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ABSTRACT

In the rapidly evolving landscape of healthcare, the digital transformation marked by health-
care 4.0 has spurred a surge in data generation, giving rise to ‘big data’. Big data analytics
has become an effective tool in the healthcare industry, revolutionising medical research,
patient care, and healthcare management. This study undertakes a meticulous bibliometric
analysis, drawing upon a dataset of 2212 articles from the Scopus database spanning 2014
to 2023, to unravel the trajectory of big data analytics in healthcare. The research explores
diverse dimensions, from the distribution of studies across years to the productivity rankings
of journals, countries, and institutions, elucidating the evolving trends and key contributors.
Co-authorship networks and keyword co-occurrence analysis reveal thematic clusters and
intellectual structures, contributing to a nuanced understanding of the field. The results
underscore the escalating global interest in the fusion of big data and healthcare, illuminat-
ing collaborations, and identifying influential players. Additionally, the study identifies press-
ing challenges, including security concerns and skill shortages, emphasizing the imperative
of overcoming these barriers for effective big data applications in healthcare. Serving as a
valuable resource for researchers, practitioners, and policymakers, this research not only
captures the current landscape but also provides insights for future exploration, contributing
to strategic planning in this dynamic domain.
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1  INTRODUCTION

The healthcare business is undergoing a third revolution characterized by digital
transformation, leading healthcare organizations to aggressively pursue methods to
improve value for patients, popularly known as healthcare 4.0 [1] [2]. The adoption
of health information technologies signifies a notable paradigm shift in the health-
care sector, evolving from initial digital tracking infrastructures to increasingly
complex systems, including electronic health records, wearable and implantable
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devices, and more recently, the integration of cloud, fog, edge computing, and artifi-
cial intelligence [3]. These digital technologies play a pivotal role in healthcare [4] [5]
optimizing patient care, waste management, and bolstering supply chain resil-
ience [6] among various other contributions [4] [5]. Among the myriad techniques
and approaches to improve healthcare, considerable academic attention has been
directed toward big data [7].

The field of healthcare and medicine deals with large and complex information,
known as big data, which present difficulties in analysis and management using
traditional software or technology [8] [9]. Big data analytics include the integra-
tion of various data kinds, maintaining data integrity, doing analysis, developing
models, interpreting outcomes, and confirming conclusions [10]. Big data analyt-
ics enables the discovery of valuable insights from large amounts of data. In the
field of medicine and healthcare, big data analytics enables the examination of
large datasets collected from many patients. The process entails finding patterns
and relationships in datasets, as well as creating models that can make predictions
using data mining techniques [11]. The field of big data analytics in medicine and
healthcare combines the analysis of several scientific disciplines, including bioin-
formatics, medical imaging, sensor informatics, medical informatics, and health
informatics.

Efforts have been made to investigate the potential of big data in supporting
clinical treatments and interventions, improving decision-making for patients and
health professionals, enhancing diagnostic accuracy, and optimizing healthcare sys-
tems [12] [13] [14]. Data analytics has proven instrumental in predicting heart dis-
ease [15] [16] conducting psychological analyses of language on social media [17]
[18] [19] [20] and enhancing pandemic management [21]. The academic literature
highlights many benefits linked to the use of big data in the healthcare sector [22].
However, there remain significant challenges and barriers that require atten-
tion, encompassing concerns such as the security of personal health records [7],
increased financial investments [23], a shortage of relevant skill sets [24] and the
need for a robust information technology infrastructure [25] among others. In order
to successfully use big data in healthcare, it is crucial to recognise and address these
problems. Understanding the significance of big data in healthcare is crucial for this
objective.

In recent times, scholars have been actively involved in studying and analysing
the utilisation of big data in the field of healthcare using bibliometric analysis (refer
to Table 1). The table presents a concise summary of several academic research that
examine the intersection of big data and healthcare. The text provides an overview
of the databases used, the time frames encompassed, and the particular topics inves-
tigated in each research endeavour. Liao et al. [26] utilized the Web of Science (WoS)
database spanning from 1991 to 2018 to analyse documents related to “medical big
data” using GraphPad Prism 5, VOSviewer, and CiteSpace bibliometric software.
Oravec et al. [27] investigated the use of large amounts of data in the area of paedi-
atric neurosurgery by analysing data from the Web of Science database from 2000
to 2018. Wang et al. [28] examined the use of cutting-edge technologies such as big
data, cloud computing, and the Internet of Things (IoT) in cancer research. The study
focused on the period from 2000 to 2017 and analysed data from the Web of Science
(WoS) database. Galetsi and Katsaliaki [29] examined the use of big data analytics
in healthcare by using the NVivo software. The study focused on the time frame
spanning from 2000 to 2016. The study conducted by dos Santos et al. [30] examined
the use of data mining and machine learning methods in the field of public health,
specifically focusing on articles published in the Web of Science database between
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2009 and 2018. In their study, X. Chen et al. [31] conducted an extensive analysis
utilising the WoS, PubMed, and Scopus databases, covering the period from 2016
to 2020. Their research specifically examined the integration of smart health tech-
nologies with artificial intelligence. Furstenau and his colleagues [22] performed a
performance analysis utilising Web of Science (WoS) data from 2009 to 2020, with
the assistance of a scoping review. Sikandar et al. [32] investigated the utilisation of
digital technologies in the healthcare sector using Scopus database for the period
between 2017 and 2021. In a separate study, Jimma [33] examined research on artifi-
cial intelligence in healthcare using Scopus database from 2000 to 2021. This collec-
tion provides a comprehensive overview of the many study areas and approaches
used in the field of big data and healthcare. This research specifically examines the
intersection of big data analytics and healthcare, providing an analysis that spans
from 2014 to 2023, ensuring a more up-to-date perspective. The research uses Vos
Viewer for bibliometric analysis, offering a distinct viewpoint on the developing
terrain of big data in healthcare.

Table 1. Previous bibliometric studies on big data and healthcare research

Study Database Coverage Focus
[26] Web of Science 1991-2018 | Analysed “medical big data” papers using
GraphPad Prism 5, VOSviewer, and CiteSpace
bibliometric software.
(27] Web of Science 2000-2018 | Exploration of large-scale data analysis in the domain

of paediatric neurosurgery.

(28] Web of Science 2000-2017 | An analysis of cutting-edge technology (such as big
data, cloud computing, and the Internet of Things) in
the area of cancer research using the CiteSpace tool.

[29] Web of Science 2000-2016 | An investigation on the use of NVivo software for big
data analytics in the healthcare sector.
(30] Web of Science 2009-2018 | An examination of the use of data mining and machine
learning methods in the field of public health.
(31] Web of Science 2016-2020 | Emphasise the integration of artificial intelligence in
(WoS), PubMed, and smart health.
Scopus databases
(22] Web of Science 2009-2020 | The text discusses the study of a Business Process

Network study (BPNA) that is supported by a Strategic
Roadmap (SR). It focuses on performance analysis,
strategic themes, thematic evolution structure,
primary challenges, and future prospects. The analysis
is conducted using the SciMAT programme and is
supported by a scoping review.

[32] Scopus 2017-2021 | The use of Vos viewer in healthcare facilitates the
examination of digital technology.

[33] Scopus 2000-2021 | Examination of studies pertaining to the use of
artificial intelligence in the field of healthcare.

This study | Scopus 20142023 | Analysed published literature on hig data analytics and
healthcare using the Scopus database and Vos Viewer.

Through bibliometric analysis, the researchers statistically examine the authors,
institutions, countries, and cooperation among authors, subject areas, keywords and
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published articles in the given period in the selected field. The study is designed to
address the following research questions (RQ):

RQ1. What is the publication trend of research on big data during the past
ten years?

RQ2. What are the most prolific countries, institutions, journals and authors asso-
ciated with literature on big data in healthcare?

RQ3. Which authors have made significant contributions through collabora-
tive research?

RQ4. Which countries have made the most substantial contributions through col-
laborative research efforts?

RQ5. What are the most prevalent keywords linked to research on big data in
healthcare?

2  METHODOLOGY

This study used the Scopus database. This database was selected as a research
platform for many reasons. The Scopus database is a vast collection of peer-reviewed
literature, including journals, books, and conference proceedings from many coun-
tries. It is renowned for its extensive abstracts and citations [34] [35]. Furthermore,
Scopus includes the abstracts of the majority of publications published in other data-
bases, ensuring extensive inclusion of articles. By using the snowball sampling tech-
nique, it is possible to extend the sample to other databases derived from the current
database [36]. Scopus is a user-friendly platform that offers support for a range of
software tools to get data for bibliometric research. These tools allow users to access
information such as authors, titles, publication years, cited references, abstracts,
institutions, and countries [37]. Additionally, it enables a preliminary examination
of the progression of citation counts over a period of time and the identification of
the writers and publications with the highest number of citations.

The research collected data on December 30th utilising the SCOPUS database,
specifically focusing on data from the years 2014 to 2023. The primary search terms
were “big data” and “healthcare”. The search query used was “(TITLE-ABS-KEY (“big
data”) AND TITLE-ABS-KEY (“healthcare”))”. Retrieve articles published between
2014 and 2023, inclusive, that are in English, of type “ar” (article), and in the final
publication stage. Using the specified research parameters, we discovered a total
of 6499 search results in the SCOPUS database. In order to prevent any confusion
caused by similar language and to maintain a focused research aimed at achieving
certain goals, we deliberately refrained from seeking out any comparable phrases.

The search and selection criteria for the articles are shown in Figure 1. Articles
were selected using the Scopus database, as stated in the preceding section. A total
of 6499 items were obtained from the initial search string, and further refined using
other search criteria. To examine the latest publication trend in the specific field of
research, we only chose publications that were published during the last ten years,
resulting in a total of 6402 articles. In order to maintain strict adherence to the meth-
odology, the selection procedure was further improved by only identifying the doc-
ument type as “article,” resulting in a total of 2,380 articles. Furthermore, the source
type was limited only to journals, leading to a subset of 2,313 articles. After a careful
and thorough selection process, a final dataset of 2,212 articles published in English
was acquired. This dataset will serve as the foundation for the forthcoming biblio-
metric study. The use of the Prisma Statement facilitated the recovery of the specific
group of documents, with the results of the selection criteria shown in Figure 1.
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Fig. 1. Search and selection process of articles

3 ANALYSIS AND DISCUSSION OF RESULTS
3.1 Publication trend

Figure 2 reveals a consistent upward trend in the annual publication of docu-
ments related to big data in healthcare research from 2014 to 2023. In the early
years, the field showed moderate growth, with 47 publications in 2014 and 82 in
2015. However, from 2016 onwards, there was a substantial increase, reaching its
peak in 2018 with 223 publications. Although there was a slight decrease in 2020,
the overall trajectory remained positive, with the number of documents consistently
surpassing previous years. The trend reflects a growing interest and recognition
among researchers of the significance and potential impact of big data in health-
care research. The sustained growth in publications each year indicates the contin-
uous exploration and advancement of this field within the academic and research
community.
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Fig. 2. Publication trend
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3.2 Subject areas of the published literature

Figure 3 outlines the distribution of publications related to big data in health-
care across various academic disciplines. The numbers represent the count of pub-
lications within each discipline. The highest number of publications is found in the
field of Computer Science, with 1098 publications indicating a significant empha-
sis on computational aspects in healthcare research. Medicine follows closely with
735 publications, highlighting the substantial contributions from the medical field.
Engineering and Social Sciences also show considerable engagement, with 664 and
200 publications, respectively. Business, Management, and Accounting, as well as
Mathematics, demonstrate interest with 194 and 190 publications, respectively. The
distribution spans a diverse range of disciplines, including Biochemistry, Genetics,and
Molecular Biology, Materials Science, Decision Sciences, Environmental Science, and
Health Professions, among others. This diversity underscores the interdisciplinary
nature of big data in healthcare research, with contributions from fields such as
physics, nursing, chemical engineering, and economics, reflecting the multifaceted
approaches and collaborations within this dynamic and evolving research domain.

Other (16.8%)
Computer Scienc... (25.0%)
Sy

Materials Scien... (3.4%) - =
Biochemistry, G... (3.8%) -

Mathematics (4.3%)

Medicine (16.7%)
Business, Manag... (4.4%)
|

Social Sciences... (4.6%)

Environmental S... (2.6%)

Decision Scienc... (3.2%)

. Engineering (15.1%)

Fig. 3. Documents hy subject area

3.3 Most productive countries

Figure 4 provides a detailed breakdown of the distribution of documents related
to big data in healthcare research across several countries and territories. India
emerges as a leading contributor with 487 documents, showcasing a substantial
and active involvement in the exploration of big data applications in healthcare.
Following closely, the United States demonstrates its significant role in the field, con-
tributing 479 documents and leveraging its robust research infrastructure. China,
with 299 documents, reflects a noteworthy presence and growing influence in the
global discourse on big data in healthcare. The United Kingdom, South Korea, and
Saudi Arabia contributed 207, 165, and 131 documents, respectively, indicating their
considerable interest and active participation in big data healthcare research. Italy,
Australia, Canada, and Spain also make notable contributions with 103, 96, 84, and
78 documents, respectively, underscoring their commitment to advancing knowl-
edge in this interdisciplinary field. The diverse geographical representation in this
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table highlights the global engagement and collaborative efforts across countries to
explore the potential and challenges of integrating big data into healthcare research.

600
B India
500 i 479 B United States
= China
400 B United Kingdom
B South Korea
300 ® Saudi Arabia
B Italy
200 B Australia
100 8| Canada
B Spain

Documents

Fig. 4. Top productive countries in terms of publications

3.4 Most prolific institutions

A comprehensive ranking of academic institutions based on their prolific contri-
butions to the research domain of big data in healthcare is provided in Table 2. King
Saud University, situated in Saudi Arabia, secures the top position with an impressive
count of 35 documents, affirming its pivotal role in advancing knowledge at the inter-
section of big data and healthcare within the region. Following closely, the Vellore
Institute of Technology in India claims the second spot with 33 documents, under-
scoring India’s substantial scholarly output and active engagement in this evolving
field. Huazhong University of Science and Technology in China holds the third posi-
tion with 29 documents, showcasing China’s significant and growing influence in
the global discourse on big data applications in healthcare research. The inclusion of
King Abdulaziz University from Saudi Arabia in the fourth spot, with 26 documents,
further emphasizes the nation’s sustained commitment to and leadership in big data
healthcare research. Harvard Medical School, representing the United States, secures
the fifth position with 23 documents, highlighting its prominent role in shaping the
global landscape of big data research in the medical domain. The subsequent insti-
tutions in the ranking, including those from India, South Korea, Singapore, England,
and China, contribute to the diverse and collaborative international efforts aimed at
advancing knowledge in the dynamic field of big data in healthcare.

Table 2. Most prolific institutions

Rank Affiliation Country Documents
1 King Saud University Saudi Arabia 35
2 Vellore Institute of Technology India 33
3 Huazhong University of Science and Technology | China 29
4 | King Abdulaziz University Saudi Arabia 26
5 Harvard Medical School United States of America 23
6 SRM Institute of Science and Technology India 17
7 Kyonggi University South Korea 17
8 National University of Singapore Singapore 16
9 University College London England 16

10 Tsinghua University China 16
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3.5 Most productive journals

We have provided a comprehensive overview of the distribution of documents
across various sources in the context of big data analytics in healthcare. The results
of our analysis revealed that IEEE Access emerges as the leading source with
74 documents, followed by the Journal of Big Data with 30 documents, showcasing
their substantial contributions to the field. Other influential sources include Future
Generation Computer Systems, the International Journal of Environmental Research
and Public Health, and Sustainability Switzerland, each contributing significantly
with 28, 26, and 26 documents, respectively. The list encompasses a diverse array
of journals and publications, such as the IEEE Internet of Things Journal, Applied
Sciences Switzerland, and BM]J Open, each playing a crucial role in disseminating
research findings in the intersection of big data and healthcare. This diverse array
of sources highlights the multidisciplinary nature of the field, reflecting contribu-
tions from journals spanning computer science, healthcare, and engineering, among
others. The list of top influential journals is shown in Table 3.

Table 3. Top influential journals

Source Documents

IEEE Access 74
Journal of Big Data 30
Future Generation Computer Systems 28
International Journal of Environmental Research and Public Health 26
Sustainability Switzerland 26
IEEE Internet of Things Journal 24
Applied Sciences Switzerland 22
International Journal of Innovative Technology and Exploring Engineering 20
International Journal of Recent Technology and Engineering 20
Journal of Advanced Research in Dynamical and Control Systems 18
Journal of Medical Systems 18
BM] Open 17
International Journal of Advanced Computer Science and Applications 16
Sensors Switzerland 15
Healthcare Switzerland 14
International Journal of Engineering and Technology UAE 14
Journal of Computational and Theoretical Nanoscience 14
Yearbook of Medical Informatics 14

3.6 Most influential authors
Table 4 offers an insightful glimpse into the top 10 influential authors in the realm

of big data analytics within the healthcare domain. The authors are ranked based on
the number of documents they have contributed to the selected field.
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The results of our analysis revealed that Chung, K. from Kyonggi University
in South Korea, is leading the list with an impressive 17 publications. Notably,
his work has garnered a significant total citation count of 3625, and his H Index
stands at 35, reflecting substantial impact and influence. Following closely is
Khoshgoftaar, T.M. from Florida Atlantic University, USA, with 11 documents.
His remarkable total citation counts of 30,633 and an H Index of 66 underscore
the substantial impact of his contributions to the field. Similarly, Chen, M. from
South China University of Technology in China has made significant strides with 8
documents and an H Index of 80. Rodrigues, J.J.P.C. from Portugal, affiliated with
Instituto de Telecomunicagdes, has also made a notable impact with 8 documents,
a total citation count of 29,858, and an H Index of 88. The list further includes
prolific authors such as Shankar, K. from India, Elhoseny, M. from the United Arab
Emirates, Farahani, B. from Iran, and others, each with their unique contributions
and impact in the field.

These top authors (Table 4), identified through bibliometric analysis, play piv-
otal roles in advancing knowledge and shaping the landscape of big data analyt-
ics in healthcare. Their prolific output and influence, as measured by citations and
the H Index, contribute significantly to the scholarly discourse and progress in this
dynamic interdisciplinary field.

Table 4. Top 10 influential authors in terms of publications

Documents
Published
in the
Selected Field

Chung, K. 17 Kyonggi 25927027500 | 3625 205 35
University, Suwon,
South Korea

Khoshgoftaar, T.M. 11 Florida Atlantic 7006211475 | 30,633 739 66
University, Boca
Raton, United States

Chen, M. 8 South China 25821032200 | 25,617 408 80
University of
Technology,
Guangzhou, China

Rodrigues, J.J.P.C. 8 Instituto de 25930566300 | 29,858 1,181 88
Telecomunicagdes,
Aveiro, Portugal

Shankar, K. 8 Saveetha School 56884031900 | 6,695 265 46
of Engineering,
Chennai, India

Elhoseny, M. 7 Info University 57148260400 | 11,846 310 63
of Sharjah,
Sharjah, United
Arab Emirates

Total
Affiliation Scopus ID TC Published
Documents

Author

Index

Farahani, B. 7 Shahid Beheshti 57225781040 | 1,654 53 15
University,
Tehran, Iran
Firouzi, F. 7 Duke University, 36056471000 | 1,945 69 20
Durham,
United States
(Continued)
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Table 4. Top 10 influential authors in terms of publications (Continued)

Documents
Published " Uyl
Author . Affiliation Scopus ID TC Published
in the Documents Index
Selected Field
Chang, V. 6 Aston University, 56926234700 | 13,217 450 59
Birmingham,
United Kingdom
Hossain, M.S. 6 King Saud 24066717900 | 17,065 376 66
University, Riyadh,
Saudi Arabia

4  BIBLIOMETRIC MAPS

This section presents a bibliometric analysis of various aspects, including the
co-authorship of countries, the co-authorship of authors and the co-occurrence of
author keywords.

4.1 Co-authorship (Authors)

The co-authorship analysis quantifies the number of articles on which two
researchers have cooperated. Co-occurrence TLS refers to the frequency at which two
words are referenced together in a set of publications. [38] [39]. This research employs
a co-authorship analysis to ascertain the collaboration network and writers who have
made noteworthy contributions to the area by working together. Co-authorship anal-
ysis is the predominant research tool used to examine research cooperation (RC).

To conduct the analysis of co-authorship, authors were selected based on a mini-
mum threshold of 2 documents produced by each participant. Out of the 2173 writers,
only 45 met the qualifying criterion. Out of the total of 45 writers, 22 authors had
strong connections with each other, resulting in the formation of 4 separate clusters
(as shown in Figure 5). The 22 writers exhibit a high level of interconnectivity and
have made substantial contributions to the literature via their combined efforts.

This research employs a co-authorship analysis to ascertain the collaboration net-
work and writers who have made significant contributions to the area by working
together. The TLS represents the overall strength of the author’s connections with
other authors [40]. The co-authorship analysis of authors involved setting a thresh-
old of 2 documents as the minimum requirement for authors, and a minimum of 0
citations for an author. Among the total of 2173 authors, only 45 authors satisfied the
threshold criteria. Among the 50 authors, 22 were highly connected and formed 4 dis-
tinct clusters, as depicted in Figure 7. These 22 authors are highly interconnected and
have made significant contributions to the literature through their collaborative work.

This research does a co-authorship analysis to discover the collaborative network
and writers who have contributed to the field via their joint effort. Co-authorship
analysis is the primary research methodology used to examine research cooperation
(RC). The TLS represents the overall strength of an author connections with other
authors [41]. The examination of co-authorship among authors involved establish-
ing a criterion where each individual must have authored at least two documents
and received a minimum of zero citations.

Among the total of 2173 writers, only 45 authors fulfilled the threshold criteria.
Among the 50 writers, 22 of them were well related and formed 4 distinct clusters, as
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shown in Figure 5. This signifies that these 22 writers possess strong networks and
have made valuable contributions to the field of literature via collaborative efforts.
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Fig. 5. Snapshot of the bibliometric map representing co-authorship analysis
of authors in overlay visualisation mode

The co-authorship analysis, as revealed in the provided Table 5 from Vos Viewer,
illuminates the collaborative dynamics and scholarly influence of several author
pairs in the field of big data analytics and healthcare. Notably, the collaboration
between Hossain M.S. and Muhammad G. has resulted in two publications, amass-
ing an impressive citation count of 290, underscoring the impact of their joint contri-
butions. Similarly, the collaborative efforts of Jain P, Gyanchandani M., and Khare N.
have yielded two documents with a notable citation count of 245, showcasing their
scholarly recognition. Authors Kim J.-C. and Chung K. stand out with a prolific col-
laboration, producing five documents and accumulating 154 citations, indicative of
substantial influence in the academic community. These findings provide valuable
insights into collaborative networks and the scholarly influence of authors within
this research domain. Key authors doing collaborative research are shown in Table 5.

Table 5. Key authors doing collaborative research
Author Documents Citations
Hossain M.S.; Muhammad G. 2 290
Jain P; Gyanchandani M.; Khare N. 2 245
Kim J.-C; Chung K. 5 154
Manogaran G.; Lopez D. 2 150
Sahoo PK.; Mohapatra S.K.; Wu S.-L. 2 144

4.2 Co-authorship (Countries)

To assess the co-authorship among countries and illustrate the collaboration
among authors from different geographic regions, a criterion of 10 countries was set.
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This implies that each country must have a minimum of 10 published documents.
Consequently, among the 120 countries, 51 successfully reached the required level.
In Figure 6, the proximity of the countries indicates a strong affiliation between them.

The co-authorship analysis of countries, as presented in the data from Vos Viewer,
reveals the collaborative dynamics and impact of various nations in the field of big
data analytics and healthcare research. The United States emerges as a prominent
contributor, leading in both document count (480) and citations (17,620), resulting
in a total link strength of 400. The United Kingdom follows closely, demonstrating a
robust collaborative network with 207 documents, 7,493 citations, and a total link
strength of 324. China, with 299 documents and 10,858 citations, showcases its global
influence, accompanied by a total link strength of 258. India contributes notably with
486 documents and 9,618 citations, reflecting a strong collaborative network and a
total link strength of 247. Saudi Arabia, with 131 documents and 4,529 citations,
reflects significant collaborative efforts, resulting in a total link strength of 194.
Spain, Germany, and Australia exhibit collaborative research endeavours, con-
tributing 78 documents (2,137 citations, total link strength: 162), 65 documents
(1,616 citations, total link strength: 158), and 96 documents (3,036 citations, total link
strength: 155), respectively. The Netherlands, Italy, and South Korea also contribute
significantly, reflecting the diverse and impactful nature of collaborative research in
big data analytics and healthcare.

India, Saudi Arabia, and Spain also exhibit substantial collaborative efforts, con-
tributing significantly to the field. Notably, Australia, the Netherlands, and Italy
demonstrate noteworthy contributionsin terms of both document count and citations.
The overall analysis underscores the global nature of collaborative research in big
data analytics and healthcare, with countries playing key roles in shaping the schol-
arly landscape and fostering international partnerships. The variations in total link
strength indicate the strength and depth of collaborative ties among these nations.
Figure 6 shows the results of co-authorship analysis of countries and Table 6 lists the
countries according to their ranks as per their total link strength.
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Fig. 6. Snapshot of the bibliometric map representing co-authorship analysis
of countries in overlay visualisation mode
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Table 6. Co-authorship analysis of countries

Country Documents Citations Total Link Strength
United States 480 17620 416
United Kingdom 207 7493 340
China 299 10858 268
India 486 9618 257
Saudi Arabia 131 4529 196
Spain 78 2137 176
Germany 65 1616 168
Netherlands 54 1487 166
Australia 96 3036 159
Italy 103 2519 143
South Korea 165 4187 131
Canada 84 3527 128
France 51 1545 119
Switzerland 29 1008 111
Pakistan 68 2223 106
Sweden 31 1147 101
Austria 23 572 94
Greece 30 667 91
Portugal 35 1393 81
Egypt 44 1341 80

The countries listed, including Hungary, Ethiopia, the Czech Republic, Indonesia,
Vietnam, Bangladesh, Ireland, Norway, Lebanon, Qatar, and Romania, appear to
be engaging in collaborative work in big data analytics and healthcare to a lesser
extent compared to the top contributors (see Table 7). Each of these countries has
published a relatively modest number of documents, ranging from 10 to 15, indi-
cating a lower volume of research output in comparison to the leading nations. The
cited documents and total link strength values for these countries also reflect a less
extensive collaborative network, suggesting that there might be room for increased
international cooperation and partnerships in the field. These countries may benefit
from fostering more collaborative efforts to enhance the impact and reach of their
research in the intersection of big data analytics and healthcare.

Table 7. Countries with least collaborative research in the area of big data and healthcare

Country Documents Citations Total Link Strength
Hungary 10 249 27
Ethiopia 11 105 15
Czech Republic 12 559 54
Indonesia 12 64 10
Viet Nam 13 278 22
(Continued)
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Table 7. Countries with least collaborative research in the area of hig data and healthcare (Continued)

Country Documents Citations Total Link Strength
Bangladesh 13 374 18
Ireland 13 132 13
Norway 14 762 41
Lebanon 14 303 37
Qatar 14 363 30
Romania 15 382 29

4.3 Co-occurrence (Keywords)

The concept of “co-occurrence” refers to the frequency of occurrence of a key-
word within a particular document [42]. The total link strength (TLS) denotes the
frequency of occurrence of a word within a document. The larger the node, the
more frequently occurring keyword it is, according to node size. The closer two key-
words are to each other, the thicker the line between them; and the stronger the
association [40] [43].

In the process of keyword analysis, upon importing Scopus data into the VOS
viewer, a minimum requirement of 10 occurrences for keywords was set. This led
to the identification of 94 keywords among the initial 5545. Subsequently, identi-
cal keywords were merged, resulting in a final count of 5529 keywords, of which
only 78 satisfied the specified criterion. To clarify, only 78 keywords achieved the
prescribed threshold of 10 occurrences per keyword. The individual keyword
occurrence was consistently set at 10, generating 8 distinct clusters of keywords.
The outcome of the keyword co-occurrence is illustrated in Figure 7.
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The keyword “Big Data” demonstrates a high total link strength (TLS) of 1448, sug-
gesting strong associations with other keywords, and it occurs frequently (975 times)
in the analysed literature. Similarly, “Healthcare” exhibits a considerable TLS of 644,
indicating substantial connections with other keywords, and it occurs 334 times.
“Internet of Things” demonstrates a TLS of 444 and occurs 188 times, showcasing its
relevance and frequent appearance. “Machine Learning” has a TLS 0424 and occurs
195 times, indicating its prominence in the literature. “Artificial Intelligence” has a
TLS of 347 and occurs 157 times, underlining its significant role. “Cloud Computing”
has a TLS of 342 and occurs 148 times, emphasizing its interconnectedness and fre-
quency. Other keywords, such as “Deep Learning,” “Data Mining,” “Data Analysis,”
“Security,” “Covid-19,” “Blockchain,” “Privacy,” and “Smart Cities,” also exhibit note-
worthy TLS and occurrences, illustrating their importance in the analysed literature.
Top keywords in the selected research field are shown in Table 8 along with their
TLS, occurrences and links.

Table 8. Results of the co-occurrence of keywords as per their Total Link Strength (TLS)

Keywords Links Total Link Strength (TLS) Occurrences
Big Data 71 1448 975
Healthcare 63 644 334
Internet Of Things 49 444 188
Machine Learning 64 424 195
Artificial Intelligence 51 347 157
Cloud Computing 52 342 148
Deep Learning 45 204 85
Data Mining 44 172 88
Data Analysis 43 147 76
Security 30 138 53
Covid-19 35 127 69
Blockchain 26 122 55
Privacy 28 111 53
Smart Cities 28 93 37

We have conducted an analysis of the literature to identify underexplored key-
words, pointing towards potential areas for future research in this field. This explo-
ration offers valuable insights that could serve as a foundation for scholars seeking
opportunities to contribute further to this area of study. These keywords are listed
in Table 9.

Table 9. Least explored keywords

Keywords Links Total Link Strength (TLS) Occurrences
Wearable Sensors 6 11 10
Data Sharing 7 12 10
Privacy-Preserving 9 12 10
(Continued)
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Table 9. Least explored keywords (Continued)

Keywords Links Total Link Strength (TLS) Occurrences
Security And Privacy 11 12 11
Comorbidity 9 13 10
Innovation 6 14 10
Clinical Decision Support 8 15 10
Mhealth 10 15 10
Random Forest 8 16 10
Healthcare Analytics 11 17 11
Svm 11 18 10
Text Mining 12 18 10
Business Intelligence 8 19 13
Decision Tree 10 19 11
Feature Selection 10 20 14
Decision Making 11 21 12
Digital Transformation 13 21 10
Mental Health 13 21 11
Diabetes Mellitus 14 22 10
Federated Learning 13 22 15

The presented table outlines keywords that have been relatively less explored in
existing literature on healthcare technology, indicating potential avenues for future
research. Each keyword is accompanied by the number of links, total link strength
(TLS), and occurrences within the analysed literature. Notable keywords include
“Wearable Sensors,” with moderate link strength and occurrences, suggesting room
for further exploration in health monitoring through wearable devices. “Data Sharing”
and “Privacy-Preserving” exhibit moderate link strength and occurrences, indicating
a need for deeper investigations into the implications of data sharing and privacy
in healthcare. The combined focus on “Security and Privacy” highlights a critical
aspect with moderate link strength and occurrences. Keywords like “Comorbidity”
and “Clinical Decision Support” also show moderate link strength and occurrences,
presenting areas deserving of additional research attention. Other keywords such
as “Innovation,” “Mhealth,” and “Random Forest” display moderate link strength
and occurrences, indicating ongoing interest with potential for more comprehen-
sive studies. The keywords with higher TLS and occurrences, such as “Business
Intelligence,” “Feature Selection,” and “Federated Learning,” suggest areas with more
established research but still open to nuanced exploration. In essence, this analysis
identifies specific keywords that, despite some attention, present opportunities for
researchers to delve deeper into less-explored aspects of healthcare technology.

5 CONCLUSION AND DISCUSSION

To summarise, the comprehensive bibliometric analysis carried out in this
work has shed light on several aspects of big data analytics in healthcare research.
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The study conducted a comprehensive analysis of many academic articles sourced
from the Scopus database. Its objective was to identify patterns, prominent authors,
significant works, and theme groups in this rapidly evolving subject. By using biblio-
metric techniques, the study output’s influence was measured and assessed, offering
a comprehensive grasp of the intellectual framework related to big data analytics in
healthcare.

An investigation of co-authorship revealed collaborative networks, high-
lighting the worldwide scope of research efforts in this field. The examination of
co-authorship across nations demonstrated the preeminence of the United States, the
United Kingdom, China, India, and Saudi Arabia in their joint research endeavours.
The linked global network represents the collective dedication of these nations to
promoting the comprehension and use of big data analytics in healthcare.

The co-authorship analysis identified many authors who made significant contri-
butions, including Hossain M.S., Muhammad G., Jain P, Gyanchandani M., Khare N.,
Kim J.-C., Chung K., Manogaran G., Lopez D., Sahoo PK, Mohapatra S.K, Wu S.-L,,
Kshetri N., and Rubi ].N.S. The writers have shown great involvement and influence
in the collaborative network, indicating their important contributions to influenc-
ing the discussion on big data analytics in healthcare. These co-authorship analy-
sis findings provide useful insights into the collaborative dynamics among authors
and nations, confirming the cooperative character of research efforts in this topic
within a wider framework. The results not only recognise the present level of
research but also underscore the significance of worldwide cooperation in propel-
ling developments and discoveries at the convergence of big data and healthcare.

The keyword co-occurrence analysis yielded a complete perspective on the dom-
inant topics and primary areas of focus in the literature. Key ideas such as “Big
Data,” “Healthcare,” “Machine Learning,” and “Artificial Intelligence” have arisen
as crucial fields of study, highlighting the interrelatedness of various subjects in the
research field.

In addition, the selection of terms with lower frequencies and overall connec-
tion strength emphasised possible topics for further investigation. The keywords
“Wearable Sensors,” “Data Sharing,” and “Privacy-Preserving” indicate areas that
should be further explored to provide significant insights. These underexplored key-
words provide academics the chance to fill important knowledge gaps in the field of
healthcare technology.

This study adds to the continuing discussion on the intersection of big data
analytics and healthcare in a wider sense. The results provide a comprehensive
understanding of the changing environment, offering scholars, practitioners, and
policy-makers a useful resource. This study synthesises information from several
sources, acknowledging the existing level of research and paving the path for future
inquiry and improvements in using big data to improve healthcare outcomes.

6  LIMITATIONS AND FUTURE DIRECTIONS

1. Although our bibliometric study has yielded significant information about the
state of big data analytics in healthcare, it is crucial to recognise certain limits and
outline future research priorities in this rapidly evolving subject.

2. Adisadvantage of the research is that it only considers papers from 2014 to 2023.
Subsequent investigations should expand the duration of this period to include
developing patterns and guarantee the study stays up to date.
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Another restriction is related to the intrinsic limitations of bibliometric analysis,
which depends on measurable data derived from academic publications.
Thorough evaluations and detailed examinations of the specific details and
complexities of big data analytics in healthcare are essential for complete
comprehension. Incorporating qualitative approaches, such as case studies or
interviews, in future research projects may provide detailed insights into the
influence of big data analytics on healthcare practices.

The ethical aspects of using big data analytics in healthcare need more
investigation. It is essential to examine issues of privacy, data security, and the
ethical ramifications of using big data for healthcare purposes. Researchers
should thoroughly investigate the socioeconomic ramifications and ethical impli-
cations linked to the growing dependence on big data in the healthcare sector.
Future research should investigate geographical disparities in the implemen-
tation and effects of big data analytics, considering the worldwide character of
healthcare concerns. An investigation comparing various locations and health-
care systems would provide insight into differing research priorities, patterns
of cooperation, and methods for implementation. Implementing this method
might assist in customising therapies for certain circumstances and contribute
to a more detailed comprehension of the worldwide ramifications of big data
analytics in the healthcare sector.

Collaborative research networks have been crucial in increasing knowledge
in this field. Future study should investigate the intricacies of interdisciplinary
cooperation, exploring how academics from different areas join forces to contrib-
ute to the progress in big data analytics in healthcare.

Continuous surveillance of keyword trends and new topics is essential for keep-
ing up with developing priorities in big data analytics in healthcare. Researchers
must be alert and responsive to new problems and opportunities, ensuring that
their study aligns with the constantly evolving healthcare and technology field.
To enhance our comprehension of the transformational power of big data ana-
lytics in healthcare, it is crucial to acknowledge these constraints and embrace
future research avenues.
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