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OMOP Common Data Model Requirements

2. Standardize data content via mapping 

EHR codes to standard healthcare 

vocabularies
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OMOP

Domain

Standard

Vocabularies

Non-standard

Vocabularies

Condition SNOMED-CT ICD-10-CM, ICD-9-CM

Drug RxNorm, CVX ATC, NDC, Multum

Measurement LOINC
SNOMED-CT, 

Nebraska Lexicon

Procedure CPT4, HCPCS, ICD-10-PCS ICD-9-Proc

Observation SNOMED-CT, LOINC ICD-10-CM, ICD-9-CM

Race, 

Ethnicity
OMOP Race, OMOP Ethnicity

SNOMED-CT, 

Nebraska Lexicon

Provider 

(Specialty)
NUCC, Medicare Specialty

SNOMED-CT, 

Nebraska Lexicon

Route SNOMED-CT Nebraska Lexicon

Unit UCUM
SNOMED-CT, 

Nebraska Lexicon

https://ohdsi.github.io/CommonDataModel

1. Standardize data structure via common format



OMOP Content Standardization via Concept Mapping

Column Description Notes

condition_occurrence_id Surrogate primary key

person_id Surrogate foreign key One-to-one with Epic’s Patient ID

condition_concept_id OMOP standard diagnosis code SNOMED-CT from ATHENA

condition_source_concept_id Epic diagnosis ID
From Epic’s EDG master file

condition_source_value Verbatim Epic diagnosis name

condition_status_concept_id OMOP standard diagnosis status code
From Epic’s problem list

condition_status_source_value Verbatim Epic diagnosis status name

condition_start_date Required diagnosis date

condition_end_date Optional diagnosis resolution date
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OMOP’s Nine Vocabulary Tables

https://athena.ohdsi.org
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Note: SOURCE_TO_CONCEPT_MAP is no longer an 

“official” vocabulary table since OMOP version 5.3



Three Things to Know about OMOP’s Vocabulary Tables

1. “Standard” versus “Non-standard” concepts
– Defined by OHDSI for OMOP

– All *_concept_id columns should contain standard concepts (except observation_concept_id)

– The *_source_concept_id columns can contain standard or non-standard concepts

2. “2 billionaire” concepts
– OHDSI’s ATHENA concepts have concept_id < 2,000,000,000

– Custom or source concepts have concept_id > 2,000,000,000

– To avoid ambiguity, we do not use concept_id = 2,000,000,000

3. “Everything is a concept”
– Healthcare codes

– Domains

– Vocabularies

– Concept classes

– Relationships

– Metadata like the OMOP CDM tables and columns

5



Mount Sinai’s Additions to the OMOP Vocabulary Tables

OMOP Table ATHENA Records Epic Records MSDW Records

DOMAIN 48 n/a 0

VOCABULARY 118 116 6

CONCEPT_CLASS 420 0 13

CONCEPT 8,135,987 2,096,839 1,122

RELATIONSHIP 672 n/a 2

CONCEPT_RELATIONSHIP 61,327,540 75,599,221 2,329,653
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▶ We do not load all vocabularies from ATHENA, only the ones we use or might use

▶ We continue to add Epic vocabularies as we integrate more data

▶ We will add vocabularies for other sources/systems as we integrate more data

▶ MSDW-specific records are almost all metadata



DOMAIN



The Domain Catalog (vocabulary_id = ‘Domain’)
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SELECT
d.domain_id, d.domain_name, d.domain_concept_id

,c.concept_code, c.concept_name, c.domain_id, c.vocabulary_id, c.concept_class_id
FROM cdm_phi.domain d
JOIN cdm_phi.concept c ON d.domain_concept_id = c.concept_id
ORDER BY d.domain_id



Domains Indicate Standardized Data in OMOP

domain_id OMOP Column OMOP Table

Condition condition_concept_id condition_occurrence

Condition Status Condition_status_concept_id condition_occurrence

Drug drug_concept_id drug_exposure

Ethnicity ethnicity_concept_id person

Gender gender_concept_id person, provider

Measurement measurement_concept_id measurement

Observation observation_concept_id observation

Procedure procedure_concept_id procedure_occurrence

Provider specialty_concept_id provider

Race race_concept_id person

Route route_concept_id drug_exposure

Type Concept *_type_concept_id <all clinical data tables>

Unit unit_concept_id measurement, observation, specimen
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VOCABULARY



The Vocabulary Catalog (vocabulary_id = ‘Vocabulary’)
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SELECT
v.vocabulary_id, v.vocabulary_name, v.vocabulary_concept_id

,c.concept_code, c.concept_name, c.domain_id, c.vocabulary_id, c.concept_class_id
FROM cdm_phi.vocabulary v
JOIN cdm_phi.concept c ON v.vocabulary_concept_id = c.concept_id
ORDER BY c.concept_class_id DESC, v.vocabulary_id



OHDSI’s OMOP Vocabularies and “Catalogs”
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SELECT
v.vocabulary_id, v.vocabulary_name, v.vocabulary_concept_id

,c.concept_code, c.concept_name, c.domain_id, c.vocabulary_id, c.concept_class_id
FROM cdm_phi.vocabulary v
JOIN cdm_phi.concept c ON v.vocabulary_concept_id = c.concept_id
WHERE v.vocabulary_name LIKE 'OMOP%'
AND v.vocabulary_id NOT LIKE '%Type' --Vocabularies replaced by 'Type Concept'
ORDER BY v.vocabulary_id



Different Types of Vocabularies

Type of Vocabulary Examples

Standard healthcare code systems & terminologies ICD10CM

SNOMED

LOINC

RxNorm

CPT

CVX

Vocabularies created by OHDSI for OMOP content Ethnicity

Gender

OMOP Genomic

Visit

“Catalog” vocabularies created by OHDSI for OMOP metadata CDM

Concept Class

Domain

Relationship

Vocabulary

Our Epic master files & category lists EPIC EAP .1

EPIC EDG .1

EPIC ERX .1

EPIC EPT 145

EPIC ORD 835

Vocabularies created by us for derived data elements MSDW Condition Class MSDW Substance Use

Vocabularies created by us for data lineage & better OMOP metadata MSDW Attrib Catalog

MSDW Src Record Type

MSDW Val Set Catalog

Special “placeholder” vocabulary to store ATHENA version

(vocabulary_version) & concept_id = 0 record

vocabulary_id = 

‘None’
13



CONCEPT_CLASS



The Concept Class Catalog (vocabulary_id = ‘Concept Class’)
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SELECT
cl.concept_class_id, cl.concept_class_name, cl.concept_class_concept_id

,cn.concept_code, cn.concept_name, cn.domain_id, cn.vocabulary_id, cn.concept_class_id
FROM cdm_phi.concept_class cl
JOIN cdm_phi.concept cn ON cl.concept_class_concept_id = cn.concept_id
ORDER BY cn.concept_class_id DESC, cl.concept_class_id



Concept Classes Stratify Vocabs and/or Classify Concepts
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SELECT
cn.concept_class_id
,COUNT(DISTINCT cn.vocabulary_id) AS
vocabulary_count
,MIN(cn.vocabulary_id) AS first_vocabulary
,MAX(cn.vocabulary_id) AS last_vocabulary
,COUNT(*) AS concept_count
FROM cdm_phi.concept cn
GROUP BY
cn.concept_class_id
HAVING
COUNT(DISTINCT cn.vocabulary_id) > 1
ORDER BY
COUNT(DISTINCT cn.vocabulary_id) DESC
,cn.concept_class_id

▶ What is a concept class?

– Stratify vocabulary

– Classify concepts

▶ Most stratify a single vocabulary

▶ Some classify concepts across 

multiple vocabularies



Concept Class Example: Finding Genetic Variant Concepts
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SELECT
c.concept_class_id

,c.vocabulary_id
,v.vocabulary_name
,COUNT(*) AS concept_count
FROM cdm_phi.concept c
JOIN cdm_phi.vocabulary v
ON c.vocabulary_id = v.vocabulary_id
WHERE c.concept_class_id IN (
'Variant'

,'DNA Variant'
,'Genetic Variation'
,'Protein Variant'
,'RNA Variant'
)
GROUP BY
c.concept_class_id

,c.vocabulary_id
,v.vocabulary_name
ORDER BY
c.concept_class_id

,c.vocabulary_id



CONCEPT



The Concept Table
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SELECT
vc.concept_class_id AS vocabulary_concept_class_id

,COUNT(DISTINCT c.domain_id) AS domain_count
,COUNT(DISTINCT c.vocabulary_id) AS vocabulary_count
,COUNT(DISTINCT c.concept_class_id) AS concept_class_count
,(CASE WHEN c.standard_concept IN ('S','C') THEN c.standard_concept ELSE '' END) AS standard_concept
,(CASE WHEN c.invalid_reason IN ('D','U') THEN c.invalid_reason ELSE '' END) AS invalid_reason
,COUNT(*) AS concept_count
FROM cdm_phi.concept c
JOIN cdm_phi.vocabulary v ON c.vocabulary_id = v.vocabulary_id
JOIN cdm_phi.concept vc ON v.vocabulary_concept_id = vc.concept_id
GROUP BY vc.concept_class_id
,(CASE WHEN c.standard_concept IN ('S','C') THEN c.standard_concept ELSE '' END)
,(CASE WHEN c.invalid_reason IN ('D','U') THEN c.invalid_reason ELSE '' END)
ORDER BY vc.concept_class_id
,(CASE WHEN c.standard_concept IN ('S','C') THEN c.standard_concept ELSE '' END)
,(CASE WHEN c.invalid_reason IN ('D','U') THEN c.invalid_reason ELSE '' END)



Different Types of Concepts

Types of Concept Concept Record Condition

OHDSI assigns “durable” concept_id values concept_id < 2,000,000,000

OHDSI defines which concepts are standard standard_concept = ‘S’

OHDSI defines which concepts are classifications standard_concept = ‘C’

OHDSI deletes concepts only logically, not physically invalid_reason = ‘D’

Source data have concept_id values above 2 billion concept_id > 2,000,000,000

CONCEPT table contains all metadata domain_id = ‘Metadata’

Special “placeholder” concept for unknown/unmapped concept_id = 0
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Concept Example:

Type 2 Diabetes Mellitus with Ophthalmic Complications (E11.3)
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SELECT c.concept_id, c.vocabulary_id, c.concept_code, c.concept_name
,c.standard_concept, c.concept_class_id, cr.relationship_id
FROM cdm_phi.concept c
JOIN cdm_phi.concept_relationship cr ON c.concept_id = cr.concept_id_1
WHERE cr.concept_id_2 = 1567959 --ICD-10 code E11.3
ORDER BY cr.relationship_id DESC, c.concept_code



RELATIONSHIP



The Relationship Catalog (vocabulary_id = ‘Relationship’)
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SELECT
r.relationship_id, r.relationship_name, r.reverse_relationship_id, ,r.relationship_concept_id

,c.concept_code, c.concept_name, c.domain_id, c.vocabulary_id, c.concept_class_id
FROM cdm_phi.relationship r
JOIN cdm_phi.concept c ON r.relationship_concept_id = c.concept_id
ORDER BY
c.concept_class_id, r.relationship_id



Bi-directional Mapping Relationships
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SELECT
r.relationship_id, r.relationship_name, r.reverse_relationship_id, r.relationship_concept_id

,COUNT(*) AS relationship_count
FROM cdm_phi.relationship r
LEFT JOIN cdm_phi.concept_relationship cr ON r.relationship_id = cr.relationship_id
WHERE r.relationship_id LIKE '%map%'
GROUP BY r.relationship_id, r.relationship_name, r.reverse_relationship_id, r.relationship_concept_id
ORDER BY COUNT(*) DESC, r.relationship_id



CONCEPT_RELATIONSHIP



Most Concept Relationships are Hierarchies & Value Sets
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SELECT
COUNT(DISTINCT c1.vocabulary_id) AS

distinct_from_vocabs
,r.relationship_id
,COUNT(DISTINCT c2.vocabulary_id) AS
distinct_to_vocabs
,COUNT(*) AS relationship_count
FROM cdm_phi.concept_relationship r
JOIN cdm_phi.concept c1
ON r.concept_id_1 = c1.concept_id
JOIN cdm_phi.concept c2
ON r.concept_id_2 = c2.concept_id
GROUP BY
r.relationship_id
ORDER BY
COUNT(*) DESC

,r.relationship_id DESC

▶ Parent-Child relationships used for:

– Hierarchies

– Value sets

▶ Child code “Is a” parent code

▶ Parent code “Subsumes” child code



Value Sets of Epic EHR Data
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SELECT
c1.vocabulary_id

,v.vocabulary_name
,r.relationship_id
,c2.vocabulary_id
,COUNT(*) AS relationship_count
FROM cdm_phi.concept_relationship r
JOIN cdm_phi.concept c1
ON r.concept_id_1 = c1.concept_id
JOIN cdm_phi.vocabulary v
ON c1.vocabulary_id = v.vocabulary_id
JOIN cdm_phi.concept c2
ON r.concept_id_2 = c2.concept_id
WHERE r.relationship_id IN ('Is a','Subsumes')
AND (r.concept_id_1 > 2000000000
OR r.concept_id_2 > 2000000000)
GROUP BY
c1.vocabulary_id

,v.vocabulary_name
,r.relationship_id
,c2.vocabulary_id
ORDER BY
COUNT(*) DESC

,c1.vocabulary_id
,r.relationship_id
,c2.vocabulary_id



Most Relationship Types are used within 1 Vocabulary
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SELECT
c1.vocabulary_id

,COUNT(DISTINCT r.relationship_id) AS
distinct_relationships
,c2.vocabulary_id
,COUNT(*) AS relationship_count
FROM cdm_phi.concept_relationship r
JOIN cdm_phi.concept c1
ON r.concept_id_1 = c1.concept_id
JOIN cdm_phi.concept c2
ON r.concept_id_2 = c2.concept_id
GROUP BY
c1.vocabulary_id

,c2.vocabulary_id
ORDER BY
COUNT(DISTINCT r.relationship_id) DESC

,c1.vocabulary_id
,c2.vocabulary_id
,COUNT(*) DESC



Concept Relationships Example: Many in SNOMED-CT
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SELECT
c1.vocabulary_id

,cr.relationship_id
,r.relationship_name
,c2.vocabulary_id
,COUNT(*) AS relationship_count
FROM cdm_phi.concept_relationship cr
JOIN cdm_phi.concept c1
ON cr.concept_id_1 = c1.concept_id
JOIN cdm_phi.concept c2
ON cr.concept_id_2 = c2.concept_id
JOIN cdm_phi.relationship r
ON cr.relationship_id = r.relationship_id
WHERE c1.vocabulary_id = 'SNOMED'
AND c2.vocabulary_id = 'SNOMED'
GROUP BY
c1.vocabulary_id

,cr.relationship_id
,r.relationship_name
,c2.vocabulary_id
ORDER BY
COUNT(*) DESC



Different Types of Concept Relationships

Types of Concept Relationship Concept Relationship Types

Parent-Child relationships for hierarchies & value sets
relationship_id = ‘Is a’

relationship_id = ‘Subsumes’

Mapping from source records to OMOP standard codes
relationship_id = ‘Maps to’

relationship_id = ‘Mapped from’

Mapping from source records to OMOP units
relationship_id = ‘Maps to unit’

relationship_id = ‘Unit mapped from’

Mapping from source records to OMOP operators
relationship_id = ‘Maps to operator’

relationship_id = ‘Operator mapped from’

Mapping from source records to OMOP numbers
relationship_id = ‘Maps to number’

relationship_id = ‘Number mapped from’

Mapping from Epic EHR data to “non-standard” 

concepts (according to OHDSI) **

relationship_id = ‘Maps to non-standard’

relationship_id = ‘Mapped from non-std’
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** Note: We added these two custom relationships specifically for MSDW.



Mapping Epic EHR Data to OMOP Concepts
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SELECT
c1.vocabulary_id

,v.vocabulary_name
,r.relationship_id
,c2.vocabulary_id
,COUNT(*) AS relationship_count
FROM cdm_phi.concept_relationship r
JOIN cdm_phi.concept c1
ON r.concept_id_1 = c1.concept_id
JOIN cdm_phi.vocabulary v
ON c1.vocabulary_id = v.vocabulary_id
JOIN cdm_phi.concept c2
ON r.concept_id_2 = c2.concept_id
WHERE r.relationship_id LIKE 'Maps to%'
AND c2.vocabulary_id != 'None'
AND c1.vocabulary_id LIKE 'EPIC%'
GROUP BY
c1.vocabulary_id

,v.vocabulary_name
,r.relationship_id
,c2.vocabulary_id
ORDER BY
COUNT(*) DESC

,c1.vocabulary_id
,r.relationship_id
,c2.vocabulary_id



“Non-standard” Mappings to & from Epic EHR Data

32

SELECT
c1.vocabulary_id, v.vocabulary_name, r.relationship_id, c2.vocabulary_id

,COUNT(*) AS relationship_count
FROM cdm_phi.concept_relationship r
JOIN cdm_phi.concept c1 ON r.concept_id_1 = c1.concept_id
JOIN cdm_phi.vocabulary v ON c1.vocabulary_id = v.vocabulary_id
JOIN cdm_phi.concept c2 ON r.concept_id_2 = c2.concept_id
WHERE r.relationship_id IN ('Maps to non-standard','Mapped from non-std')
AND (c1.vocabulary_id LIKE 'EPIC%' OR c2.vocabulary_id LIKE 'EPIC%')
GROUP BY c1.vocabulary_id, v.vocabulary_name, r.relationship_id, c2.vocabulary_id
ORDER BY COUNT(*) DESC, c1.vocabulary_id, r.relationship_id, c2.vocabulary_id



CONCEPT_SYNONYM



The Concept Synonym Table
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SELECT
c.vocabulary_id, v.vocabulary_name

,COUNT(DISTINCT c.concept_id) AS concept_count, COUNT(*) AS synonym_count
,CAST(COUNT(*) * 1.0 / COUNT(DISTINCT c.concept_id) AS NUMERIC(18,2)) AS avg_synonyms_per_concept
FROM cdm_phi.concept_synonym cs
JOIN cdm_phi.concept c    ON cs.concept_id = c.concept_id
JOIN cdm_phi.vocabulary v ON c.vocabulary_id = v.vocabulary_id
WHERE cs.concept_synonym_name != c.concept_name --Names loaded as their own synonyms
GROUP BY
c.vocabulary_id
,v.vocabulary_name
ORDER BY
COUNT(*) DESC



Concept Synonym Example: Your Mileage May Vary (a lot!)
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SELECT
c.vocabulary_id

,c.concept_id
,c.concept_code
,c.concept_name
,cs.concept_synonym_name
FROM cdm_phi.concept_synonym cs
JOIN cdm_phi.concept c
ON cs.concept_id = c.concept_id
WHERE c.concept_name !=
cs.concept_synonym_name
AND cs.concept_synonym_name IN
('heart attack','heart attacks')
AND c.vocabulary_id != 'PPI'
ORDER BY
c.vocabulary_id
,c.concept_name DESC

▶ ATHENA is case sensitive

▶ Microsoft SQL Server is not 
(per our configuration)

▶ We excluded non-English 
synonyms (no Unicode)



CONCEPT_ANCESTOR



Hierarchies within each Vocabulary
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SELECT
an.vocabulary_id AS ancestor_vocabulary_id

,dc.vocabulary_id AS descendant_vocabulary_id
,AVG(ca.min_levels_of_separation * 1.0) AS
avg_min_levels
,AVG(ca.max_levels_of_separation * 1.0) AS
avg_max_levels
,COUNT(*) AS descendants_count
FROM cdm_phi.concept_ancestor ca
JOIN cdm_phi.concept an
ON ca.ancestor_concept_id = an.concept_id
JOIN cdm_phi.concept dc
ON ca.descendant_concept_id = dc.concept_id
WHERE --Hierarchies within each vocabulary
an.vocabulary_id = dc.vocabulary_id
AND ca.ancestor_concept_id !=
ca.descendant_concept_id
--Concepts are their own parents
GROUP BY
an.vocabulary_id

,dc.vocabulary_id
ORDER BY
COUNT(*) DESC



Hierarchies across Vocabularies (due to mappings)

38

SELECT
an.vocabulary_id AS ancestor_vocabulary_id

,dc.vocabulary_id AS descendant_vocabulary_id
,AVG(ca.min_levels_of_separation * 1.0) AS
avg_min_levels
,AVG(ca.max_levels_of_separation * 1.0) AS
avg_max_levels
,COUNT(*) AS descendants_count
FROM cdm_phi.concept_ancestor ca
JOIN cdm_phi.concept an
ON ca.ancestor_concept_id = an.concept_id
JOIN cdm_phi.concept dc
ON ca.descendant_concept_id = dc.concept_id
WHERE --Hierarchies across vocabularies
an.vocabulary_id != dc.vocabulary_id
AND ca.ancestor_concept_id !=
ca.descendant_concept_id --Concepts are their own 
parents
GROUP BY
an.vocabulary_id

,dc.vocabulary_id
ORDER BY
COUNT(*) DESC



Are you ready for the final exam?



Combining Ancestors & Mapped Codes Example: Cancer
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SELECT
an.vocabulary_id AS ancestor_vocabulary_id, an.concept_code AS ancestor_concept_code
,an.concept_name AS ancestor_concept_name , dc.vocabulary_id AS descendant_vocabulary_id
,COUNT(DISTINCT dc.concept_id) AS descendant_concept_count
,ISNULL(dx.vocabulary_id ,'') AS map1_vocabulary_id, COUNT(DISTINCT dx.concept_id) AS map1_concept_count
,ISNULL(edg.vocabulary_id,'') AS map2_vocabulary_id, COUNT(DISTINCT edg.concept_id) AS map2_concept_count
FROM cdm_phi.concept_ancestor ca
JOIN cdm_phi.concept an ON ca.ancestor_concept_id = an.concept_id
JOIN cdm_phi.concept dc ON ca.descendant_concept_id = dc.concept_id
LEFT JOIN cdm_phi.concept_relationship cr1
ON ca.descendant_concept_id = cr1.concept_id_1 AND cr1.relationship_id = 'Mapped from'
LEFT JOIN cdm_phi.concept dx ON cr1.concept_id_2 = dx.concept_id AND dx.vocabulary_id IN ('EPIC EDG .1','ICD10CM')
LEFT JOIN (cdm_phi.concept_relationship cr2

JOIN cdm_phi.concept edg
ON cr2.concept_id_2 = edg.concept_id AND edg.vocabulary_id = 'EPIC EDG .1')

ON dx.concept_id = cr2.concept_id_1 AND cr2.relationship_id = 'Mapped from non-std'
WHERE ca.ancestor_concept_id = 443392 --SNOMED 363346000 'Malignant neoplastic disease'
GROUP BY an.vocabulary_id, an.concept_code, an.concept_name, dc.vocabulary_id, dx.vocabulary_id, edg.vocabulary_id
ORDER BY COUNT(DISTINCT dx.concept_id) DESC, COUNT(DISTINCT edg.concept_id) DESC, COUNT(DISTINCT dc.concept_id) DESC



Thank You!
For help and more information:

https://labs.icahn.mssm.edu/msdw


