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Abstract 

There is a growing burden of chronic non-communicable dis-
ease (CNCD). Managing CNCDs requires use of multiple 
sources of health and social care data, and information about 
coordination and outcomes. Many people with CNCDs have 
multimorbidity.  Problems with data quality exacerbate chal-
lenges in measuring quality and health outcomes especially 
where there is multimorbidity. We have developed an ontolog-
ical toolkit to support research and quality improvement stud-
ies in CNCDs using heterogeneous data, with diabetes melli-
tus as an exemplar. International experts held a workshop 
meeting, with follow up discussions and consensus building 
exercise. We generated conceptual statements about problems 
with a CNCD that ontologies might support, and a generic 
reference model.  There were varying degrees of consensus.  
We propose a set of tools, and a four step method: (1) Identifi-
cation and specification of data sources; (2) Conceptualisa-
tion of semantic meaning; (3) How available routine data can 
be used as a measure of the process or outcome of care; (4) 
Formalisation and validation of the final ontology.
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Introduction  

There is a global epidemic of chronic non-communicable dis-
eases (CNCD) and of people with multimorbidity. Conse-
quently, there is a move away from the single disease approach 
to whole patient care with a focus on integration and continui-
ty of care delivered by a multidisciplinary team. Chronic dis-
ease management (CDM) is a systematic approach to preven-
tion and care of a chronic condition often requiring health, 
social as well as other forms of care [1].

The chronic care model (CCM) describes four health system 
and three community dimensions that are synergistic, support-
ing productive interactions and relationships between an in-
formed activated patient and a prepared proactive health pro-
vider team. The dimensions are: clinical information systems
(CIS), decision support, delivery system design/re-orient 
health services, self-management/develop personal skills, 
strengthen community action, create supportive environments, 
and build healthy public policy. In this context, the ideal CIS 
must support clinical workflow and decision-making, a com-
mon terminology, continuity of care, multidisciplinary inte-
grated care, and activated and proactive patients, providers 

and community. Routinely collected data in a CIS should also 
be able to support CDM research and quality improvement
(QI) studies [2]. However, the quality of routinely collected 
data is often suboptimal [3].

Diabetes mellitus provides a good exemplar. Poor data quality 
may also affect patient safety. Routinely collected datasets are
often incomplete or inconsistent, with similar clinical concepts 
represented in different ways using non-standard terminology.
Existing data often has errors: miscoding, misclassification or 
misdiagnosis  [4–7].

Managing large datasets using manually constructed pro-
cessing is unwieldy and the data linkage requires painstakingly
detailed mapping. These reasons motivated us to work with 
Ontologies. CDM involves care delivery over time and dis-
tance requiring integration of people, processes and data [8];
and understanding of ontological challenges faced in other
disciplines [9].

Ontologies in Primary Care

Ontologies offer a useful approach for representing the 
knowledge, processes and actors that comprise CDM. It is 
particularly useful for people with CNCD whose health data is 
often distributed among a number of different health and so-
cial care providers and in different formats. The ontology can 
then be formalized and translated into software to automate the 
data and data quality management. In addition, the ontological 
approach can potentially be used to capture the essence of 
CDM and the CCM in primary care.

The term “ontology” is used with different meanings in differ-
ent communities. Our preferred definition of an ontology is “a
specification of a conceptualization” [10]. An ontology defines 
concepts and their relationships within a domain and is ame-
nable to machine processing [11]. It does not assume that all 
individuals have a single disease label – multimorbidity and 
coding errors are common. Ontologies also describe properties 
(binary relationships) between individuals which can have an 
inverse (e.g.  people can either have, or not have a maximum 
plasma glucose > 11.0mmol/L).  Classes in ontologies contain 
individuals, are concrete or definable concepts, and can be 
organised into hierarchies. For example, diabetes mellitus is a 
super-class, with Type 1, Type 2, etc. classes within it. The 
classes are built up of descriptions that must be satisfied to be 
a member of that class (e.g. people with Type 1 diabetes re-
quire insulin for survival) [4-7].

However there is a lack of formal protocols as to how to de-
velop and incorporate ontologies in practice to support CDM 
research and QI. Ontologies are not meant to be one off mod-
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els but should enable us to learn about a domain area. We 
therefore explored the extent to which ontologies and ontolog-
ical approaches could improve informatics-enhanced clinical 
and research decisions about people with CNCD. 

Methods

Literature Review

We carried out a realist review of the use of ontologies to im-
prove data quality in CDM [12]. We explored ontologies as a 
mechanism that in the context of CDM enables an outcome; in 
this case improved capability to conduct research and QI pro-
jects.

The scope of this work is limited to patient-centred ontologies 
(i.e. the patient is in the centre of our ontological framework) 
in primary and integrated care. Though we would eventually 
like to broaden this work – in this first step we wanted to re-
strict our ontologies to those relevant to chronic disease man-
agement, and, where greater specificity is needed, we used
diabetes as an exemplar.

Workshop at MIE 2012

We extended the work through the Primary Care Informatics 
Working Group of the European Federation of Medical Infor-
matics (EFMI) by conducting a workshop at MIE2012. The 
participants of the workshop included health informaticians, 
clinicians and researchers actively engaged in data quality and 
CDM. Workshop participants agreed that ontologies and onto-
logical approaches to data quality and research in CDM were a
useful and worthwhile research and development program. It 
was also proposed that a toolkit was needed to promote and 
support the development of an “ontological culture” [13].

The toolkit development process included (1) consensus 
among experts in the field as to what should be in an ontology 
toolkit, and (2) develop the toolkit building on an established 
method. [14]. This development process comprised of:

1. Capturing context by defining the domain ontology and a 
reference terminology  

2. Modeling data and metadata mechanisms, and framing
the domain and data quality ontology  

3. Formalisation and ontology development tools  

4. Validation of domain and data quality ontology.

Consensus development involved two rounds: (1) an inclusive 
round seeking to identify elements of the toolkit, and (2) a
focused round to achieve consensus on necessary tools.

Round 1 Consensus: inclusive list of Toolkit elements

The objective of Round 1 was to identify an inclusive list of 
elements of a toolkit. The guiding framework comprised in-
formational and clinical approaches to using ontologies. While 
both are formal and emphasise an ontological world view, they
were also different. The informational methods were executa-
ble, without losing patient preference or autonomy (i.e. path-
ways and mappings must be patient-enabling not prescriptive). 
The clinical methods consisted of a conceptual framework or 
taxonomy, a controlled or reference terminology, and some 
form of critical appraisal or validation (e.g. using reasoners).  

The toolkit had three main conceptual areas and a focus on 
delivering patient-centred integrated care:

1. To integrate data from multiple sources, recognising the
different levels of granularity,

2. To describe the coordination of care provided by the 
multidisciplinary team, and

3. To describe the health outcomes and evaluative frame-
work.

Clinical approaches to the Ontology Toolkit

(a) Conceptualisation

Conceptualisation involves exploring the classes/clinical con-
cepts identified their relationships and constructing taxono-
mies in a structured way so that they can be shared and re-used 
(Table 1).

Table 1 - Conceptualisation

Classes / 
Concept
attributes

Concept definition
(physical/specific or 
abstract/conceptual)

Key elements of 
the concept defi-
nition 

Relations Association between 
concepts. (usually 
binary)

Relations among 
the classes

Attributes 
/Properties 
/Slots

Describe the features 
of the concepts.

Attributes and 
which values they 
can take

Taxonomies Classes are organized 
into taxonomies, de-
fining superclass-
subclass hierarchy

Classes organized
into a taxonomy, 
preferably patient-
centred

(b) Controlled or reference terminology

We used SNOMED CT; although often used as a controlled 
vocabulary, it may not meet all the requirements for data in
CDM, or for the components of a research or QI project [15,
16].

(c) Validation/critical appraisal/pilot study

We conducted a critical appraisal – to ensure that the ontology
meets the requirements of the domain being modeled. Auto-
matic validation by reasons [11] using ontologies over data 
helps in determining defects in data when its features do not 
agree with the domain ontology declares (e.g. relations and 
possible values). The power of ontologies could be extended 
by associating probability distributions – also referred to as 
fuzzy ontologies. A class A may have an attribute with the pos-
sible values V1, V2 and V3. A domain ontology [11] should 
check whether a test value fulfills this constraint; for example,
by calculating the probability of each possible value. This uni-
variate example could be extended to multivariate cases (prob-
ability of a value given two or more items), not only to attrib-
ute values but to relations, and to numerical data including 
Bayesian methods. We emphasise these aspects because quali-
ty of data for research, especially for building predictive mod-
els for decision support systems, is also sensitive to noise, 
which is more difficult to detect than simple domain con-
straints. Additionally this may provide estimates of the statisti-
cal predictive value of key variables.

Round 2 Consensus: essential elements of Toolkit

Round 2 aimed to achieve consensus, around the essential el-
ements of the toolkit. We asked about the appropriateness of 
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each component identified in Round 1 using the RAND/UCLA 
Appropriateness Method (2001) [17]. The statements are 
available online at: http://clininf.eu/images/stories
/ontology/round2.pdf with the online questionnaire available 
at: http://www.surveymonkey.com/s/DT5 WNGM/.

Results

Outputs from the workshop and questionnaires:

The outputs from the workshop, and the round one question-
naire, were 12 consensus statements in four areas plus a vali-
dation question.  
1. The context of clinical interactions is easily recorded in

and accessed from computerized medical records (CMR) 
systems for use in QI research.

2. The roles/actions of health care providers are easily rec-
orded in CMR systems.

3. There are reliable and valid tools/methods  for conceptu-
alizing how good or poor care is represented in CMR 
systems

4. There are no standard tools for combining semantic 
meaning between CMR systems with different data mod-
els (e.g. episode base hospital data with encounter based 
primary care data).

5. The context of data recording in CMR systems can only 
be understood in detail by clinicians and coding staff re-
sponsible for the records and how they are coded.

6. Current methods for conducting research based on heter-
ogeneous data sources are adequate.

7. Ontologies can be used to conceptualise clinical interven-
tions and derive/define outcome/impact variables.

8. CIS use a single data coding system (reference/clinical 
terminology) across the health enterprise.

9. Different codes are used to describe a patient with the 
same clinical condition (e.g. Tension headache, de-
pressed, situational crisis).

10. The same codes can have different meanings in the same 
health system (e.g. Asthma, Raised cholesterol).

11. Ontologies can be successfully implemented in CIS to 
support clinical work.

12. Ontologies can be successfully implemented in CIS to 
support QI and research.

Validation statement: Validation of ontologies is impossible.

In round 2 we explored the degrees of consensus [17]. We 
had 12 responses (92%) to round 1, and 8 (65.2%) response to 
round 2. There was consensus about statements 5, 7, 9, 10, 11,
12, and the validation statement; and there was broad agree-
ment that we lacked methods of objectively defining clinical 
context and linking heterogeneous data. Respondents were 
equivocal about statements 2, 3, and 4 – which asked if there 
were sufficient tools to assess health care providers, measuring 
the quality of care and for semantic interoperability respective-
ly. There was disagreement about whether data are easily rec-
orded in computerised medical record systems, whether they 
used a single coding system and there was marked variation in 
coding practice. This might have reflected different clinical 
backgrounds of the respondents. 

Recommended tools in the Ontology Toolkit

We considered the following tools and technologies that 
should be included in a toolkit, whilst recognising that other 
technologies may be required.

DOLCE (Descriptive Ontology for Linguistic and Cognitive 
Engineering): This is a high level conceptual tool, a descrip-
tive upper-level ontology designed for automatic reasoning 
and interoperability. DOLCE has a cognitive bias; it aims to
capture the ontological categories underlying natural language 
and human common sense [15,18]. DOLCE describes human 
use of concepts, without revising them; incorporating a distinc-
tion between entities which extend through time (endurants)
and those that happen in time (perdurants). DOLCE distin-
guishes between several entities co-locating in the same space 
and time (e.g. Type 1 diabetes and insulin needed for treat-
ment). It has included some concepts from OntoClean. Onto-
logical analysis using DOLCE has been conducted using
SNOMED CT[18]. We recommend this tool during the initial 
two stages of the toolkit development process.

OntoClean Methodology: This is a methodology based on 
formal notations, which are general enough to be used in any 
ontology, independently of domain. We suggest its use to de-
fine a set of meta-properties which, in turn, are used to charac-
terise relevant aspects of the intended meaning of the proper-
ties, classes, and relations that make up an ontology. The me-
ta-properties impose constraints on the taxonomic structure of 
an ontology, which help in evaluation [19]. We consider this 
methodology to be useful during the second stage of our pro-
posed ontology development process.

OWL (Web ontology language): OWL allows description of 
knowledge in a machine-accessible way. It builds upon RDF 
(Resource Description Framework) and RDF schema and uses 
RDF’s XML syntax.  OWL is mapped on to logic to provide 
support for formal semantics and reasoning. In formal seman-
tics “Precisely” excludes any subjective thinking, intuition or
different interpretations by different people or machines [20].
This ontology has been applied to research into improve quali-
ty in hypertension management in primary care [21].

PROTÉGÉ – We recommend this as the principal authoring 
tool. It is a graphical tool for ontology editing and knowledge 
acquisition that can be adapted to enable conceptual modelling 
of semantic web languages such as OWL. There are many add-
ins available for this tool and potential ways it might be used. 

The latter two tools are recommended for the implementation 
of the ontologies.

A four step method

We propose a four step method of re-usable components that 
is applicable across many studies:

1. Identification and specification by expert users of the po-
tentially heterogeneous data sources and dataset needed to 
identify cases, interventions, outcomes measures and any 
comparator group.  These experts might be drawn from
primary and secondary care, informatics, social care, work-
force planning and other branches of management, aca-
demia and guideline developers; ideally with access to or 
knowledge of relevant routine data in their domain.

2. Conceptualisation of semantic meaning; how they can be 
used as a measure of the process or outcome of care.  The 
contributing experts separately apply the ontology to their 
dataset to enable cases, interventions, outcomes and com-
parator data to be identified.  

3. Formalisation. The formal approach will reflect the pro-
ject’s complexity, and use Protégé. A semantic mapping 
will combine the domain experts’ data source specific on-
tologies into a core ontology.  The study outcomes would 
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be derived from the relationships within this ontology. We 
will define a reference terminology for the final analysis
[25].

4. Validation. Domain experts will test the validity of the 
combined model using a three step process:
� Data flows (for key inclusion, exclusion and outcome 

variables).
� Process use-case models (interaction of key actors im-

pact on outcome variables).
� Business process models  (affecting outcome varia-

bles).

Figure 1- Reference model for an ontology

Reference Model for Toolkit Implementation

We developed a reference model for applying the toolkit in a 
health care environment (Figure 1). Its elements are:  
1. Health Information System (HSn): These are candidate 

systems that will represent the root level of information 
hierarchy being represented by the model. They will most 
commonly be CIS, but might include social care systems.

2. Semantic Data Dictionary (SDn): This is built using a 
template specified in the toolkit to capture the data de-
scription (including the semantic meaning) and be vital to 
resolve any ambiguity in data within the model.

3. System-specific Ontology (ONTn): This is developed by 
an expert user of the candidate system based on the in-
structions given in the toolkit.

4. Ontology Mapping: ONTn will be mapped to a Core On-
tology using SDn to resolve any conflicts. This will be de-
veloped by the party that will be utilizing the final prod-
uct, the core ontology.

5. Core Ontology (ONT): The primary output of the process;
iteratively validated using expert knowledge.

6. Expert Knowledge: A domain expert who will be able to 
validate the Core Ontology and the mapping.

This model is a development of a previous approach [14]; but 
adding the dimension of complex data, often aggregated from 
different sources. This added complexity is handled by intro-
ducing semantic mapping to generalise ontologies across the 
systems considered for the ontology developed. This extended 
approach is needed when integrating data from systems with a 
wide scope across the health ecosystem. 

Discussion

There was consensus among participants in the workshop that
formalised capture of context is needed, and that complex mul-
timorbidity and the elements of care delivery cannot readily be 
coded and made interoperable with a single terminology.
Likewise, it is not feasible to create models and handcraft 
linkages and logic for each chronic disease. 

The study builds on previous reviews of ontologies which 
were oriented towards standards and terminologies [14,23].
We propose a practical toolkit to provide a process and the 
components needed to develop a practical ontology to support 
CDM. This again adds to a recent review of the evidence-base
for using ontologies in CDM [12]. The toolkit proposes tools, 
a four step method, and provides a reference model of how the 
process might be broken down into manageable bite-size 
chunks from which a final ontology is developed.

There are two challenges in ontology design. One is agreeing 
upon the method of development and the terminology that is 
used to build the ontology. Scalability between high level on-
tologies like BFO or SNOMED in healthcare and frontline 
healthcare is often a problem. Second is the role that ontolo-
gies play. Some regard ontologies as high level representations 
and others detail representations. Ontologies are tools to link 
the micro and macro but first they must be designed using 
good engineering principles. Too many ontologies are created 
as a one off solution to a problem and that limits generalisabil-
ity. Therefore the ontology toolkit provides a common mind-
set for ontology design.

There are a range of other coding systems that we might have 
considered as well as SNOMED CT as a reference terminolo-
gy. Whilst we acknowledge their limitations, [15, 16], other 
terminologies are used more. The International Classification 
of Disease (ICD) is probably the most used internationally,
with the International Classification for Primary Care (ICPC) 
used widely in primary care [26]. ICD often has to be extend-
ed through the use of a clinical modification [27]. The Unified 
Modeling Language System (UMLS) enables library classifi-
cations and clinical terminologies to be linked and may aid 
knowledge representation [28].

Conclusion

Ontologies are the best approach available to combine data of 
different granularity needed to provide integrated care to pa-
tients with chronic diseases [24]. This toolkit provides an 
emergent method for using ontologies to support CDM and the 
Chronic Care Model.
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