
IMIA Yearbook of Medical Informatics 2013

147

© 2013                                  IMIA and Schattauer GmbH

The Evidence-base for Using Ontologies and 
Semantic Integration Methodologies to Support 
Integrated Chronic Disease Management in 
Primary and Ambulatory Care: Realist Review
Contribution of the IMIA Primary Health Care Informatics WG

H. Liyanage1, S.-T. Liaw2, C. Kuziemsky3, A. L. Terry4, S. Jones1, J. K. Soler5, S. de Lusignan1

1 Clinical Informatics & Health Outcomes research group, University of Surrey, Guildford, UK
2 Centre for Primary Health Care and Equity, Faculty of Medicine, University of New South Wales, Australia
3 Telfer School of Management, University of Ottawa, Ottawa, Ontario, Canada
4 Centre for Studies in Family Medicine,London, Ontario, Canada
5 Mediterranean Institute of Primary Care, Attard, Malta

Summary
Background: Most chronic diseases are managed in primary and 
ambulatory care. The chronic care model (CCM) suggests a wide 
range of community, technological, team and patient factors con-
tribute to effective chronic disease management. Ontologies have 
the capability to enable formalised linkage of heterogeneous data 
sources as might be found across the elements of the CCM.
Objective: To describe the evidence base for using ontologies and other 
semantic integration methods to support chronic disease management. 
Method: We reviewed the evidence-base for the use of ontologies and 
other semantic integration methods within and across the elements of the 
CCM. We report them using a realist review describing the context in which 
the mechanism was applied, and any outcome measures. 
Results: Most evidence was descriptive with an almost complete absence 
of empirical research and important gaps in the evidence-base. We found 
some use of ontologies and semantic integration methods for community 
support of the medical home and for care in the community. Ubiquitous 
information technology (IT) and other IT tools were deployed to support 
self-management support, use of shared registries, health behavioural 
models and knowledge discovery tools to improve delivery system design. 
Data quality issues restricted the use of clinical data; however there was an 
increased use of interoperable data and health system integration. 
Conclusions: Ontologies and semantic integration methods are 
emergent with limited evidence-base for their implementation. 
However, they have the potential to integrate the disparate com-
munity wide data sources to provide the information necessary 
for effective chronic disease management. 
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Introduction
Chronic Care Model (CCM) a Holistic Approach 
to Chronic Disease Management (CDM)
Chronic non-communicable disease is ris-
ing and is a global priority, with much of 
that disease managed or capable of being 
managed in primary care [1, 2]. The chron-
ic care model (CCM) provides a holistic 
care model, in contrast to much chronic 
disease management (CDM), which is car-
ried out as if chronic diseases were mutu-
ally exclusive [3]. The CCM suggests that 
a wide range of community, technological, 
care team and patient factors contribute 
to CDM [4, 5]; effective care pathway 
management is complex and best run by 
integrated teams working in partnership 
with patients and their communities [6].

Data and Information Requirements to 
Support CCM
The data and information sharing required 
to support the implementation of the CCM 
is complex; and gaps in information system 
(IS) provision are a limitation on delivering 
effective care. Whilst the CCM provides 
many opportunities to apply technology 
[7], including the use of social media for 
patients to interact and provide support 
[8], and data collected from multiple 
monitoring devices, so called “ubiquitous 
computing” [9]; it is challenging to link 

these disparate systems. In several disease 
areas, including cardiovascular disease [7], 
cancer [10], and diabetes [11] IS develop-
ment is suboptimal and fails to provide 
the timely information required for care. 
Further, for many nations there is almost a 
complete absence of effective information 
and other systems [12].

Approaches to Managing Complex Health 
Information
It has been recognised that to provide more 
personalised health care we need active 
knowledge management, reasoning sys-
tems, and semantic interoperability with 
ontology based models [13]. New informa-
tion and communication technology (ICT) 
tools such as ontologies are needed to build 
federated information infrastructures [14]. 
However, such approaches have hitherto 
largely limited themselves to the scope of 
the data within the computerised record, of-
ten defined by archetypes and represented 
within standard terminologies such as the 
systematised nomenclature of medicine, 
clinical terms (SNOMED CT) [15, 16]. 
Similarly, approaches to messaging have 
not focussed on considerable challenges 
of achieving semantic interoperability 
between data held in separate clinical data 
silos [17]. Whilst we fully support the im-
portance of existing work, we see the data 
requirements for implementing effective 
CDM, using the CCM, as much broader. 
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Box 1   Key definitions

There is a challenge in balancing the usability 
of a coding system, particularly inclusion of 
diverse synonymous terms, with the need 
for accurate capture of discrete concepts. 
Classifications may be less flexible in daily 
use, but allow for more accurate capture and 
categorization of unique concepts and for 
improved interoperability of information. 
Accurate mapping of ontologies, with their 
often ambiguous concepts, to classifications 
is a challenge and may require a “second 
step.” [74] Ontological approaches are used 
to address semantic interoperability issues, 
flexibility of information management and 
integration, and complexity of information 
models [18]. In practical terms, an ontology de-
fines the concepts and their relationships within 
a given domain, in our case CDM, allowing 
their specification (Box 1) [19]. Semantic in-
tegration methods should enable the seamless 
interchange of information across the health 
enterprise to achieve effective CDM, as set 
out in the CCM. The semantic web (Box 1) 
forms a common approach to this challenge. 
Medical semantics are crucial because they 

Fig. 2   The elements of 
the chronic care model 
(Bodenheimer et al., 
2002)

stress the importance of preserving meaning 
as data are passed between different parts of 
the health enterprise [20]. 

Objective:
This study explores the evidence base for 
the use of ontologies and other semantic 
integration methods to support CDM.

Method
Overview
We carried out a realist review [21]. The 
process of a realistic review is to determine 

what mechanism acts within a particular 
context to produce an outcome. 

Context + Mechanism = Outcome 

For the purpose of this review we have looked 
at the context of research identified; and 
identified a mechanism, either an ontology 
or a semantic integration methodology that 
produces an outcome. We have carried this 
out for the six elements of the CCM (Fig 2). 

Search Strategy
We searched PubMed, Science Direct, and 
Scopus databases using the terms “Chronic 

Ontology: 
An ontology is a specification of a conceptu-
alization (Gruber 1993)
It can also be described as a set of concepts 
and their relationships within a given domain.

Semantic interoperability
Interoperability: The capacity for two or 
more systems or components to exchange 
information and to use the information that 
has been exchanged. [73]

Semantic interoperability: The ability of 
different information technology systems, 
software applications and networks to 
communicate and exchange data accurately, 
effectively and consistently so providers 
can use the information as they care for 
patients. (National Alliance for Health 
Information Technology (NAHIT) http://
www.nahit.org)

Semantic Web
The Semantic Web, is an extension of the 
World Wide Web (www) providing a com-
mon framework to allow data to be shared 
and re-used across application, enterprise, 
and community boundaries. (http://www.
w3.org/2001/sw/)

Fig.1   Heterogeneous 
data sources relevant 
to the management of 
a person with diabetes
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support; (4) Delivery system design; (5) 
Decision support; and (6) Clinical IS. We 
describe what evidence we ascertained and 
its outcome. Each element identified, poten-
tially contributing to care (Fig 1) belongs 
to one or more of these six categories. A 
cross-tabulation of how they relate to each 
element of CCM is shown in a supplemen-
tary data file (Table S1) [1]. The literature 
on ontologies seemed to sit firmly within 
the medical model. There was very little 
literature about how the factors such as 
limitations on driving, potentially high in-
surance premiums, diabetes charities, policy 
makers, and professions allied to medicine, 
podiatrists, optometrists, and ambulance 
services, might integrate their information 
into broader patient care.

1. Community Resources
We found little evidence of the use of ontol-
ogies to support this element of the CCM. 
Community support is important in CDM 

disease” and “ontolog*” - the wild card cap-
turing ontology or ontologies - or “semantic 
integration” repeating the same searches 
substituting each element of the CCM. The 
six elements of the CCM are: (1) Community 
resources; (2) Health system; (3) Self-man-
agement support; (4) Delivery system design; 
(5) Decision support, and (6) Clinical IS (Fig 
3). The results, numbers of papers identified, 
obtained from the searches are shown in Table 
1, with duplicate results removed.
The search result abstracts and titles were 
reviewed for relevance to primary and am-
bulatory care, and chronic conditions. We 
excluded publications related to genetic data 
as they are beyond the scope of this review. 
We also excluded the use of ontologies or 
semantic integration tools within a single 
computerised medical record system, as the 
purpose of this review is to explore using 
data between systems and across a communi-
ty implementing the CCM to improve CDM.

Context:
We report the context in terms of the health 
system within which the relevant implemen-
tation took place; this is either reported in 
the text or can be identified from the relevant 
references. 

Mechanism:
The mechanisms we describe are either the 
use of ontologies or some form of semantic 
integration. We include within semantic 
integration:
• Semantic interoperability, the ability of 

computer systems to exchange data with 
unambiguous, shared meaning (Box 1).

• Knowledge management, processes to 
accelerate learning and improve decision 
making [22]

• Other re-use methodologies, which can’t 
be readily classified in one of the other 
categories.

Outcome:
We used the Donnabedian evaluative hi-
erarchy to look at outcomes in terms of 
creation of structures/IT or informatics 
infrastructure, processes and true outcomes 
[23]. Ideally, we would have liked to have 
found implementation of ontologies and 
other semantic integration tools that resulted 

in hard outcomes, for example classifiable 
using the Cochrane Effective Practice 
and Organisation of Care (EPOC) Group 
taxonomy of outcomes [24], likewise with 
strength of evidence and recommendations 
using commonly accepted evidence-based 
medicine tools [25]. However, the level of 
maturity of ontological development is such 
that we had more modest expectations [19, 
21]. We therefore included outcomes where 
the structures/infrastructure to support on-
tologies and semantic integration tools are 
in place; and also where there are processes 
involving their use. 

Results
Introduction
The results are presented reporting the use of 
ontologies in the six domains of the chronic 
care model: (1) Community resources; (2) 
The health system; (3) Self-management 

Fig. 3   Search strategy
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but there is little evidence of the use of 
ontologies or semantic integration methods; 
current systems require reworking [26] and 
there are prototypes [27] and a pan-European 
project in progress [28]. The disparate nature 
of IS in the community is highlighted in a 
study of the risks associated with older peo-
ple transitioning between health providers 
and settings [29], and descriptions of very 
different implementations of integrated care 
in the Netherlands [30]. Telemonitoring is in-
creasingly proposed as a way for monitoring 
people with chronic diseases and optimising 
therapy in the community. There are however 
proposals on how ontologies might be used 
to harness these data [31].

2. The Health System
We found little evidence of a health system 
implementing a systematic approach to on-
tologies or semantic integration processes 
as part of health system redesign from a 
structural perspective. One exception is the 
NHS (National Health Service) Data Model 
and Dictionary, which whilst firmly rooted 
in clinical practice is an attempt to codify 
multiple concepts [32]. This provides an 
ontological mechanism for getting data to 
support business decisions about which 
services should be offered to a community 
(called commissioning health care) in the 
English NHS. In the NHS Data Model the 
elements are divided into data collections, 
classes and attributes. Its principal objective 
is to support usable commissioning datasets. 
For example, enabling national definitions of 
care-groups that might be hard to consistent-
ly identify from complex data; for instance 
the use of readily reproducible methods 
for identifying emergency admissions and 
what constitutes an admission of a person 

with chronic obstructive pulmonary disease 
(COPD) [33, 34]. The Australian GP Data 
Model and Core Data Set was started with 
similar goals but not maintained. 

The majority of ontology and semantic 
integrative initiatives are for supporting 
processes of specific diseases. Across health 
systems proactive teams appeared to be em-
powered by simple well established process-
es including the use of the plan-do-study-act 
(PDSA) cycle [35] and joining innovators 
together into collaboratives [35]. 

Patient empowered care is being promot-
ed through personal health records (PHR) 
and through electronic patient record access; 
again we found little use of ontologies. When 
implemented in the context of an appropriate 
business model this has led to a decrease in 
face-to-face consulting and more “Virtual 
visits” [37]. However, without this stimulus 
these initiatives may fail [38]. There is emer-
gent use of ontologies in PHR [39].

Outcome related initiatives include the 
UK health system interoperable pathology, 
prescribing and primary care data to under-
pin the implementation of pay-for-perfor-
mance (P4P) in the quality and outcomes 
framework (QOF) [40]. The use of these has 
been illustrated in chronic kidney disease 
(CKD), where recognition and management 
of the condition has been enabled through 
these mechanisms [41]. Within this P4P 
scheme pragmatic ontologies (though not 
referred to as such) are created for what rep-
resents a case (to be included in the disease 
registry), and what represents good care [42]. 
An ecological study suggests an association 
between improved primary care disease 
management and variation in incidence of 
transplant and dialysis [43]. Registration 
based systems with an accurate denomina-

tor facilitate the development of ontologies 
to define cases, prevalence and quality of 
care. Similar levels of interoperability have 
been achieved in Denmark, Netherlands, 
Australia and New Zealand [44]; providing 
a data environment which should facilitate 
the development of data driven ontological 
approaches. The patient-centred medical 
home, as proposed in the USA, will generate 
more data in and out of the hospital setting 
but a strategy to integrate these data is not 
apparent; an ontologically rich approach 
could be effective [45]. 

3. Self-management Support
Self-management support is a broad concept 
stretching well beyond the medical domain, 
to a range of community resources (Fig 
1, Supplementary data file Table S1); and 
broader partnerships providing input may 
for example improve care in diabetes [46]. 
Such multi-faceted data sources may lend 
themselves well to ontological exploration. 

In hypertension, an ontology has been 
developed to improve hypertension prescrib-
ing [47], patient information requirements 
in COPD [48], and continuity of care in 
heart failure [49]. Ontologies have also 
been developed to help improve the quality 
of decision making about progression from 
CKD to renal replacement [50]. The ontol-
ogy acts in these cases as a mechanism for 
tying together complex datasets to measure 
the quality of care, progression of disease or 
health outcomes. 

Self-management support has also shown 
benefit in a number of studies, though 
ontologies and other semantic integration 
technologies do not appear to have under-
pinned these training of professionals in 
shared decision making, to improve patient 
self-management support. Self-management 
support has been shown to be effective; for 
example a randomised trial tested this in 
COPD, diabetes, and irritable bowel syn-
drome (IBS) [51]; and a systematic review 
has found evidence of improved outcomes 
in diabetes and hypertension, with some 
evidence for arthritis and less clear evidence 
for asthma and COPD [52]. Interventions in 
self-management support are diverse, with 
little evaluation of their effectiveness [53]; 
circumstances which may lend themselves 

Table 1    Search results from selected bibliographic databases

Areas of chronic care model (CCM)

1.  Community Resources
2.  Health system
3.  Self-management support
4.  Delivery system design
5.  Decision support
6.  Clinical information system

All

3
14
16

7
26

2

Since 
2009

1
8
9
3

16
2

All

2
18

2
0

49
6

Since 
2009

2
14

2
0

32
2

PubMed

All

167
983
124

72
493
197

Since 
2009

81
521

86
45

265
83

Science Direct Scopus
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to an ontological approach. Again there is 
only emergent recognition that ontological 
approaches might form an appropriate 
method to link complex relevant data [54].

4. Delivery System Design
Ontologies have been developed to support 
computerised cognitive behavioural therapy 
(CBT) [55].

A systematic review has described how 
delivery-system design interventions includ-
ing multidisciplinary team care have positive 
effects on both provider behaviour and some 
patient outcomes, particularly for diabetes, 
hypertension and lipid disorders [54]. This 
includes demonstrating the value of practice 
nurses in European primary care [56, 57] 
and of case management [58]. There are few 
methods used to assess the effectiveness of 
the delivery system. Patient Assessment of 
Chronic Illness Care (PACIC) demonstrates 
that it is possible to assess patients’ quality 
of life, and the range of factors that contrib-
ute also lend themselves to an ontological 
approach [59]; though improving comple-
tion rates and linking it to health outcomes 
remain limitations [60].

5. Decision Support
Computing methodologies used for imple-
menting decision support systems include 
Bayesian networks, neural networks, 
rule-based systems, heuristics, and fuzzy 
systems [61]. Recently there has been 
a shift in the methodologies used for 
developing such systems: moving from 
more traditional rule-based systems to 
semantically-rich knowledge based sys-
tems taking advantage of the “connected” 
nature of modern health IS. Ontologies 
have been viewed as more effective way of 
representing the clinical knowledge used 
for the decision making process. However, 
the methodologies used for emulating the 
decision making process are those listed 
above. Ontological reasoning engines are 
being used to add deduction capabilities 
to these systems [62]. The commonest 
use of decision support is the diagnosis 
of disease decision support and it is in-
creasingly used for detecting the risk of 
disease, prescribing or other intervention 
decisions and prevention [63-65].

6. Clinical Information System (CIS)
At a structural level, one of the most com-
mon objectives of ontology and semantic 
integration initiatives has been to improve 
data quality of CISs in order to facilitate 
effective sharing and data reuse. Improved 
data through ontology mediated data dic-
tionaries and datasets have enabled better 
care management and quality improvement 
initiatives [66]. High-quality data has also 
enabled primary care providers to monitor 
the quality of their care and the longitudinal 
impact of policy [67, 68]. One of the main 
contributions from ontology facilitated 
CIS has been improved data coding. For 
example, the US Veteran’s Administration’s 
use a lexicon, a subset of terms, within 
a defined set of terminologies [69]. All 
the unresolved terms (i.e. clinical record 
entries that could not be coded) in their 
Decentralized Hospital Computer Program 
(DHCP) are sent to a central registry [70]. 
SNOMED CT provides a comprehensive 
coverage of these unresolved clinical 
expressions [71]. This improved process 
of data management should enable more 
effective disease management.

Processes improvements from ontology 
designed CISs have been at many levels. 
First has been the improvement of specific 
clinical processes such as decision support 
for chronic disease such as diabetes [72]. 

Second has been the use of ontologies 
for the development of disease registries, 
which have improved care delivery as well 
as facilitating research in children with 
arthritis [73].

Outcomes from ontology based CISs 
have included improved care in diabetes [74] 
as well as better access and adherence to 
evidence-based guidelines and educational 
training for health professionals. 

Summary
Ontologies and semantic integration can 
act as mechanisms for improving CDM; 
this emerging phenomenon is summarised 
in table 2. 

Discussion
Principal Findings
Ontologies and semantic integration methods 
underpin much of what has been achieved 
to develop more integrated care. However, 
very often these approaches are not directly 
recognised as such. The mechanism by which 
they appear to act is at the level of providing a 
better integrated primary or ambulatory care 
record, that supports more holistic care. This 
better integrated record not only allows the 

Table 2   Emerging themes how ontologies and semantic integration can act as a mechanism to improve chronic disease management

Areas of CCM 

1. Community 

2. Health system

3. Self-management 
support

4. Delivery system design

5. Decision support

6. Clinical information 
system (CIS)

Main Mechanisms  

Supporting complex care
Care in the community, Linking services that affect outcomes 
(e.g. social care with medical care), Telemonitoring 

Measures to support interoperability and integration

Self-management tools (though due to their diversity it is 
hard to identify the mechanism)

Shared data registries
Health behaviour modelling, 
Knowledge discovery
Patient assessment of care

Computer-assisted medical diagnosis, Care pathway 
planning/allocation

Integrated health information systems, 
Interoperability of data
Consistent clinical coding of key data
Data quality

References

27-33

34-47

48-56

57-62

63-67

68-74
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health care professional access to the required 
data at the point of care, it also enables clin-
ical audit and other mechanisms to benefit 
care. However, the level of sophistication 
of such approaches has been limited. There 
are no report of problems with patient safety 
associated with using more ontologically 
rich records. 

However, there are also important gaps in 
the use of ontologies and semantic integra-
tion methods that required further research 
(Table 3). These gaps might be present 
because linking these datasets is considered 
too hard. Our assertion is that data driven on-
tological and semantic integration methods 
should enable more selective linkage of data 
and consequent improvement in patient care.

Implications of the Findings
Until more sophisticated methods of seman-
tic integration are piloted and tested for their 
effects on health outcomes the evidence base 
for these technologies will remain limited. 
Consequently, the evidence for the use of 
ontologies and semantic integration methods 
is limited by current CIS. 

Better use of ontologies and semantic inte-
gration has the potential to support the CCM 
and improve CDM. It could be that progress 
could be made using the Donnabedian ap-
proach; with initial emphasis on creating the 
right informatics infrastructure; then building 
processes that fill in the gaps, for example in 
the areas of community support and delivery 
system design; with finally empirical studies 
conducted to see if this infrastructure and 
processes improved health outcomes.

Comparison with the Literature
Others have grappled with the difficulty 

of modelling holistic health [75]. Although 
the scope of the CCM is community wide, 
we recognise there are challenges in coding 
data, to make them more readily interopera-
ble. Coding can be challenging in itself [76, 
77], some systems do not routinely record 
reason for encounter [78], and other factors 
can distort coding. Coordination between 
professionals is also thought to be fimportant 
in delivering effective CDM [79], and again 
the creation of richer records might help 
underpin this process. Whilst we could not 
find literature about the use of ontologies 

and semantic integration for optometry or 
podiatry, other literature points towards the 
value of linking data they hold. Eye disease 
can be associated with worse blood pressure 
control in diabetes [80], and lower limb com-
plications are often associated with problems 
with other areas of diabetes control [81]. 

Limitations of the Method
The principal limitation of the method is 
the lack of experimental work, about how 
ontologies and semantic integration methods 
might improve CDM. We also did not ex-
plore the potential to link primary care data 
with genetic or other databases, something 
of enormous potential benefit [82] and cur-
rently the subject of research [83].

Additionally, restricting our search to 
ontologies implemented in more than one 
system may mean we failed to consider 
ontologies implemented in a single com-
puterised medical record system. Possibly 
excluding pilot studies that might have 
added to our understanding in this area; for 
example we excluded some studies of the 
use of ontologies in decision support, which 
might have broadened our perceptions of 
their role [84, 85].

Call for Further Research
Ontologies and semantic integration technol-
ogies recognise that these are approaches in 
their relative infancy, and requiring further 
research and development rather than mature 
technologies ready for deployment [19, 21]. 

Conclusions
Interoperability of data and information 
has been achieved in many primary and 
ambulatory care settings; particularly to 
enhance self-management support. However, 
the benefits have largely been achieved for 
single conditions, and largely in a medical 
context. Further development of ontologies 
should enhance semantic interoperability 
across the health enterprise. Ontologies 
should enable more robust integration of 
data, including patients’ reasons for encoun-
ter, and hence improved potential to manage 
chronic disease. 
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