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Addison’s disease

 Addison's disease is a rare 
endocrine disorder

 Addison's disease occurs 
when the adrenal glands
do not produce enough of 
the hormone cortisol

 For this reason, the 
disease is sometimes 
called chronic adrenal 
insufficiency, or 
hypocortisolism
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Adrenal insufficiency  Clinical variants

 Primary / Secondary
 Primary: lesion of the 

adrenal glands themselves
 Secondary: inadequate 

secretion of ACTH by the 
pituitary gland

 Acute / Chronic
 Isolated / Polyendocrine 

deficiency syndrome

ACTH
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Addison’s disease: Symptoms

 Fatigue
Weakness
Low blood pressure
 Pigmentation of the skin (exposed and non-

exposed parts of the body)
…
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AD in medical vocabularies

 Synonyms: different terms
 Addisonian syndrome
 Bronzed disease
 Addison melanoderma
 Asthenia pigmentosa
 Primary adrenal deficiency
 Primary adrenal insufficiency
 Primary adrenocortical insufficiency
 Chronic adrenocortical insufficiency

Contexts: different hierarchies

symptoms

clinical
variants

eponym
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Internal Classification of Diseases
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Medical Subject Headings

[…]
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SNOMED CT



“High-Impact” Biomedical 
Ontologies

A Structural Perspective

Biomedical ontology in action
Part 2
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Overview

 Structural perspective
 What are they (vs. what are they for)?

 “High-impact” biomedical ontologies
 International Classification of Diseases (ICD)
 Logical Observation Identifiers, Names and Codes (LOINC)
 SNOMED Clinical Terms
 Foundational Model of Anatomy
 Gene Ontology
 RxNorm
 Medical Subject Headings (MeSH)
 NCI Thesaurus
 Unified Medical Language System (UMLS)

[J. Cimino, YBMI 2006]



International Classification of 
Diseases
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ICD  Characteristics (1)

Current version: ICD-10 (2017)
 Annual updates

Type: Classification
Domain: Disorders
Developer: World Health Organization (WHO)
 Funding: WHO
 Publicly available: Yes
Used for: Mortality and morbidity statistics 

worldwide
URL: http://www.who.int/classifications/icd/en/
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ICD  Characteristics (2)

 Number of
 Concepts: 12,320 (ICD-10, 2004)
 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)

 Specific coding rules
 Distribution: Proprietary format
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ICD  Top level
http://apps.who.int/classifications/icd10/browse/
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ICD  Example

 Idiosyncratic inclusion/exclusion criteria
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ICD  Example

Not elsewhere classified (NEC)
Not otherwise specified (NOS)
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ICD-10-CM

 Derived from: ICD-10
 Finer-grained (both clinically and administratively)

 Type: Classification
 92,042 codes (2015)
 Terms: 1.2 per concept

 Domain: Disorders
 Developer: National Center for Health Statistics 

(CDC/NCHS)
 Funding: U.S. Government
 Publicly available: Yes
 Used for: Billing
 URL: http://www.cdc.gov/nchs/icd/icd10cm.htm
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ICD-10 vs. ICD-10-CM

x6
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ICD-10 vs. ICD-10-CM

x24

W58.01A Bitten by alligator, initial encounter
W58.01D Bitten by alligator, subsequent encounter
W58.01S Bitten by alligator, sequela



Logical Observation Identifiers, 
Names and Codes (LOINC)
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LOINC  Characteristics (1)

Current version: 2.61 (June 2017)
 2 annual releases

Type: Controlled terminology*
Domain: Laboratory and clinical observations
Developer: Regenstrief Institute
 Funding: NLM and other sources
 Publicly available: Yes
Used for: information exchange
 URL: https://loinc.org/
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LOINC  Characteristics (2)

 Number of
 Concepts: 73,958 active codes (2.52, June 2015)
 Terms: 1 per concept (“long name”)

 Major organizing principles:
 No hierarchical structure among the main codes
 6 axes

 Component (analyte [+ challenge] [+ adjustments])
 Property
 Timing
 System
 Scale
 [Method]

 Distribution: proprietary database format
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LOINC  Example

 Sodium [Moles/volume] in Serum or Plasma
[the molar concentration of sodium is measured in 
the plasma (or serum), with quantitative result]

Axis Value
Component Sodium

Property SCnc – Substance Concentration (per volume)

Timing Pt – Point in time (Random)

System Ser/Plas – Serum or Plasma

Scale Qn – Quantitative

Method --
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https://search.loinc.org/



SNOMED Clinical Terms
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SNOMED CT  Characteristics (1)

 Current version: July 31, 2017
 2 annual releases

 Type: Reference terminology / ontology
 Domain: Clinical medicine
 Developer: IHTSDO
 Funding: IHTSDO member countries
 Publicly available: Yes*
 Used for: clinical documentation, information 

exchange, analytics 
 URL: http://www.ihtsdo.org/
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SNOMED CT  Characteristics (2)

Number of
 Concepts: 320,912 active concepts (Sept. 2016)
 Terms: 2.6 per concept (“descriptions”)

Major organizing principles:
 Polyhierarchy
 Rich set of associative relationships
 Logical definitions (incomplete: many primitives)
 Built using description logics (EL++)

Distribution: RF2 (proprietary)
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SNOMED CT  Top level
http://browser.ihtsdotools.org/
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SNOMED CT  Example
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SNOMED CT  Example



RxNorm
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RxNorm  Characteristics (1)

Current version: August 2017
 Monthly releases (+weekly updates)

Type: Controlled terminology
Domain: Drug names
Developer: NLM
 Funding: NLM
 Publicly available: Yes*
Used for: e-prescribing, information exchange, 

analytics
URL: http://www.nlm.nih.gov/research/umls/rxnorm/
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RxNorm  Characteristics (2)

Number of
 Concepts: 117,774 (March 2016)
 Terms: 1.5 per concept

Major organizing principles:
 Generic vs. brand
 Ingredient + Strength + Dose form
 No hierarchical structure; rich graph of associative 

relations
 Integrates all major US drug information sources
 No clinical information

Distribution: similar to UMLS RRF format
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RxNorm  Normalized form

Ingredient

Dose form

Strength

Ingredient

IngredientStrength Dose form

Strength

4mg/ml

Ingredient

Fluoxetine

Dose form

Oral Solution

Semantic clinical drug component

Semantic clinical drug

Semantic clinical drug form



Lister Hill National Center for Biomedical Communications 38

RxNorm Example
Ingredient

C. Drug Comp. C. Drug Form

C. Drug

Brand Name

B. Drug Comp. B. Drug Form

B. Drug

B. PackG. Pack

Zithromax 250 MG Oral TabletAzithromycin 250 MG Oral Tablet

Z-PAK{6 (Azithromycin 250 MG Oral Tablet) } Pack

Azithromycin 250 MG Azithromycin Oral Tablet Azithromycin 250 MG
[Zithromax]

Azithromycin Oral Tablet
[Zithromax]

ZithromaxAzithromycin
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https://mor.nlm.nih.gov/RxNav/



Biomedical Ontologies “in Action”

A Functional Perspective

Biomedical ontology in action
Part 3
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Overview

 Functional perspective
 What are they for (vs. what are they)?

 “High-impact” biomedical ontologies
 3 major categories of use

 Knowledge management 
 Annotating data and resources
 Mapping across biomedical ontologies

 Decision support and analytics 
 Value sets and clinical quality measures

 Data integration, exchange and semantic interoperability
 Common data models
 Fast Healthcare Interoperability Resources (FHIR)

[Bodenreider, YBMI 2008]



Knowledge management

Mapping across biomedical ontologies
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Terminology integration systems

Terminology integration systems (UMLS, 
RxNorm) help bridge across vocabularies

Uses
 Information integration
 Ontology alignment
 Medication reconciliation
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Integrating subdomains

Biomedical
literature

MeSH

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM

Clinical
repositories

SNOMED CTOther
subdomains

…

Anatomy

FMA

UMLS
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Integrating subdomains

Biomedical
literature

Genome
annotations

Model
organisms

Genetic
knowledge bases

Clinical
repositories

Other
subdomains

Anatomy
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Trans-namespace integration

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM
Other

subdomains

…

Anatomy

FMA

UMLS
Addison Disease  (D000224)

Addison's disease 
(363732003)

Biomedical
literature

MeSH

Clinical
repositories

SNOMED CT

UMLS
C0001403
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UMLS Source Vocabularies

 153 families of source vocabularies
 Not counting translations

 25 languages
Broad coverage of biomedicine

 9.8M names (normalized)
 3.2M concepts
 ~13M relations among concepts

Common presentation

(2015AB)
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Metathesaurus  Basic organization

Concepts
 Synonymous terms are clustered into a concept
 Properties are attached to concepts, e.g.,

 Unique identifier
 Definition

Relations
 Concepts are related to other concepts
 Properties are attached to relations, e.g.,

 Type of relationship
 Source



Data integration, exchange and 
semantic interoperability

Common data models
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Clinical data models

Used in clinical data warehouses
 Oriented towards analytics
 Different from the transactional data models of EHR 

systems
 Used to normalize data across EHR systems

Multiple “common” data models
 OMOP
 i2b2
 PCORnet
 Sentinel
 CDISC
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OMOP

OMOP – Observational Medical Outcomes 
Partnership



http://omop.org – https://www.ohdsi.org/
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Courtesy of Christian Reich
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http://www.ohdsi.org/web/wiki/doku.php?id=documentation:cdm
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Common data models in action
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Terminology research at NLM

Examples of terminology-related projects

Biomedical ontology in action
Part 4
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Quality assurance in SNOMED CT
Cui, JAMIA, 2017

Non-lattice subgraph Suggested remediation

Duodenal ulcer with
perforation AND obstruction

Chronic duodenal ulcer with 
perforation AND obstruction⊃
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Coverage of phenotypes
Winnenburg, ISMB/Phenotype Day, 2014

UMLS

SNOMED CT

Consumer Health Vocabulary

MedDRA

MeSH

NCI thesaurus

ICD-10-CM

ICD-9-CM

ICD-10

MedlinePlus

OMIM
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Identifying terms for Fetal Medicine
Dhombres, Medinfo, 2017
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Suitability of drug classification systems
Kury, DMMI, 2016
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Evolution of the UMLS Metathesaurus
Bodenreider, AMIA, 2016
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