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What is an ontology? 
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Definition 

Biomedical ontology 
 Artifact created for representing biomedical entities, 

their terms and their relations 
Ontology “spectrum” 

 Terminologies – focus on naming 
 Controlled vocabularies / Thesauri – focus on use for 

indexing and retrieval (knowledge organization) 
 Ontologies – support reasoning (logical definitions) 

Ontologies vs. knowledge bases 
 Definitional knowledge – mostly in ontologies 
 Assertional knowledge – mostly in knowledge bases 
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Example  Vocabulary 

Vocabulary – Collection of terms 
 epileptic fit grand mal 
 generalized seizures tonic clonic 
 generalized tonic clonic seizure 
 generalized tonic-clonic seizure 
 Grand mal 
 Grand mal epileptic fit 
 Grand mal fit 
 Grand mal seizure 
 haut mal 
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Example  Relations 

Relations among entities 
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Example  Logical definition 

Anticonvulsivant therapy 
(in SNOMED CT) 
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Example  Knowledge base 

Valproic acid (in NDF-RT) 
 National Drug File – Reference terminology 
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3 examples of biomedical ontologies 

 International Classification of Diseases (ICD) 
 SNOMED Clinical Terms (SNOMED CT) 
Medical Subject Headings (MeSH) 



International Classification of 
Diseases 
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ICD  Characteristics (1) 

Current version: ICD-10 
Type: Classification 
Domain: Disorders 
Developer: World Health Organization (WHO) 
 Funding: WHO 
Availability 

 Publicly available: No 
 Repositories: UMLS and BioPortal 

URL: http://www.who.int/classifications/icd/en/ 

http://www.who.int/classifications/icd/en/


  Lister Hill National Center for Biomedical Communications 12 

ICD  Characteristics (2) 

Number of 
 Concepts: 12,318 
 Terms: 1 per concept (tabular) 

Major organizing principles: 
 Tree (single inheritance hierarchy) 
 No explicit classification criteria 

 Idiosyncratic inclusion/exclusion mechanism 

 .8 slots for Not elsewhere classified (NEC) 
 .9 slots for Not otherwise specified (NOS) 

 Formalism: Proprietary format 
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ICD  Top level 
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Epilepsy in ICD-10 (1) 
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Epilepsy in ICD-10 (2) 

 



SNOMED Clinical Terms 
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SNOMED CT  Characteristics (1) 

Current version: July 31, 2012 (2 annual releases) 
Type: Reference terminology / ontology 
Domain: Clinical medicine 
Developer: IHTSDO 
 Funding: IHTSDO 
Availability 

 Publicly available: Yes* (in member countries) 
 Repositories: UMLS 

URL: http://www.ihtsdo.org/ 

http://www.ihtsdo.org/
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SNOMED CT  Characteristics (2) 

Number of 
 Concepts: ~300,000 active concepts (July 31, 2012) 
 Terms: ~1M active “descriptions” 

Major organizing principles: 
 Utility for clinical medicine (e.g., assertional + 

definitional knowledge) 
 Model of meaning (incomplete) 
 Rich set of associative relationships 
 Small proportion of defined concepts (many primitives) 

 Formalism: Description logics (KRSS) 
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SNOMED CT  Top level 
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Epilepsy in SNOMED CT 



Medical Subject Headings (MeSH) 
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MeSH  Characteristics (1) 

Current version: 2012 (yearly releases) 
Type: Thesaurus / Controlled vocabulary 
Domain: Biomedicine 
Developer: NLM 
 Funding: NLM (Library Operations) 
Availability 

 Publicly available: Yes 
 Repositories: UMLS / NCBO BioPortal 

URL: http://www.nlm.nih.gov/mesh/ 

http://www.nlm.nih.gov/mesh/
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MeSH  Characteristics (2) 

Number of 
 Concepts: 26,581 descriptors (2012) 
 Terms: 7.5 per descriptor 

Major organizing principles: 
 Descriptor + entry terms 

(also: Qualifiers, Supplementary concepts) 
 Thesaurus relations (RB/RN/RO) 

 Formalism: Thesaurus / Proprietary XML DTD 
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MeSH  Top level 
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MeSH  Example (terms) 
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MeSH  Example (hierarchies) 
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Applications of biomedical ontologies 

 3 major categories of use 
 Knowledge management (indexing and retrieval of data 

and information, access to information, mapping among 
ontologies) 

 Data integration, exchange and semantic 
interoperability 

 Decision support and reasoning (data selection and 
aggregation, decision support, natural language 
processing applications, knowledge discovery). 

[Bodenreider, YBMI 2008] 
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Applications  Knowledge management 

 Source of vocabulary and definitions for 
 Annotation (e.g., text mining) 
 Indexing (and information retrieval) 
 Coding (clinical records, registries) 

 Source of mapping across ontologies 
 Correspondence between terms across ontologies 
 Terminology integration systems 

 Unified Medical Language System 
 BioPortal 
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Applications  Interoperability 

Exchange of standardized data 
 Use of standard vocabularies and protocols 
 E.g., HL7 messages, clinical documents (CDA) 

Data integration 
 Clinical data warehouses (for translational research) 

 Data standardized while loading 

 Query translation against federated data repositories 
 Supported by ontologies 
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Applications  Decision support / reasoning 

Hierarchical information in ontologies helps 
bridge across levels of granularity 
 CDS rule expressed at the level of a pharmacologic 

class 
 E.g., interactions between anti-convulsivants and other drugs 

 Cohort selection 
 Retrieve all patients admitted for seizure 

 Hypothesis generation / Knowledge discovery 
 Aggregate relations to increase statistical power 

(e.g., aggregate drugs at the level of pharmacologic class in 
relation to adverse events) 



Why should you care? 
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3 reasons why you should care 

EHR-based research 
 Promising ontology-enabled research 
Do not reinvent the wheel! 
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EHR-based research 

 Clinical data warehouses 
 Secondary use of clinical data 
 Provide large amounts of data 

 Much larger than regular clinical trials 
 Integration of clinical data across institutions 

 When standardized 
 Enable new forms of clinical research 

 Translational research 
 Integration with genomic data 

 Study of adverse events based on observational data 
 Post-marketing surveillance of drugs 

 “Learning Healthcare System” 
 EHR data become knowledge 
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Promising ontology-enabled research 

Basic ingredients 
 Vocabulary from ontologies is used to standardize 

mentions of biomedical entities in a corpus (MEDLINE 
articles, EHR data) 
 Term extraction systems (natural language processing) 

 Ontological relations are used to aggregate semantically 
similar datapoints in order to increase statistical power 
 Clustering based on semantic similarity 

 Data mining techniques are used to identify novel, 
salient relations among biomedical entities 
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Do not reinvent the wheel! 

Leverage existing ontologies (for annotation, 
aggregation, etc.) 
 Jump on the “standards” bandwaggon 

Ontology development is difficult and expensive 
 Be clinicians / researchers; collaborate with ontologists 

There are already many clinical ontologies 
available 
 Basic research must follow the same standards as 

clinical research to become “translational” 
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Resources 

Unified Medical Language System (UMLS) 
 National Library of Medicine 
 https://uts.nlm.nih.gov/ 

BioPortal 
 National Center for Biomedical Ontology 
 http://bioportal.bioontology.org/ 

Open Biomedical Ontology 
 OBO Community 
 http://www.obofoundry.org/ 

 

https://uts.nlm.nih.gov/
http://bioportal.bioontology.org/
http://www.obofoundry.org/
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