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Abstract. This article presents CVDO, an ontology of cardiovascular diseases
structured on OBO foundry’s principle and based on BFO and FMA. CVDO
reorganizes and completes DOID cardiovascular diseases around OGMS tripartite
model of disease, and builds its taxonomy of diseases largely by automatic
reasoning. It points to the need of OGMS to be supplemented by methodological
rules to determine the end point of a disease course, and to locate the material
basis of a disease in a causal chain of disorders.
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Introduction
The OBO Foundry [1] is to date one of the most significant attempts to build
interoperable ontologies in the biomedical domain. It is based on the upper-level realist
ontology Basic Formal Ontology (BFO) [2], which aims at formalizing the most
general classes on which domain ontologies should be based. In this framework, the
Ontology for General Medical Science (OGMS) [3] provides a general model of
disease, formalized as a disposition of an organism to undergo pathological processes,
this disposition being based on an underlying disorder. For example, epilepsy is
formalized as a disease to undergo epileptic crises (the pathological processes), due to
some neuronal abnormal structure (the underlying disorder). The OBO Foundry also
includes as a candidate the Human Disease ontology DOID [4] which lists human
diseases. Although DOID accepts OGMS definition of disease, DOID classes have not
yet been structured according to OGMS tripartite model of disease. The Cardiovascular
Disease Ontology (CVDO) aims at reorganizing and completing DOID cardiovascular
disease classes on the base of OGMS model of disease, and to align it with anatomical
classes extracted from the Foundational Model of Anatomy (FMA) [5], in order to
evaluate how OGMS model of disease can fit in the cardiovascular domain. The latest
version of BFO (2.0) was used as a top-ontology, and CVDO was built in OWL format.
CVDO aims at fulfilling OBO Foundry’s principles; in particular, it concerns a welldefined scientific field, namely cardiovascular diseases of the human adult, and it is
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openly available2. We will present CVDO’s classes in a first part, the relations and
logical aspects in a second part, and some design decisions we made in a third part3.

1. Classes
CVDO reuses extensively classes from pre-existing OBO Foundry ontologies, to stay
in line with OBO Foundry’s interoperability requirements. BFO 2.0 was fully imported,
and parts of the other ontologies were imported by MIREOT [6] using Ontofox [7]. 90
classes of FMA relevant for the anatomy of the cardiovascular system were imported,
as well as relevant classes from OGMS. 294 classes4 were imported from DOID, which
include references to MeSH, ICD, NCI's thesaurus, SNOMED CT and OMIM diseasespecific concepts and identifiers.
In order to test whether OGMS tripartite structure was applicable, DOID classes
were reorganized and completed; in particular, some heart diseases5 families (like heart
valve diseases or heart conduction diseases) were systematically completed. DOID’s
taxonomical structure was changed were needed. In particular, some classes imported
from DOID (and therefore originally categorized as subclasses of Disease) had to be
reclassified in OGMS tripartite model as subclasses of ‘Pathological bodily process’
(e.g. Infarction, ‘Cerebrovascular accident’, ‘Pulmonary embolism’, Ischemia or
Thrombosis), or Disorder (e.g. ‘Esophageal varix’). We made OGMS structure explicit
for most diseases, by introducing related disorder classes with descriptive names like
‘Fluid in the pericardial cavity’, and pathological process classes like ‘Right
ventricular hypertrophy’. In total, 290 new classes were created in CVDO. Aristotelian
definitions [1] reflecting this new classification are included6.
Interestingly, the distinction between a disease and an associated pathological
process is sometimes difficult to express in common medical language: for example,
“atrial fibrillation” can refer to an episode of atrial fibrillation, or to a disposition to
undergo frequently atrial fibrillation episodes. In such cases (which concern mainly
heart conduction diseases), we followed the realist methodology by distinguishing two
entities: ‘Atrial fibrillation (disease)’ (which is a Disease, and thus a Disposition) and
‘Atrial fibrillation (process)’ (which is a ‘Pathological bodily process’). Similarly,
when the distinction between a disease and its associated disorder was difficult to
express, we introduced two entities – e.g. ‘Aneurysm (disorder)’ (the material
structure) and ‘Aneurysm (disease)’ (the disposition that this aneurysm disorder would
rupture, or lead to other pathological processes).
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2. Relations and reasoning
Following OBO Foundry’s spirit of minimizing the number of relations, we reused
only relations coming from BFO 2.0 7 , in particular to relate diseases with their
associated disorder and disease course [8]. The disorder R underlying a disease D is
formalized as a material basis of this disposition: D SubClass of ’has material basis at
all times’ some R. The disease D is seen as a disposition to its whole disease course C
[3]: when realized, D SubClass of ‘realized in’ some C. A pathological process P of D
is formalized as being part of this disease course C: C SubClass of ’has occurrent
part’ some P.
CVDO was classified as consistent by the Pellet reasoner. 193 classes of CVDO
have been axiomatized as defined classes. CVDO is built as an asserted monohierarchy
(every class is asserted as being a subclass of at most one parent class 8), and inferred
polyhierarchy. As much as possible, we did not assert the disease taxonomic structure;
instead, class axioms were such that the reasoner would build the taxonomy
automatically. For example, the disease called “ischemic cardiomyopathy” in the 1995
classification of cardiomyopathies ([9]) is not considered as a cardiomyopathy in the
2008 classification ([10]; see also [11], [12]). In CVDO, accordingly, ‘ischemic
cardiomyopathy’ was correctly automatically classified as a subclass of
‘cardiomyopathy (1995 definition)’, but not of ‘cardiomyopathy (2008 definition)’.
Automatic taxonomic classification also enables to group heart diseases along different
anatomical criteria (for example, as ’endocardium disease’ / ‘myocardium disease’
/ ’pericardium disease’, or as ‘left ventricle disease’ / ’right ventricle disease’ / ’heart
valve disease’), and by etiology (‘genetic heart disease’ / ‘hypertensive heart disease’ /
‘ischemic heart disease’9). Finally, using the reasoner revealed logical gaps in medical
definitions: the reasoner classified ‘cor pulmonale’ as a subclass of ‘cardiomyopathy
(1995 definition)’, and careful reading confirmed that indeed, cor pulmonale satisfies
the definition given in [9], although it had not been included in the 1995 classification.

3. Design decisions
We had to make several decisions when building the ontology, concerning: the
existential conditions of a disease, how to define a disease of a specific anatomical
entity (e.g. heart disease), the end point of a disease course, and how to find the
material basis of a disease.
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It would also be desirable to be able to relate a disease and its etiological process, or a disorder (for
example a ‘hypertrophied myocardium’) and the pathological process that brings it to existence (for example
a ‘myocardium hypertrophy’), but this would require first to elucidate the nature of causation in BFO.
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concepts could be seen as suggestions for DOID to adjust some of its classifications.
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3.1. The existential conditions of a disease
It seems that most dispositions having a disorder as material basis are not diseases
before they are realized. Consider for example a disposition to myocardium
hypertrophy because of a mutated gene; we considered this disposition to become a
hypertrophic cardiomyopathy disease only if and when the hypertrophy happens (that is,
when the disposition is realized) 10 . Thus, we formalized: ‘Hypertrophic
cardiomyopathy’ Subclass Of 'realized in' some ('disease course' and ('has occurrent
part' some 'left ventricular myocardium hypertrophy')). On the opposite, some diseases
may exist even if they are not (and may never be) realized, for example Brugada
syndrome, which can lead to sudden death by ventricular fibrillation, but may also
remain silent during the whole life of a person 11. Finally, some pathological processes
can happen without a corresponding disease: a person can undergo a thrombosis
process because of thrombophilia (a strong disposition to thrombosis), but such a
pathological process can also happen because of environmental factors (e.g. a seated
position maintained too long) or just as a hazard (i.e. the patient had a disposition for a
thrombosis process with a low probability - too low for this disposition to be
considered as a disease - but this unlikely process still happened).
3.2. Defining a disease of an anatomical entity
One major decision was how to define consistently disorder, pathological process and
disease of an anatomical entity, for example ‘Heart disorder’, ‘Heart pathological
process’ and ‘Heart disease’. We considered a heart disorder as a disorder located in
the heart, rather than being a part of the heart, in order to include disorders such as a
bacterial colony in the heart, or a blood clot in a coronary artery. Similarly, we
considered a ‘Heart pathological process’ as a pathological process that occurs in12 the
heart (e.g. a myocardium infarction). Finally, we considered that a necessary and
sufficient condition for a disease to be classified as a heart disease is either to be
realized by a disease course including at least one heart pathological process, or to have
a heart disorder as material basis13. This raises two further questions: at which point
10
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does the disease course of a disease end? And how can be determined the material basis
of a disease?
3.3. The end point of a disease course
Consider an instance of systemic disease like hemochromatosis, which affects (by iron
overload) many organs at the same time, including the heart. The iron overload in the
heart causes a restrictive cardiomyopathy, in which the left ventricular myocardium
becomes abnormally stiff, leading to further pathological processes, like a
dysfunctional contraction process of the myocardium. Is this dysfunctional process
only part of the disease course of the restrictive cardiomyopathy? Or is it also part of
the hemochromatosis disease course? One could decide that the disease course of
hemochromatosis stops when the disease course of the restrictive cardiomyopathy
starts; in this case, this instance of hemochromatosis causes a heart disease (the
restrictive cardiomyopathy), but is not by itself a heart disease. Alternatively, one could
decide that the disease course of the hemochromatosis includes the disease course of
the restrictive cardiomyopathy; in this case, this instance of hemochromatosis would be
a heart disease (because of the criteria exposed in 3.2; and it would also be a disease of
every other organ it affects). CVDO is largely neutral concerning this question, but this
is an important issue on which all ontologies based on OGMS should agree.
3.4. Finding the material basis of a disease
Consider again restrictive cardiomyopathy. This disease is not necessarily due to
hemochromatosis – it might also be caused by e.g. genetic factors [11]. Is the stiff
myocardium the material basis of this disease (in which case the process causing this
stiffness may be the etiological process of the disease), or is this myocardium stiffening
a pathological process of this disease? In this example – and many others – it was not
obvious to the authors14 when devising CVDO which disorder, in the causal chain of
disorders (and pathological processes), should be selected as the material basis of the
disease. Therefore, we adopted the following (informal) methodological rule:
“First-Disorder Rule”: The material basis of a disease D is the first disorder in
the causal chain of disorders in which D appears (or the first disorder that
immediately follows the last material basis of any disease preceding D in this
causal chain, in case such diseases exist)15.
The First-Disorder Rule suggests that the material basis of a restrictive
cardiomyopathy may be, for example, a genetic mutation (for a genetic restrictive
cardiomyopathy) or iron overload in the ventricles (for a restrictive cardiomyopathy
due to hemochromatosis). In all cases, the stiffening of the ventricles walls should be
seen as a pathological process of the disease. Thus, ‘Restrictive cardiomyopathy’ was
14
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This rule should be tested in other medical domains, and refined, as it raises interesting questions –
for example: how can be formally defined the causal chain associated with a disease? What does
“immediately follows” mean? Can this rule be applied on leaf disease universals only, or also on non-leaf
disease universals? This methodological rule may imply that the material basis of a disease will depend on
the degree of precision in the description of the disorders, as well as on the material basis of other diseases in
the causal chain; it is an open question whether this is compatible with BFO’s realist spirit.

formalized as SubClass Of ‘realized in’ some (‘Disease course’ and (‘has occurrent
part’ some ‘myocardium of left ventricle stiffening’)), rather than as having as material
basis the stiff myocardium.

Conclusion
Devising CVDO showed that a realist ontology like OGMS enables to make important
ontological distinctions between entities that are not well distinguished in common
medical language, to build elaborate disease classifications by automatic reasoning, and
to derive interesting inferences concerning disease classifications. We propose that
OGMS be supplemented by methodological rules to determine the material basis of a
disease and the end point of a disease course, which may also help to articulate OGMS
formalization with the River-Flow model of disease [14]16.
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