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Abstract

Background: In the range of Semantic Web, the idea of
linking and sharing the resources generated by different au-
thors, like ontologies, knowledge bases, or datasets, is re-
ferred to “Linked data”. Then, an ambitious project within
the “Linked Data” paradigm is the “Linking Open Data”
community project. It aims at publishing open data sets on
the Web and semantically connecting data items belonging
to different data sources.
Objectives: The purpose of this paper is to present a
literature review on the subject of Linked Open Data in
Health and Clinical Care. In fact, the availability of open
data would increase evidence of the results of biomedical
research, and consequently, of clinical practice.
Methods: Selection criteria have been defined and search-
ing in PubMed/Medline and Scopus citation databases - for
all years the database were available - journals papers have
been retrieved. Finally, an evaluation grid has been defined
for analysing the retrieved papers, to answer some defined
research questions.

Results: Nine journal articles have been analysed ac-
cording to the defined evaluation grid. In five out of
nine papers, the main contributions are strategies and
methodologies for the integration of systems, including
bridging the information gap among forms for clinical
research and the one for patient care. Then, in three
papers the main contributions are the development of
consistent triple stores according to the “Linked Data”
paradigm. Finally, the last paper aims at building an open
dataset for public health purposes.
Conclusions: The review was able to answer the research
questions, despite the limited number of included papers.
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1 Introduction

The term “Open Data” refers to the opportunity of
using and distributing freely available data or databases
generated and shared by third parties, for own business
or research [1]. The concept of openness of data implies
a certain number of issues to face. In fact, applications
involving “Open Data” should assure interoperability, se-
curity of the transmission and storage of data, and the
continuous accessibility. In addition, updates and main-
tenance should be accomplished in a way that prevents
from malfunctioning, misunderstanding, or misinterpre-
tation of the original meaning of data and preserves data
quality [2].

In the healthcare domain, the availability of open data
would allow including considerable amount of data in pro-
cessing tasks, envisaging for great evidence of the results
[3]. As above mentioned above, a prerequisite is the in-
teroperability among systems. It does not mean that a
unique electronic system should be used in different insti-
tutions/companies, but the data should be represented in
a standardised format in order to be correctly understood.
Different standards exist and are applied in the health IT
domain. Without the claim to be complete, examples of
standard are Health Level Seven (HL7) Clinical Document
Architecture (CDA), version 2 [4], for the communication
of information systems by messages; HL7 Fast Health In-
teroperability Resources (FHIR) [5], for boosting effec-
tive implementations compared to the previous one; Dig-
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ital Imaging and Communication in Medicine (DICOM),
version 3.0, for the transmission of medical images and
their characteristics among digital imaging instrumenta-
tion [6, 7]. Finally, the ISO/IEEE 11073 is a family of
standards for enabling the communication among devices
and computer systems, in hospital settings or at patient
home [8].

When data are expressed by different formats, but
share the same meaning ontologies can be used for over-
coming the heterogeneous representation formats and pre-
serving the meaning. According to Gruber, an ontology
is defined as an “explicit specification of a conceptualiza-
tion” [9]. The main concepts of that definition are “con-
ceptualization” and “specification”. First, a “conceptual-
ization” is the abstract representation of what we expe-
rienced and would like to represent in terms of concepts,
objects, and their relationships - including their proper-
ties [10]. Then, a “specification” is for specify the concep-
tualization according to a language [10]. For specifying
ontologies, natural language or other kinds of languages
(formal) can be used [10]. The Web Ontology Language
(OWL) [11], and the Resource Description Framework
(RDF) Language [12] are applied for specifying ontologies
on the web that need to be shared by software systems,
also without human intervention (Semantic Web) [12, 13].
In other words, those languages allow delivering data and
its meaning (semantics) among heterogeneous systems on
the Web, also in a distributed way. It is achieved by means
of representing data by triples. A triple is composed by
a Subject, a Predicate, and an Object, and represented
as follows, (Subject-Predicate-Object) [12]. The meaning
of triple elements is similar to the one of the elements of
a sentence in natural language, e.g. “A doctor visits a
patient”. As more triples can refers to the same entity -
intended as the value of an element, e.g. “A doctor” – a
graphical representation is adopted for depicting all the
information about that entity. Generally, that graphical
representation is a direct graph where the subject and the
object are represented as nodes of the graph, while the
predicate is represented by the edge from the subject to
the object [12]. The RDF language is used for representing
data set, ontologies, or knowledge bases by graphs com-
posed of triples distributed on the Web. For accessing and
retrieving data from that kind of information structures
expressed by RDF language, the SPARQL query language
has been developed by the W3C consortium [14]. The
recursive acronym SPARQL stands for “SPARQL Proto-
col And RDF Query Language”. The term “Protocol” in
the acronym is for specifying that the language includes
a protocol - i.e., a set of rules - for publishing the re-
sults of a SPARQL query on the Web. Then, a SPARQL
Endpoint is a software service that receives queries ex-
pressed in SPARQL language, and returns the results in
accordance with the rules of the protocol. A catalogue of
currently available SPARQL endpoints is maintained by
W3C [15].

In the range of Semantic Web, the idea of linking and
sharing the resources generated by different authors, like

ontologies, knowledge bases, or datasets, is referred as
“Linked data” [13]. Examples of projects that can be con-
sidered in the range of “Linked Data” are the Gene On-
tology [16], and the Open Biomedical Ontologies (OBO)
Foundry [17]. Then, an ambitious project within the
“Linked Data” paradigm is the “Linking Open Data”
community project [18]. It aims at “publishing open data
sets as RDF on the Web and setting RDF links between
data items from different data sources” [19]. One achieve-
ment of this continuously running project is the “Link-
ing Open Data” cloud [20]. It is a set of interconnected
datasets and other data sources expressed in RDF lan-
guage and accessible by SPARQL Endpoints [15].

As we mentioned above, the availability of open data
would increase evidence of the results of biomedical re-
search [3]. So, having a view of the research involving
“Linked Open Data” (LOD) in the domains of healthcare
or clinical care would be of great significance.

Unfortunately, a review of scientific research involv-
ing LOD in those domains is not yet available, at least
according to the author’s knowledge, at the time of writ-
ing. Therefore, this paper aims at presenting a review
of LOD scientific research projects in Health and Clin-
ical Care. To this end, searches in literature databases
(i.e. PubMed/Medline and Scopus) have been performed
and the retrieved papers analysed. In analysing the pa-
per, the properties of interoperability [21], security of the
transmission and storage (protection), and the availability
(continuous accessibility) and maintenance have mainly
been considered.

2 Methods

2.1 Selection criteria and literature search

The main questions guiding this review are as follows,

1) which research in Healthcare and Clinical care in-
volves “Linked Open Data” sources?

2) How have the issues of interoperability, protection,
accessibility (availability), and maintenance been
faced?

3) Which are the main contributions and the envisaged
directions for future research?

The following inclusion criteria were defined for includ-
ing studies about “Linked Open Data” in this review:

1) “Linked Open Data” in “Healthcare” or “Clinical
care” is the main subject,

2) journal articles – including the “in press” ones
(historical articles, review articles, editorials, book
chapters, conference papers, and grey literature were
excluded),

3) articles published before the date of literature
searches,

4) duplicates were included once, and finally,
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5) articles written in English.

The sources considered for the online searches were
Medline/PubMed and Scopus citation databases. In both
PubMed and Scopus databases the “Linked Open Data”
search string was searched in title, abstract, or keywords
of a citation. In more detail, search strings were defined
including “Linked Open Data” as a part of the title, a key-
word, or a term in the abstract and combining “Health-
care” or “Clinical care” terms, respectively. The search
of those terms was not limited to a specific section of a
publication, e.g. “All fields” tag included for searching in
PubMed database.

On April 20th, 2016, literature searches were per-
formed in Entrez, the National Center for Biotechnol-

ogy Information (NCBI) search and retrieval system
(PubMed.com) and in Scopus database (Scopus.com) ac-
cording to the criteria above mentioned. Table 1 presents
the query strings used in both of the considered sources.
Figure 1 depicts the flow chart of selection criteria. Both
of them include the figures of the search results. Every ar-
ticle was examined by the author according to the meth-
ods described in the next section.

2.2 Classification grid for literature
characteristics

Considering the three research questions above men-
tioned, we defined the attributes for a classification grid

Figure 1: Literature search process according to the selection criteria.

EJBI – Volume 12 (2016), Issue 2 c©2016 EuroMISE s.r.o.



Bonacina S. – Linked Open Data in Health and Clinical Care: A Review of the Literature en5

Table 1: The search strings used and the number of identified citations.

PubMed Scopus Sum of Distinct
No. Search String Results Results Results Results

1 ”Linked Open Data”[All Fields] 37 2806 2843 -
2 ”Linked Open Data”[TIAB, KEYWORDS] 37 1524 1561 -
3 ”Linked Open Data”[TIAB, KEYWORDS] AND healthcare 6 37 43 -

4
”Linked Open Data”[TIAB, KEYWORDS] AND healthcare
(only journal articles)

4 12 16 13

5 ”Linked Open Data” [TIAB, KEYWORDS] AND clinical care 1 18 19 -

6
”Linked Open Data” [TIAB, KEYWORDS] AND clinical care
(only journal articles)

1 7 8 7

of the retrieved paper satisfying the inclusion criteria. For
answering research question, 1) we defined the following
attributes, “Article title”, “Aim of the Research”, and
“Data Sources or Linked Open Data Involved” in the re-
search. Generally, “Article title” and “Aim of the Re-
search” attributes are easy to identify/extrapolate from
a paper, while “Data Sources or Linked Open Data In-
volved” requires a scanning of the paper. That attribute
refers to the data sources proposed or used in the research,
including the ones available in the LOD cloud [20].

For answering research question 2), we defined the
following attributes, “Interoperability / Accordance with
Linked Open Data principles”, “Protection”, “Accessibil-
ity (availability), and maintenance”. A brief explanation
of their meaning is as follows. Interoperability is the abil-
ity of system to interact and understand each other, i.e.,
exchanging data, without any “special effort” [21]. In the
LOD field, some “linked data” principles have been pro-
posed by Berners-Lee [13, 22]. Those principles classify
data according to a five-star scale, as follows [22]: 1) Data
is available in the web according to the Open licence (no
matter about the format); 2) as 1), plus data is expressed
in machine-readable format (e.g. spreadsheets, tables as
images); 3) as 2), plus data is expressed in non-proprietary
format (e.g. Comma Separated Values – CSV format);
4) as 3), plus data is expressed according to W3C open
standards (e.g., RDF and SPARQL) and they can be ac-
cessed by those standards; 5) as 4), plus “Linked RDF”,
“Link your data to other people’s data to provide context”
[22]. Then, “protection” refers to the tools or strategies
adopted for protecting data, including the preservation of
anonymity for data obtained from patients. Further, “Ac-
cessibility (availability), and maintenance” refers to the
strategies adopt for ensuring a longitudinal service. In
case of “5 stars data”, it includes methods for updating
data to maintain “Linked RDF” when data from others
has been changed.

Finally, for answering research question 3), we defined
the following attributes, “Main Contributions”, and “Di-
rections for future research”. The “Main Contributions”
attributes presents a summary of the findings consider-
ing the point of views of the healthcare domain and LOD
domain; “Directions for Future Research” briefly presents

next steps for contributing to the LOD domain. Further-
more, the “Year of Publication” has been considered for
sorting the articles included in the review, and the “Refer-
ence Number” gives the citation number in the References
section.

Summarising, the Classification Grid for literature
characteristics is composed by the following attributes,
“Reference Number”, “Year of Publication”, “Article Ti-
tle”, “Aim of the Research”, “Data Sources or Linked
Open Data Involved”, “Interoperability / Accordance
with Linked Open Data principles”, “Protection”, “Ac-
cessibility (availability), and Maintenance”, “Main Con-
tributions”, and “Directions for Future Research”.

3 Results

As reported in Table 1, and in Figure 1, the literature
search identified 37 citations in PubMed and 2806 cita-
tions in Scopus applying ¡”Linked Open Data”[All Fields]¿
as a search string. Specifying the search strings according
to the aim of the review, and the inclusion criteria (Figure
1), 9 papers have been considered and examined [23–31].

The results of the paper examination are presented in
the Tables 2, 3, and 4, as the attributes for answering re-
search questions 1, 2, and 3, were grouped as mentioned
above. In Table 2, the attributes for answering research
question 1 are presented for each paper. In 4 out of 9 pa-
pers, a framework – or system – supporting LOD datasets
is developed locally for specific purposes (papers 2, 3, 5,
and 7) [24, 25, 27, 29], see Table 2. In papers, 6, 8, and 9
the aim is the development of ontologies in RDF format
[28, 30, 31]. Finally, in the paper 1 [23], a database has
been developed with open data access, without Semantic
Web technologies. As for the data sources involved, pa-
pers 2, 3, 5, and 7 [24, 25, 27, 29], include data collected
locally and LOD sources to use for integrating or enrich-
ing those data in RDF format. In papers, 6, 8, 9, some
LOD ontologies have been used as a base for the devel-
oped ones [28, 30, 31]. In paper 1, LOD sources have not
been used (Table 2). Finally, the publication year for 3
out of 9 papers (papers 1, 2, and 3) [23–25] is 2013, for 3
out of 9 papers (papers 4, 5, and 6) [26–28] is 2014, for 1
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out of 9 papers (paper 7) [29] is 2015, and for 2 out of 9
papers (paper 8, and 9) [30, 31] is 2016, Table 2.

In Table 3, the attributes for answering research ques-
tion 2 are presented for each paper. In 4 out of 9 papers,
five-star-linked open data requirements are met (papers
2, 3, 6, and 8) [24, 25, 28, 30] and a link available to the
linked data datasets/system developed and presented in
the paper have been found on the web, (Table 3, “Ac-
cessibility (availability), and maintenance” attribute). In
three cases, papers 5, 7, and 9 [27, 29, 31], four-star-
linked open data requirements would meet if the linked
data datasets/system were published on the web, (Table 3,
“Accessibility (availability), and maintenance” attribute).
In one case, for paper 1 [23], three-star-linked open data
requirements are met, as the developed Domesday dataset
is available as Excel file and CSV format, (Table 3, “Ac-
cessibility (availability), and maintenance” attribute). Fi-
nally, paper 4 [26], does not meet linked open data re-
quirements as a tool with just exemplary data is available
(Table 3, “Accessibility (availability), and maintenance”
attribute). As for patient data protection, it appears that
it was properly addressed in 4 out of 9 papers (papers 1,
3, 7, and 8) [23, 25, 29, 30], while it appears not be faced
in 5 out of 9 papers (papers 2,4,5,6, and 9) [24, 26, 27, 31].

In Table 4, the attributes for answering research ques-
tion 3 are presented for each paper. In 5 out of 9 papers
(papers 2,3,4,5, and 7) [24–27, 29] the main contributions
are strategies and methodologies for the integration of sys-
tems, including bridging the information gap among forms
for clinical research and the one for patient care (Table 4,
“Main Contributions” attribute). Then, in 3 out of 9 pa-
pers (papers 6,8, and 9) [28, 30, 31] the main contributions
are the development of consistent triple stores (Table 4,
“Main Contributions” attribute). As for “Directions of
Future Research” attribute (Table 4), performance im-
provement or increasing dataset size are the most men-
tioned.

4 Discussion and Conclusions

The presented review gives a snapshot of the current
state of the research in the field of Linked Open Data for
Healthcare and Clinical care. Tables 2, 3, and 4, describe
the research performed in the field, how the issues of in-
teroperability, protection, accessibility (availability), and
maintenance have been faced, and main contributions and
envisaged directions for future research, respectively.

According to the author’s knowledge, at the time of
writing, previous reviews on the subject of Linked Open
Data in Health and Clinical Care have not been published.
The number of considered papers – nine - could seem re-
ally limited; however, a rigorous and repeatable method-
ology has been followed in the literature search, as men-
tioned in the Methods section. Considering the publica-
tion year of the papers included in the review, two were
published in the first third of the year, so more papers
could be published on the subject, by the end of the year.

Another reason for the limited number of papers respect-
ing the inclusion criteria is the complexity of the Web Se-
mantic subject and its limited spread in the clinical prac-
tice domain [18]. In fact, Web Semantic is still a research
subject with main focus on ontologies [9, 10, 16, 17].

The results of this review revealed the main significant
applications in the field developed so far [23–31]. In addi-
tion, the papers analysed have been evaluated according
to the 5 star-based scales for linked open data require-
ments [22]. Then, the amount of papers analysed allowed
answering the three research questions.

Those results can contribute to start new research ini-
tiatives in the domain of Linked Open Data for Healthcare
and Clinical care. One direction is to initiate research in
sub-domains that is not included in those mentioned in
Table 2. Another direction is to improve current initia-
tives for fulfilling Linked Open Data principles compre-
hensively (see the Introduction), while protection, acces-
sibility, and availability of data are maintained, as pre-
sented in Table 3. A third direction is to start research
in the “Directions for Future Research”, as described in
Table 4.

The methodology applied in the presented review can
help researchers in other fields in performing literature re-
views. First, research questions have been defined. Then,
literature databases have been selected according to the
research field (LOD in Healthcare and Clinical care, in this
literature review), search phrases have been defined, and
searches executed. Then, a classification grid has been
defined for being able to answer the research questions.
The described process can be generalized and applied for
other research fields.

Finally, this review presents some limitations. The
authors decided to include only two citation databases
(PubMed/Medline and Scopus), and including in the
study only papers published in journals. However, con-
sidering conference proceedings would have led to the in-
clusion of the same project/system more than once, as
conference proceedings are for presenting partial results
of ongoing research.

In five years, the same literature review could be per-
formed again and the results compared for assessing the
spread of LOD in Health and Clinical Care.
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