghavan, ‘‘Bib-
liometric analysis of global research trends on microbial fuel cells using
scopus database,’’ Biochem. Eng. J., vol. 136, pp. 51–60, Aug. 2018.

[17] N. J. Van Eck and L. Waltman, ‘‘Visualizing bibliometric networks,’’
in Measuring Scholarly Impact. Cham, Switzerland: Springer, 2014,
pp. 285–320.

[18] N. J. Van Eck and L. Waltman, VOSviewer Manual. Leiden,
The Netherlands: Univeristeit Leiden, 2013, ch. 1, sec. 1, pp. 1–53.

[19] K. Hu, H. Wu, K. Qi, J. Yu, S. Yang, T. Yu, J. Zheng, and B. Liu,
‘‘A domain keyword analysis approach extending term frequency-keyword
active index with Google Word2 Vec model,’’ Scientometrics, vol. 114,
no. 3, pp. 1031–1068, Mar. 2018.

[20] K. Ito, K. Tago, and Q. Jin, ‘‘I-blockchain: A blockchain-empowered
individual-centric framework for privacy-preserved use of personal health
data,’’ in Proc. 9th Int. Conf. Inf. Technol. Med. Edu. (ITME), Oct. 2018,
pp. 829–833.

[21] A. H. M. Amin, J. F. Alqatawna, S. Paul, F. N. Kiwanuka, and
I. A. Akhtar, ‘‘Improving event monitoring in IoT network using an inte-
grated blockchain-distributed pattern recognition scheme,’’ in Proc. Int.
Congr. Blockchain Appl.Cham, Switzerland: Springer, 2019, pp. 134–144.

[22] V. Gatteschi, F. Lamberti, C. Demartini, C. Pranteda, and V. Santamaria,
‘‘To blockchain or not to blockchain: That is the question,’’ IT Prof., vol. 20,
no. 2, pp. 62–74, Mar. 2018, doi: 10.1109/MITP.2018.021921652.

[23] M. Cimperman, M. M. Brenčič, and P. Trkman, ‘‘Analyzing older users’
home telehealth services acceptance behavior—Applying an extended
UTAUT model,’’ Int. J. Med. Informat., vol. 90, pp. 22–31, Jun. 2016.

[24] W. Mukono and T. O. Tokosi, ‘‘Premier service medical investments:
Challenges and perceptions of healthcare practitioners in the adoption and
implementation of healthcare information technology (HIT),’’ in Proc.
South Afr. Inst. Comput. Scientists Inf. Technologists ZZZ (SAICSIT), 2019,
pp. 1–10.

[25] R. D. Hertin and O. I. Al-Sanjary, ‘‘Performance of hospital information
system in Malaysian public hospital: A review,’’ Int. J. Eng. Technol.,
vol. 7, no. 4 and 11, pp. 24–28, 2018.

[26] D. Hughes, A. Hughes, A. Powell, and B. Al-Sarireh, ‘‘Hepatocellular
carcinoma’s 100 most influential manuscripts: A bibliometric analysis,’’
Int. J. Hepatobiliary Pancreat Disease, vol. 9, pp. 1–12, Feb. 2019.

VOLUME 8, 2020 174253

http://dx.doi.org/10.1109/MITP.2018.021921652


H. F. Anjum et al.: Mapping Research Trends of Blockchain Technology in Healthcare

HIRA FARIHA ANJUM was born in Dhaka,
Bangladesh, in 1992. She received the B.Sc.
degree (Hons.) and the M.Sc. degree in clothing
and textiles from the College of Home Economics,
University of Dhaka, Bangladesh, in 2015 and
2016, respectively, and the M.B.A. degree in
strategic management and healthcare management
from the Azman Hashim International Business
School, Universiti Teknologi Malaysia (UTM),
Kuala Lumpur, Malaysia, in 2019. She is currently

pursuing the Ph.D. degree with the Azman Hashim International Business
School. Her research interests include industrial revolution 4.0, blockchain,
healthcare management, information systems, and the IoT.

SITI ZALEHA ABDUL RASID received the B.Sc.,
M.B.A., and Ph.D. degrees. She is currently an
Associate Professor of accounting with the Azman
Hashim International Business School, Universiti
Teknologi Malaysia (UTM), Kuala Lumpur. She
has also served as a Research Panelist with the
Centre of Excellence, Chartered Institute of Man-
agement Accountants (CIMA), Southeast Asia.
She is actively involved in research activities and
has led nine research projects. She is a member

of many other research studies. She has authored or coauthored more than
100 articles and research articles in journals, conference proceedings, and
technical reports. Her research interests include management accounting,
risk management, corporate governance, and blockchain technology. She is
also an Associate Member of the Malaysian Institute of Accountants and
a member of the British Accounting and Finance Association. She is the
Associate Chair of the School of Postgraduate Studies, UTM.

HALIYANA KHALID (Member, IEEE) received
the M.Sc. degree in IT and data communications
and the Ph.D. degree in computing, with special-
ization in human–computer interaction from Lan-
caster University, U.K. She is currently a Senior
Lecturer with the Azman Hashim International
Business School, Universiti Teknologi Malaysia.
She has been active in training and consultancy
projects for the university and industry at the
national and international level. Her research inter-

ests include primarily in digital innovation in information systems, and
spanning from social media to health informatics. She has published articles
in journals, particularly in the field of social media. She is a member of
an Erasmus+ EU research project, working with local and international
members to develop and implement the M.Sc. program in food innovation
and entrepreneurship.

MD. MOSHIUL ALAM received the B.Sc.
degree in maritime science (engineering) from the
Bangladesh Marine Academy, National Univer-
sity, Bangladesh, in 2001, the M.Sc. degree in
engineering business management (MEBM) from
the Razak Faculty of Technology and Informat-
ics, Universiti Teknologi Malaysia (UTM), Kuala
Lumpur, Malaysia, where he is currently pursu-
ing the Ph.D. degree with the Razak Faculty of
Technology and Informatics. He received the Cer-

tificate of Competency Class-1 Marine Engineer from the Maritime Port
Authority of Singapore (MPA), in 2010. His research interests include green
shipping, maritime safety, industrial revolution 4.0, the IoT, safety engineer-
ing, and marine environment.

SALWANI MOHD DAUD (Member, IEEE)
received the B.Eng. degree (Hons.) in electron-
ics engineering from the University of Liverpool,
in 1984, and the M.Eng. degree in electrical engi-
neering and the Ph.D. degree in electrical engineer-
ing from Universiti Teknologi Malaysia (UTM),
in 1989 and 2006, respectively. She is currently a
Professor with the Advanced Informatics Depart-
ment, Razak Faculty of Technology and Informat-
ics, UTM. She is also a Registered Professional

Technologist with the Malaysia Board of Technologists (MBOT) and a
Registered Graduate Engineer with the Board of EngineersMalaysia (BEM).
She has been with UTM for more than 30 years and has vast experience in
teaching and research. Her research interests include artificial intelligence,
blockchain, and the IoT. She is currently teaching machine learning and
system design for security for postgraduate programs. She is also leading
a few research grants in related topics and has secured more than RM
2 million of Research and Development funds. She has published more than
100 academic articles in journals, proceedings, and books. In addition, she
is also the Head of the Cyber Physical Systems Research Group.

HAFIZA ABAS received the B.Sc. degree (Hons.)
in information technology from Universiti Utara
Malaysia, the M.Sc. degree in information tech-
nology from Universiti Putra Malaysia (UPM),
and the Ph.D. degree in information science from
Universiti Kebangsaan Malaysia (UKM). She has
served as an Academic Staff with Universiti
Teknologi Malaysia (UTM), Kuala Lumpur, for
more than 20 years. She is currently a Senior Lec-
turer with the Razak Faculty of Technology and

Informatics, UTM. Her perseverance permitted her to receive 28 research
grants awarded by various agencies. She shines in emotional intelligence,
social, and soft skills. Academically, she enjoys collaborating with academic
scholars from various universities. At the same time, she has also published
and presented articles in local and international conferences. To sustain
her role as an Academic Scholar, she is currently involved with a few
professional associations. She has obtained research and other awards related
to writing and publishing articles.

SURIANI MOHD SAM received the Ph.D. degree
from Universiti Teknologi Malaysia, in 2013. She
currently serves as a Senior Lecturer with the
Advanced Informatics Department, Razak Fac-
ulty of Technology and Informatics, Universiti
Teknologi Malaysia. She has been in the research
field of networking particularly in quality-of-
service (Qos) for several years. This includes the
fields of data communications, wireless commu-
nication, and telecommunication, the IoT elements

have become the main concern in the projects and research of her students.
She has authored or coauthored journals, conference articles, and book
chapters in the field of QoS for several types of communication networking
strategies. She is also a member of the Cyber Physical Systems Research
Group, UTM, and the IEEE Society.

MUHAMMAD FATHI YUSOF is currently a
Research Fellow (law and constitution) and a
Senior Lecturer with the Perdana Science, Tech-
nology, and Innovation Policy Centre, Faculty
of Technology and Informatics Razak, Universiti
Teknologi Malaysia (UTM), Kuala Lumpur. He is
also the Deputy Director of the Islamic Centre,
UTM. His research interests include constitutional
law, law and policy, electoral systems, Islamic law,
and cyber law. He is also leading research on pol-

icy for blockchain technology and a special government taskforce to enhance
the function of the state legislative assembly. He has headed many research
projects in various themes, including electoral systems, integrity in project
management, and policy on disaster management.

174254 VOLUME 8, 2020


