
OHDSI China Tutorial 2018

Mui van Zandt, Christian Reich, Hua Xu

Ǎ Ǎ Ǎ Ǎ



OMOP 



1. OMOP, OHDSI?
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5. OMOP CDM?
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Agenda
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Section Time Item(s)

Vocabulary

14:00 - 16:00
(1.5 hour)

OHDSI Community
Basic Relationship
Ancestors & Descendants
How does it work for Drugs

Break
16:00 ς16:15 Break

CDM

16:15 ς17:15
(1 hour)

In depth discussion of model
Era discussion
Real World Scenario

ETL
17:15 ς18:00 
(45 min)

ETL Process
ETL Tools
Potential Issues
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FDA Regulatory Action over Time
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FDAAA calls for establishing Risk Identification 
and Analysis System

Risk Identification and Analysis System:

a systematic and reproducible process to 
efficiently generate evidence to support the 
characterization of the potential effects of 
medical products from across a network of 

disparate observational healthcare data sources
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OMOP Experiment 1 (2009-2010)
OMOP Methods Library

Inception
cohort

Case control

Logistic
regression

Common Data Model
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Angioedema 

Aplastic Anemia 

Acute Liver Injury 

Bleeding 

Hip Fracture 

Hospitalization 

Myocardial Infarction 

Mortality after MI 

Renal Failure 

GI Ulcer Hospitalization 

Legend Total

2
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44

True positive' benefit

True positive' risk

Negative control'

Å10 data sources 
ÅClaims and EHRs
Å200M+ lives 

Å14 methods 
ÅEpidemiology designs 
ÅStatistical approaches 

adapted for longitudinal data

ÅOpen-source
ÅStandards-based
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OMOP Experiment 2 (2011-2012)

Drug-outcome pairs

Positives Negatives

Total 165 234

Myocardial Infarction 36 66

Upper GI Bleed 24 67

Acute Liver Injury 81 37

Acute Renal Failure 24 64

Methods
Å Case-Control
Å New User Cohort
Å Disproportionality methods
Å ICTPD
Å LGPS
Å Self-Controlled Cohort
Å SCCS

Observational data

4 claims databases

1 ambulatory EMR
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European OMOP Experiment

Aarhus

IPCIARS

HS

Pedianet

PHARMO Drug-outcome pairs

Positives Negatives

Total 165 234

Myocardial Infarction 36 66

Upper GI Bleed 24 67

Acute Liver Injury 81 37

Acute Renal Failure 24 64

Methods
Å Case-Control
Å New User Cohort
Å Disproportionality methods
Å ICTPD
Å LGPS
Å Self-Controlled Cohort
Å SCCS

Observational data
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Criteria for positive controls:
ÅEvent listed in Boxed Warning or Warnings/Precautions section of active FDA structured 

product label
Å5ǊǳƎ ƭƛǎǘŜŘ ŀǎ ΨŎŀǳǎŀǘƛǾŜ ŀƎŜƴǘΩ ƛƴ ¢ƛǎŘŀƭŜ Ŝǘ ŀƭΣ нлмлΥ 5ǊǳƎ-Induced Diseases
ÅLiterature review identified no powered studies with refuting evidence of effect

Ground Truth for OMOP Experiment

Positive 

controls

Negative 

controls Total

Acute Liver Injury 81 37 118

Acute Myocardial Infarction 36 66 102

Acute Renal Failure 24 64 88

Upper Gastrointestinal Bleeding 24 67 91

    Total 165 234 399

isoniazid

indomethacin

ibuprofen
sertraline

Criteria for negative controls:
ÅEvent not listed anywhere in any section of active FDA structured product label
Å5ǊǳƎ ƴƻǘ ƭƛǎǘŜŘ ŀǎ ΨŎŀǳǎŀǘƛǾŜ ŀƎŜƴǘΩ ƛƴ ¢ƛǎŘŀƭŜ Ŝǘ ŀƭΣ нлмлΥ 5ǊǳƎ-Induced Diseases
ÅLiterature review identified no powered studies with evidence of potential positive association

fluticasone

clindamycin

loratadine
pioglitazone
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Data Used in European 
Experiment

Name Description Population

Aarhus Danish national health registry, covering the Aarhus 

region. Includes inhabitant registry, drug dispensations, 

hospital claims, lab values, and death registry.

2 M

ARS Italian record linkage system covering the Tuscany 

region, including inhabitant registry, drug dispensations, 

hospital claims, and death registry

4 M

Health-

Search

Italian general practice database (no children) 1 M

IPCI Dutch general practice database 0.75 M

Pedianet Italian general practice pediatric database 0.14 M

PHARMO Dutch record linkage system. Includes inhabitant 

registry, drug dispensations, hospital claims, and lab 

values.

1.28 M
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Main findings in 
OMOP experiment

ÅHeterogeneity in estimates due to choice of database

ÅHeterogeneity in estimates due to analysis choices

ÅExcept little heterogeneity due to outcome definitions

ÅGood performance (AUC > 0.7) in distinguishing positive from 
negative controls for optimal methods when stratifying by 
outcome and restricting to powered test cases

ÅSelf controlled methods perform best for all outcomes
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Columbia 
University

OMOP OHDSI

Å OHDSI

ÅOHDSI

ï , 
ï

ï
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OMOP Investigators

OHDSI

http://ohdsi.org

http://ohdsi.org/


OHDSI

OHDSI 10

OHDSI
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http://ohdsi.org

http://ohdsi.org/


OHDSI: 
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OHDSI :
Å >200 

Å >17 

OHDSI :
Å >82 17
Å 12 ( )

Å ~1.15 
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OHDSI OMOP CDM
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Analytics can be remote
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Analytics can be behind hospital / 
data source firewalls
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EMR

EMR EMR EMR EMR 

EMR
EMR

EMR

EMR
ISDN

Another
Network

Network
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CDM 5
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: 
concept

OMOP 
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concept_relationship concept_ancestor
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Concept

CONCEPT_ID 313217 

CONCEPT_NAME
Atrial 

fibrillation

DOMAIN_ID Condition

VOCABULARY_ID SNOMED

CONCEPT_CLASS_ID
Clinical 

Finding

STANDARD_CONCEPT S

CONCEPT_CODE 49436004 

VALID_START_DATE 01-Jan-1970 

VALID_END_DATE 31-Dec-2099 

INVALID_REASON
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CDM
Concepts

Å concept_id

Å CONCEPT :
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SELECT *

FROMconcept 

WHEREconcept_id = 313217

;



SNOMED -CT

ICD10CM OxmisRead

SNOMED -CT

ICD9CM

SNOMED -CT

MedDRA

MedDRA

MedDRA

MedDRA

MedDRA

ICD10 Ciel MeSHSNOMED
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1. .. ID
SELECT * FROM concept WHERE concept_id = 313217 ;

2. .. code
SELECT * FROM concept WHERE concept_code = '49436004' ;

: #1

SNOMED code

CONCEPT 
_ID

CONCEPT_ NAME 
DOMAIN 
_ID

VOCABULA
RY _ID

CONCEPT_ 
CLASS_ID 

STANDARD_ 
CONCEPT 

CONCEPT_ 
CODE 

VALID_START 
_DATE

VALID_END 
_DATE

INVALID 
_REASON

313217 Atrial fibrillation Condition SNOMED Clinical FindingS 49436004 01-Jan-1970 31-Dec-2099

CONCEPT 
_ID

CONCEPT_ NAME 
DOMAIN 
_ID

VOCABULA
RY _ID

CONCEPT_ 
CLASS_ID 

STANDARD_ 
CONCEPT 

CONCEPT_ 
CODE 

VALID_START 
_DATE

VALID_END 
_DATE

INVALID 
_REASON

313217 Atrial fibrillation Condition SNOMED Clinical FindingS 49436004 01-Jan-1970 31-Dec-2099
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SELECT *

FROM concept 

WHERE concept_code = '1001' ;

ID versus 

Concept_Name Concept Class Vocabulary_ID Concept_Code

Antipyrine Ingredient RxNorm 1001

Aceprometazine maleate Ingredient BDPM 1001

Serum Specimen CIEL 1001

methixene hydrochloride Ingredient Multilex 1001

Brompheniramine Maleate, 10 

mg/mL injectable solution
Multum Multum 1001

ABBOTT COLD SORE BALM 

4%/0.06% W/
Drug Product LPD_Australia 1001

Residential Treatment -

Psychiatric
Revenue Code Revenue Code 1001
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3. .. name

SELECT * FROM concept WHERE concept_name = 'Atrial fibrillation' ;

: #2

CONCEPT 
_ID CONCEPT_ NAME 

DOMAIN 
_ID

VOCABULARY 
_ID

CONCEPT_ 
CLASS_ID 

STANDARD_ 
CONCEPT 

CONCEPT_ 
CODE 

313217 Atrial fibrillation Condition SNOMED Clinical Finding S 49436004

44821957 Atrial fibrillation Condition ICD9CM 5-dig billing code 427.31

35204953 Atrial fibrillation Condition MedDRA PT C 10003658

45500085 Atrial fibrillation Condition Read Read G573000

45883018 Atrial fibrillation
Meas 
Value LOINC Answer S LA17084-7
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CONCEPT 
_ID_1

CONCEPT 
_ID_2 RELATIONSHIP _ID

VALID_START 
_DATE

VALID_END 
_DATE

INVALID 
_REASON

44821957 21001551ICD9CM - FDB Ind 01-Oct-13 31-Dec-2099
44821957 35204953ICD9CM - MedDRA 01-Jan-70 31-Dec-2099
44821957 44824248Is a 01-Oct-14 31-Dec-2099
44821957 44834731Is a 01-Oct-14 31-Dec-2099
44821957 313217Maps to 01-Jan-70 31-Dec-2099

CONCEPT 
_ID

CONCEPT_ NAME 
DOMAIN 
_ID

VOCABULARY 
_ID

CONCEPT_ 
CLASS_ID 

STANDARD_ 
CONCEPT 

CONCEPT_ 
CODE 

44821957 Atrial fibrillation Condition ICD9CM 5-dig billing code 427.31

1.

SELECT * FROM concept WHERE concept_code = '427.31' ;

: #3

ICD -9 

SELECT * FROM concept_relationship WHERE concept_id_1 = 44821957 ;
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= 

CONCEPT 
_ID_1

CONCEPT 
_ID_2 RELATIONSHIP _ID

VALID_START 
_DATE

VALID_END 
_DATE

INVALID 
_REASON

44821957 313217 Maps to 01-Jan-1970 31-Dec-2099

CONCEPT 
_ID

CONCEPT_ NAME 
DOMAIN 
_ID

VOCABULARY 
_ID

CONCEPT_ 
CLASS_ID 

STANDARD_ 
CONCEPT 

CONCEPT_ 
CODE 

44821957 Atrial fibrillation Condition ICD9CM 5-dig billing code 427.31

Step 1. source concept
SELECT * FROM concept WHERE concept_code = '427.31' ;

Step 2. 
SELECT * FROM concept_relationship WHERE concept_id_1 = 44821957

AND relationship _id = 'Maps to';

Step 3. 
SELECT * FROM concept WHERE concept_id = 313217 ;
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#2: 

SNOMED 
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SELECT

*

FROM

concept_relationship

WHERE

concept_id_1 = 313217 ;

ID

CONCEPT 
_ID_1

CONCEPT 
_ID_2

RELATIONSHIP _ID

313217 4232697Subsumes
313217 4181800Focus of

313217 35204953
SNOMED - MedDRA 
eq

313217 4203375Asso finding of
313217 4141360Subsumes
313217 4119601Subsumes
313217 4117112Subsumes
313217 4232691Subsumes
313217 4139517Due to of
313217 4194288Asso finding of
313217 44782442Subsumes
313217 44783731Focus of
313217 21003018SNOMED - ind/CI
313217 40248987SNOMED - ind/CI
313217 21001551SNOMED - ind/CI
313217 21001540SNOMED - ind/CI
313217 45576876Mapped from
313217 44807374Asso finding of
313217 21013834SNOMED - ind/CI
313217 21001572SNOMED - ind/CI
313217 21001606SNOMED - ind/CI
313217 21003176SNOMED - ind/CI
313217 4226399Is a
313217 500001801SNOMED - HOI
313217 500002401SNOMED - HOI
313217 4119602Subsumes
313217 40631039Subsumes
313217 4108832Subsumes
313217 21013671SNOMED - ind/CI
313217 21013390SNOMED - ind/CI
313217 313217Maps to
313217 44821957Mapped from
313217 2617597Mapped from
313217 45500085Mapped from
313217 313217Mapped from
313217 45951191Mapped from
313217 21013856SNOMED - ind/CI
313217 21001575SNOMED - ind/CI
313217 21001594SNOMED - ind/CI
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SELECT cr .relationship_id , c.*

FROM concept_relationship cr 

JOIN concept c ON cr .concept_id_2 = c.concept_id 

WHERE cr .concept_id_1 = 313217 ;

#2
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(Ancestors ): 

5

2
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SELECT max_levels_of_separation , c.*

FROM concept_ancestor ca, concept c

WHERE ca.descendant_concept_id = 313217 /* Atrial fibrillation */

AND ca.ancestor_concept_id = c.concept_id

ORDER BY max_levels_of_separation

;
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SELECT max_levels_of_separation , c.*

FROM concept_ancestor ca, concept c

WHERE ca.ancestor_concept_id = 44784217 /* cardiac arrythmia */

AND ca.descendant_concept_id = c.concept_id

ORDER BY max_levels_of_separation

;
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Upper
Gastrointestinal Bleeding

1. 
SELECT * FROMconcept WHEREconcept_name = 'Upper gastrointestinal bleeding' ;

2. 

SELECT * FROMconcept WHERElower ( concept_name ) LIKE '%upper gastrointestinal%'

AND domain_id = 'Condition' AND standard_concept = 'S' ;
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SELECT max_levels_of_separation , c .*

FROMconcept_ancestor ca

JOIN concept c ON ca . ancestor_concept_id = c . concept_id

WHEREca . descendant_concept_id = 4332645 /* Upper gastrointestinal hemorrhage associated...*/

ORDERBY max_levels_of_separation ;

: 
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SELECT max_levels_of_separation , c .*

FROMconcept_ancestor ca

JOIN concept c ON ca . descendant_concept_id = c . concept_id

WHEREca . ancestor_concept_id = 4291649 /* Upper gastrointestinal hemorrhage */

ORDERBY max_levels_of_separation ;

: 

4291649 
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Å

ïNDC, GPI, Multilex , HCPCS, etc.

Å

ï ( )
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ï

Å

Å

?
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NDFRT

GPINDC EU 
Product

ATC

CPT4

Classifications

VA-
Product

Drug Forms and Components
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ETCFDB 
Ind 
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NDFRT Ind

MeS
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SPLVA 
Class

CVX

NDFRT ATC ETCFDB 
Ind 

NDFRT Ind SPLVA 
Class

CVX

dm+d

RxNorm    RxNorm

SNOMED

SNOMED

Drugs

RxNorm    RxNorm

RxNorm    RxNorm

AMIS

DPD

BDPM
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warfarin)

1.

SELECT * FROM concept WHERE lower(concept_name) = warfarin' ;
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Clopidogrel

1. NDC :

Bristol Meyer Squibb's  Plavix 75mg capsules: NDC 67544050474

SELECT * FROM concept WHERE concept_code = '67544050474' ;

47

SELECT * FROM concept_relationship WHERE concept_id_1 =45867731 and relationship_id ='Maps to' ;

SELECT * FROM concept WHERE concept_id =1322185 ;



2.  

SELECT a.max_levels_of_separation , c.*

FROM concept_ancestor ca

JOIN concept c ON ca.ancestor_concept_id = c.concept_id

WHERE ca.descendant_concept_id = 1322185 /* clopidogrel 75 MG Oral Tablet [Plavix] */

ORDER BY max_levels_of_separation ;
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3. ( )

SELECT max_levels_of_separation , c.*

FROM concept_ancestor ca

JOIN concept c ON ca.descendant_concept_id = c.concept_id

WHERE ca.ancestor_concept_id = 1310149 /* Warfarin or 1322185 Clopidogrel*/

ORDER BY max_levels_of_separation ;
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4. ingredient descendant)

SELECT max_levels_of_separation , c.*

FROM concept_ancestor ca

JOIN concept c ON ca.descendant_concept_id = c.concept_id

WHERE ca.ancestor_concept_id = 21600961 /* ATC Antithromboic Agent */

AND c.concept_class_id = Ingredient'

ORDER BY max_levels_of_separation ;
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CDM 5
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OMOP CDM Principles

ÅOMOP model is an information model

ïVocabulary(Conceptual) and Data Model are 
blended

ïDomain-oriented concepts

ÅPatient centric

ÅAccommodates data from various sources

ÅPreserves data provenance

ÅExtendable

ÅEvolving
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OMOP CDM Standard Domain Features
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PERSON

Å

Å : HL7 

Å /
: 

Å : LOCATION
Location

Å /
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LOCATION

Å

Å
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Å

Å

Å

Å

OBSERVATION_PERIOD
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DEATH

Å

Å
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VISIT_OCCURRENCE
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Å visit <> 
encounter :
ï

ï

Å
ï

ï

ï /
ï

ï

Å : OMOP

Å : /
, , 



CONDITION_OCCURRENCE

Å : SNOMED -> 

Å :
ï billing

diagnosis ( )
ï problemlist

Å <> 

60



 

61

Description GRSS CONSTT 
FORTUITMT

CIM10 0Z3300

CIM10Description PREG STATE INCIDENT

Mapsto CONDITION

Description EXSPECDEPS AUT 
MAL PREC

CIM10 0Z1380

CIM10Description SPECSCR OTHER 
SPEC DIS

Maps to OBSERVATION

Description AUTMESUR 
CHIMIO PROPHYL

CIM10 0Z2920

CIM10
Description

OTH 
PROPHYLACTIC 
CHEMO

Mapsto DRUG



DRUG_EXPOSURE

Å : RxNorm -> 

Å :
ï

ï

ï

Å
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63

Add example here

DrugSource 
Description

Form Desc AdminRoute 
Description

GenericName Maps To

OBSERVATION 
PERIOD

Miscellaneous Unspecified Documentation OBSERVATION

LUMBAR DDS 
BELT

Miscellaneous Unspecified Unspecified DEVICE

JOBST KNEE 
HIGH 
COMPRESSION 
STOCKING

Miscellaneous Unspecified Antiembolism
stockings

DEVICE

MASKS Miscellaneous Unspecified Masks DEVICE

PENNEEDLES Miscellaneous Unspecified Needle DEVICE



PROCEDURE_OCCURRENCE

Å : CPT-4, HCPCS, 
ICD -9 Procedures, 
ICD -10 Procedures, 
LOINC, SNOMED

Å
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DEVICE_EXPOSURE

ÅOMOP CDM 

ÅOMOP CDM
FDA

UDI

65



MEASUREMENT

Å - - EAV

Å : LOINC, SNOMED

Å : , 
, 

Å
ï : UCUM

Å

66



Measurement)

Å

ï

select distinct unit_source_value
from measurement 
where measurement_concept_id IN
(

SELECT concept_id
FROM concept
WHERE concept_name like '%LDL%

AND standard_concept = 'S
AND domain_id = 'Measurement

)
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select distinct (round (value_as_number / 10)) * 10 as value, 

count ( * ) 

from measurement 

where measurement_concept_id in

(

SELECT concept_id

FROMconcept

WHEREconcept_name like '%LDL%ô

AND standard_concept = 'Sô

AND domain_id = 'Measurementô

)

group by value

68

Measurement)



OBSERVATION

Å EAV 
:

ï : 

ï : 
Å

(e.g. )

ÅCDM , 

Å
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SPECIMEN

Å /

70



NOTE

Å

71



NOTE_NLP

ÅNOTE_NLP

NLP
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Health Economics

Å
COST 

Å cost)

Å
cost_domain_id

(e.g. , , 
etc.)
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DRUG_ERA

Å

Å
DRUG_EXPOSURE
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NDC: 00179198801
5 MG 

( + )

NDC: 
00310013010
ZESTRIL 5 MG

NDC: 00038013134
10 MG 

[Zestril]

NDC: 00038013210
20 MG 

[Zestril]

NDC: 58016078020
12.5 MG / 

20 MG 
[Zestoretic ]

60
d

30
d

30
d 
gap

?

?

1 2

NDC
?

X
?



Some Example Questions

Finding Warfarin

New Users of Warfarin

New Users of Warfarin 
who are >=65?

New Users of Warfarin 
with prior Atrial Fibrillation?

76

Ex 1

Ex 2

Ex 3

Ex 0



ÅWarfarin is a blood thinner that is used to 
treat/prevent blood clots.

ïWhere do you find drug data in the CDM?

ïWhat codes do I use to define drugs?

Warfarin Exposure

77



Concept

Concept_relationship

Concept_ancestor

Vocabulary

Source_to_concept_map

Relationship

Concept_synonym

Drug_strength

Cohort_definition

S
ta

n
d
a

rd
ize

d
 vo

c
a

b
u
la

rie
s

Attribute_definition

Domain

Concept_class

Cohort

Dose_era

Condition_era

Drug_era

Cohort_attribute

S
ta

n
d
a

rd
ize

d
 d

e
rive

d
 

e
le

m
e

n
ts

S
ta

n
d
a

rd
iz

e
d

 c
lin

ic
a

l d
a

ta

Drug_exposure

Condition_occurrence

Procedure_occurrence

Visit_occurrence

Measurement

Observation_period

Payer_plan_period

Provider

Care_siteLocation

Death

Cost

Device_exposure

Observation

Note

Standardized health system data

Fact_relationship

Specimen
CDM_source

Standardized meta-data
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captures records about the utilization of 
a drug when ingested or otherwise 
introduced into the body

Where are Drug Exposures in the 
CDM?
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How do I define Warfarin?

ÅWhen raw data is transformed into the CDM raw 
source codes are transformed into standard 
OMOP Vocabulary concepts

Å In the CDM, we no longer care what source 
codes existed in the raw data, we just need to 
use concept identifiers

ÅWe can use the OMOP Vocabulary to identify all 
concepts that contain the ingredient warfarin
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How do I define Warfarin?

ÅOHDSI Tool ATLAS

80

ÅWriting SQL Statement
SQL

http://www.ohdsi.org/web/atlas/


Finding Warfarin

81

0 individuals

Ex 0



Finding Warfarin

82

0 individuals

22,247 individuals

Ex 0



Finding Warfarin
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0 individuals

22,247 individuals

32,955 individuals

Ex 0



Some Example Questions

Finding Warfarin

New Users of Warfarin

New Users of Warfarin 
who are >=65?

New Users of Warfarin 
with prior Atrial Fibrillation?

84

Ex 1

Ex 2

Ex 3

Ex 0



Someone who has recently started taking the 
drug, typically with a 6 or 12 month wash out

How do I define new users of a 
drug?

2007 2008 2009 2010 2011 2012 2013 2014 2015

85

Ex 1



How do I define new users of a 
drug?

86

time in 

database

index 

drug

6 months

Someone who has recently started taking the 
drug, typically with a 6 or 12 month wash out

Ex 1



What is Needed in the CDM?

Å OMOP Vocabulary
to find the concepts

Å CDM Table DRUG_EXPOSURE
to find individuals with exposure

Å CDM Table OBSERVATION_PERIOD
ǘƻ ƪƴƻǿ ǇŜƻǇƭŜΩǎ ǘƛƳŜ ǿƛǘƘƛƴ ǘƘŜ ŘŀǘŀōŀǎŜ

87

Ex 1



New Users of Warfarin

88

Ex 1



Step 1: Get the codes you need
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Ex 1



Step 2:  Find Drug Exposures

90

Ex 1



Step 3:  Find New Users

91

Ex 1



How many people do you get?
18,080 individuals

Try running this on your own!

New Users of Warfarin

92

Ex 1



Some Example Questions

Finding Warfarin

New Users of Warfarin

New Users of Warfarin 
who are >=65?

New Users of Warfarin 
with prior Atrial Fibrillation?

93

Ex 1

Ex 2

Ex 3

Ex 0



Someone who has recently started taking the 
drug, typically with a 6 or 12 month wash out

How do I define new users of 
warfarin who are >=65?
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time in 

database

index 

drug

6 months

>=65 

years old

Ex 2



What is Needed in the CDM?

Å OMOP Vocabulary
to find the concepts

Å DRUG_EXPOSURE
to find individuals with exposure

Å OBSERVATION_PERIOD
ǘƻ ƪƴƻǿ ǇŜƻǇƭŜΩǎ ǘƛƳŜ ǿƛǘƘƛƴ ǘƘŜ ŘŀǘŀōŀǎŜ

Å PERSON
to know year of birth

95

Ex 2



Step 1: Start with the previous 
query

96

Ex 2



Step 2: Add the Person Table to 
calculate age

97

Ex 2



Try running this on your own!

How many people do you get?
14,946 individuals

New Users of Warfarin 
>= 65 years of age

98

Ex 2

How many people do you get?
13,010 individuals



Some Example Questions

Finding Warfarin

New Users of Warfarin

New Users of Warfarin 
who are >=65?

New Users of Warfarin 
with prior Atrial Fibrillation?

99

Ex 1

Ex 2

Ex 3

Ex 0



How do I define new users of 
Warfarin with prior Atrial 

Fibrillation?

100

time in 

database

index 

drug

6 months

prior AFIB

Ex 3



What is Needed in the CDM?

Å OMOP Vocabulary
to find the concepts

Å DRUG_EXPOSURE
to find individuals with exposure

Å OBSERVATION_PERIOD
ǘƻ ƪƴƻǿ ǇŜƻǇƭŜΩǎ ǘƛƳŜ ǿƛǘƘƛƴ ǘƘŜ ŘŀǘŀōŀǎŜ

Å PERSON
to know year of birth

Å CONDITION_OCCURRENCE
to find presence of a disease

101

Ex 3



Step 1: Start with the Ex 1 query

102

Ex 3



Step 2: Define Atrial Fibrillation

103

Ex 3



Step 3: Prior Atrial Fibrillation

104

Keeps condition within the 

same observable time, 

exclude if you want all time 

prior

Ex 3



How do I define new users of Warfarin 
with prior Atrial Fibrillation?

105

time in 

database

index 

drug

6 months

prior AFIB

observation

time

observation

time

Ex 3



Try running this on your own!

How many people do you get?
8,552 individuals

New Users of Warfarin 
with prior Atrial Fibrillation

106

Ex 3



Extract-Transform-Load 
(ETL)



ETL: 

PharMetrics Plus 
CLAIMS

pat_id claimno from_dt to_dt diagprc_ind Diag_admit diag1

05917921689 IPA333393946 1/5/2006 1/5/2006 1 41071 41071

LRx/Dx
MEDICAL_CLAIMS

md_clm_id ims_pat_nbr dt_of_service rxer_id diag_cd

95963982102 80445908 8/1/2012 0:00 680488 41071

German DA
ProblemEvents

db_country
international_

practice_num

international_

doctor_num

international_

patient_num
age_at_event date_of_event

international_

diagnosis_nu

m

GE GE6326 GE8784 GE46478747 20

11/19/2014 

0:00 GE2397573

Ambulatory EMR
Problem

Patient_id_synth Diag_dt Icd10_cd

271138 4/11/2013 I214

Diagnosis

db_country
international_dia

gnosis_num
diagnosis_num icd10_4_code icd10_3_text

diagnosis_conf

idence

GE GE2397573 2397573 I21.4

Non-ST elevation 

(NSTEMI) 

myocardial 

infarction Confirmed

4

Å ...
Å ...
Å

Å

Å ICD9 ICD10
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ETL OMOP CDM ?

PharMetricsPlus
Inpatient Claims 

pat_id claimno from_dt to_dt diagprc_ind Diag_admit
05917921689 IPA333393946 1/5/2006 1/5/2006 1 41071

PharMetricsPlus
CONDITION_OCCURRENCE

PERSON_ID
CONDITION_
START_DATE

CONDITION_
SOURCE_VA
LUE CONDITION_TYPE_CONCEPT_ID

05917921689 1/5/2006 41071Inpatient claims - primary position

PharMetricsPlus
CONDITION_OCCURRENCE

PERSON_ID

CONDITION 
_START 
_DATE

CONDITION 
_SOURCE 
_VALUE

CONDITION _TYPE 
_CONCEPT_ID

CONDITION 
_SOURCE 
_CONCEPT_ID

CONDITION 
_CONCEPT_ID

05917921689
1/5/2006 41071

Inpatient claims -
primary position 44825429 444406
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OMOP CDM = 

PharMetrics Plus:  CONDITION_OCCURRENCE

PERSON_ID
CONDITION_
START_DATE

CONDITION
_SOURCE_V

ALUE CONDITION_TYPE_CONCEPT_ID

157033702 1/5/2006 41071 Inpatient claims - primary position

LRX/DX:  CONDITION_OCCURRENCE

PERSON_ID
CONDITION_
START_DATE

CONDITION
_SOURCE_V

ALUE CONDITION_TYPE_CONCEPT_ID

80445908 8/1/2012 41071 Primary Condition

German DA : CONDITION_OCCURRENCE

PERSON_ID
CONDITION_
START_DATE

CONDITION
_SOURCE_V

ALUE CONDITION_TYPE_CONCEPT_ID

46478747

11/19/2014 I21.4 EHR problem list entry

Ambulatory EMR: 
CONDITION_OCCURRENCE

PERSON_ID
CONDITION_
START_DATE

CONDITION
_SOURCE_V

ALUE CONDITION_TYPE_CONCEPT_ID

271138 4/11/2013 I214 Primary Condition

Å

Å
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OMOP CDM = :

PharMetricsPlus:  CONDITION_OCCURRENCE

PERSON_ID

CONDITION 
_START 
_DATE

CONDITION 
_SOURCE 
_VALUE

CONDITION _TYPE 
_CONCEPT_ID

CONDITION 
_SOURCE 
_CONCEPT_ID

CONDITION 
_CONCEPT_ID

05917921689
1/5/2006 41071

Inpatient claims -
primary position 44825429 444406

LRx/Dx:  CONDITION_OCCURRENCE

PERSON_ID

CONDITION 
_START 
_DATE

CONDITION 
_SOURCE 
_VALUE

CONDITION _TYPE 
_CONCEPT_ID

CONDITION 
_SOURCE 
_CONCEPT_ID

CONDITION 
_CONCEPT_ID

80445908
8/1/2012 41071PrimaryCondition 44825429 444406

GermanDA: CONDITION_OCCURRENCE

PERSON_ID

CONDITION 
_START 
_DATE

CONDITION 
_SOURCE 
_VALUE

CONDITION _TYPE 
_CONCEPT_ID

CONDITION 
_SOURCE 
_CONCEPT_ID

CONDITION 
_CONCEPT_ID

6478747 11/19/2014 I21.4
EHR problem list entry

45572081 444406

Ambulatory EMR : CONDITION_OCCURRENCE

PERSON_ID

CONDITION 
_START 
_DATE

CONDITION 
_SOURCE 
_VALUE

CONDITION _TYPE 
_CONCEPT_ID

CONDITION 
_SOURCE 
_CONCEPT_ID

CONDITION 
_CONCEPT_ID

271138 4/11/2013 I214 PrimaryCondition 45572081 444406

Å

Å

Å

ICD9 / 
10 SNOMED

Å
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ETL : 

Å

ïCDM Ғ

ï Ғ

ï

ï Ғҙֲ

ï ҙ≠ ῏
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ÅPatients without transaction 

Å

ï ID 

ï (e.g. 000 )

Å

113
https://github.com/OHDSI/CommonDataMode

l/wiki

https://github.com/OHDSI/CommonDataModel/wiki


CDM 

Å CDM

Å CDM Github
ïhttps://github.com/OHDSI/CommonDataMo
del

ï Github

Å wiki page

Å Clair Blacketer 
(mblacke@its.jnj.com )

114

https://github.com/OHDSI/CommonDataModel
http://www.ohdsi.org/web/wiki/doku.php?id=projects:workgroups:cdm-wg
mailto:mblacke@its.jnj.com


ETL : Agile

115

ETL 

/ /

0

1

2

3

4

Release



OHDSI ETL ҽᶛ
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ς ETL /

ς /

0

ÅLocation

ÅCare site

ÅPerson

ÅProvider

ÅDeath

ÅOrganization

1

ÅDrug 
Exposure

ÅCondition 
Occurrence

2

ÅProcedure 
Occurrence

ÅCondition

3

ÅObservation

ÅPayer plan 
period

4

ÅCost

ÅObservation 
Period

ÅVisit 
Occurrence

ÅVisit Detail

5

ÅDrug Era

ÅDose Era

ÅCondition 
Era

0

ÅInitial Data 
On-boarding

1

ÅLocation

ÅCare site

ÅPerson

ÅProvider

ÅDeath

ÅOrganization

2

ÅDrug 
Exposure

ÅCondition 
Occurrence

3

ÅProcedure 
Occurrence

ÅCondition

4

ÅObservation

ÅPayer plan 
period

5

ÅCost

ÅObservation 
Period

ÅVisit 
Occurrence

ÅVisit Detail

6

ÅDrug Era

ÅDose Era

ÅCondition 
Era

:
ÅUser Story
ÅWhite Rabbit
ÅVocabulary Mapping 
ÅETL specs 



OHDSI ETL
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ETL 

/ f /

Rabbits Usagi -

Atlas 

(Achilles)



ᶏ WhiteRabbit
Rabbit - In - A- Hat 

ѿҩETL



Github

119

https://github.com/OHDSI/WhiteRabbit

Å Java 1.7 ҉ץ

ÅҊ White Rabbit ᴆ

https://github.com/OHDSI/WhiteRabbit


White Rabbit

Å№ ῤ

Å ῃ

Å :
ï ̆ ῤ Ḥ ץ , ṿ №

Å ṿ ᵞ Ҋ Ḡץ ֲ

Å ҉ ץ

Å SQL Server, Oracle, PostgreSQL, 
MySQL, CSV ᴆ

Å Java App



ÅXLSX ᴆῤ ѿ ↓ ̂tabs̃

ïOverview Tab
№ ҩ ӈ̆ ΐ ѿ

ïTable Tab(s)
↓ ↓̆ᴪ ҍ № ѿ
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Overview Tab

Å

122



Table Tabs

Å Beneficiary_Summary.csv ӈȂ ף ѿ
ҩ medicare Ḡֲ

123

Beneficiary_Summary.csv



Rabbit In a Hat

Å WhiteRabbit

Å WhiteRabbit ETL

Å
ETL
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ETL

Å ֲ

Å ѿ Ҭ ᵬ

Å ⌠CDM

Å ҩ CDM ΐᵣḤ

Å ETL

125



CDM

126



CDM

127



CDM

128

Prescription Drug Part D

.  Medicare Part D .



CDM

129

Synpuf NDC 52555011101 -

ñClofibrate500 MG Oral 

Capsule ò

ID1598659 -

ñClofibrate 500 MG Oral Capsuleò



CDM

130

, , 

.  

HCPCs Drug



Map Raw Tables 
to CDM Tables

131

HCPC ( ) J9310  -

ñInjection, rituximab

, 100 mgò

46275076 ïñrituximab Injectionò

.



CDM

CDM̆ Ḡ
Ḥ

132



PERSON

Å ׂױ ҽᶛ׆PERSON 

133



134
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ᶏ Usagi



Github

137

https://github.com/OHDSI/Usagi

Java ҉ץ 1.8

ÅҊ Usagi jar ᴆ

Å v5 ᴆ

https://github.com/OHDSI/Usagi


USAGI

Å ԍ ꜛ Ҭ ף ⌠ Ữ
OMOP Ҭ ‰ ΐ

138

http://www.ohdsi.org/web/wiki/doku.php?id=documentation:software:usagi



USAGI ӟ

139



ᶏ Athena



Github

141

http://athena.ohdsi.org/

http://athena.ohdsi.org/


Exercise: Find Standard Concept ID 
from Source Concept

: 313217

: 313217

: 4154290 'Paroxysmal Atrial Fibrillation'

142

?

Source codes

Concept 

Read G573000

Atrial Fibrillation

ICD-9-CM 427.31

Atrial Fibrillation 

ICD-10-CM I48.0

Atrial Fibrillation

ICD- 9: '427.31'

Read: 'G573000'

ICD- 10: 'I48.0'

Step 1. Lookup

SELECT * FROMconcept WHEREconcept_code = ... ;

Step 2. Translate

SELECT * FROMconcept_relationship WHEREconcept_id_1 = ...

AND relationship _id = 'Maps to';

Step 3. Check out

SELECT * FROMconcept WHEREconcept_id = ... ;



ÅAsthma

ÅPlague

ÅIngrown toenail

ÅYour favorite condition here

Exercise:  Find Standard 
Concept ID for Conditions

4065236

317009

434271

4290993
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ÅMetformin

ÅTolazamide

ÅTelmisartan

ÅYour favorite ingredient here

Exercise: 
Find Standard Concept ID

1317640

1503297

1502809

144



ÅA10AE06

Å686450400

ÅYour favorite drug here

Exercise: 
Find Standard Concept ID

35602717

19080217

145



URL:  
https://training.atlasplus.imshealth.com/
#/home

Username:  Atlasuser2@gmail.com

Password:  Trainer@2018

Exercise: 
Log into Atlas

146

https://training.atlasplus.imshealth.com/#/home
mailto:Atlasuser2@gmail.com


OHDSI :  

Patrick Ryan, PhD

Janssen Research and 
Development, Columbia 

University Medical Center

Jon Duke, MD

Georgia Tech Research 

Institute



Agenda

148

Section Time Item(s)

Cohort Definition

8:00 ς9:00 
(1 hour)

Index date
Entry criteria
Additional criteria
Exit criteria

Atlas Demo
9:00 ς10:00 
(1 hour)

Data Source Profile
Vocabulary
Concept Set

Break 10:00 ς10:15 Break

Cohort Building
10:15 ς12:00 
(45 min)

Graham paper
Cohort Creation

Lunch
12:00 ς13:00 Lunch

Cohort Building
13:00 ς14:00 Cohort Features



Agenda (cont)

149

Section Time Item(s)

Population 
Estimation

14:00 ς14:30 
(30 minutes)

Target, Comparator, Outcome Cohort

Break 14:30 ς14:45 Break

Population 
Estimation

14:45 ς17:00
(45 min)

Build Population Estimation
Review Results



hI5{LΩǎ Ƴƛǎǎƛƻƴ

To improve health, by empowering a 
community to collaboratively generate the 

evidence that promotes better health decisions 
and better care.



What evidence does OHDSI seek to 
generate from observational data?

ÅClinical characterization

ïNatural history: Who are the patients who have diabetes?  Among 
those patients, who takes metformin?

ïQuality improvement:  what proportion of patients with diabetes 
experience disease-related complications?

ÅPopulation-level estimation

ïSafety surveillance:  Does metformin cause lactic acidosis?

ïComparative effectiveness:  Does metformin cause lactic acidosis 
more than glyburide?

ÅPatient-level prediction

ïPrecision medicine:Given everything you know about me and my 
medical history, if I start taking metformin, what is the chance that I 
am going to have lactic acidosis in the next year? 

ïDisease interception:  Given everything you know about me, what is 
the chance I will develop diabetes?



²Ƙŀǘ ƛǎ hI5{LΩǎ ǎǘǊŀǘŜƎȅ ǘƻ ŘŜƭƛǾŜǊ 
reliable evidence?

ÅMethodological research

ïDevelop new approaches to observational data analysis

ïEvaluate the performance of new and existing methods

ïEstablish empirically-based scientific best practices

ÅOpen-source analytics development

ïDesign tools for data transformation and standardization

ïImplement statistical methods for large-scale analytics

ïBuild interactive visualization for evidence exploration

ÅClinical evidence generation 

ïIdentify clinically-relevant questions that require real-world evidence

ïExecute research studies by applying scientific best practices through 
open-source tools across the OHDSI international data network

ïPromote open-science strategies for transparent study design and 
evidence dissemination



A standardized process for evidence 
generation and dissemination

Open-source knowledgebase 

(LAERTES)

Open-source front-end web 

applications (ATLAS)

Open-source back-end statistical 

packages 

(R Methods Library)

How OHDSI is trying to help:

OHDSI network studies 

OHDSI community
1. Question

2. Review

3. Design

5. Execute

6. Evaluate

4. 

Publish 

Protoco

l

7. Synthesize



RCT  VS Comparative Cohort Study





Intuition around propensity score 
balance

Schneeweiss. PDS 2011



Methods for confounding adjustment 
using a propensity score

Garbeet al, EurJ ClinPharmacol2013, http://www.ncbi.nlm.nih.gov/pubmed/22763756

Fully implemented in OHDSI 
CohortMethodR package

Not generally recommended



How does Epidemiology define a 
comparative cohort study?

Χƛǘ ŘŜǇŜƴŘǎ ƻƴ ǿƘŀǘ 9ǇƛŘŜƳƛƻƭƻƎȅ ǘŜȄǘōƻƻƪ ȅƻǳ ǊŜŀŘΧ

άLƴ ŀ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ŎƻƘƻǊǘ ǎǘǳŘȅΧǘƘŜ ƛƴǾŜǎǘƛƎŀǘƻǊ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ŎƻƘƻǊǘ ƻŦ 
individuals based on their characteristics in the past and then reconstructs 
their subsequent disease experience up to some defined point in the most 
ǊŜŎŜƴǘ Ǉŀǎǘ ƻǊ ǳǇ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘ ǘƛƳŜέ  

--Kelsey et al, Methods in Observational Epidemiology, 1996

άLƴ ŀ ŎƻƘƻǊǘ ǎǘǳŘȅΣ ŀ ƎǊƻǳǇ ƻŦ ǇŜƻǇƭŜ όŀ ŎƻƘƻǊǘύ ƛǎ ŀǎǎŜƳōƭŜŘΣ ƴƻƴŜ ƻŦ ǿƘƻƳ 
has experienced the outcome of interest, but all of whom could experience 
ƛǘΧhƴ ŜƴǘǊȅ ǘƻ ǘƘŜ ǎǘǳŘȅΣ ǇŜƻǇƭŜ ƛƴ ǘƘŜ ŎƻƘƻǊǘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘƻǎŜ 
characteristics (possible risk factors) that might be related to outcome.  These 
people are then observed over time to see which of them experience the 
ƻǳǘŎƻƳŜΦέ  

--Fletcher, Fletcher and Wagner, ClincalEpidemiology ςThe 
Essentials, 1996

άLƴ ǘƘŜ ŎƻƘƻǊǘ ǎǘǳŘȅΩǎ Ƴƻǎǘ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƻǊƳŀǘΣ ŀ ŘŜŦƛƴŜŘ ǇƻǇǳƭŀǘƛƻƴ ƛǎ 
identified.  Its subjects are classified according to exposure status, and the 
incidence of the disease (or any other health outcome of interest) is 
ŀǎŎŜǊǘŀƛƴŜŘ ŀƴŘ ŎƻƳǇŀǊŜŘ ŀŎǊƻǎǎ ŜȄǇƻǎǳǊŜ ŎŀǘŜƎƻǊƛŜǎΦέ  

--Szkloand Nieto, Epidemiology: Beyond the Basics, 2007

άLƴ ǘƘŜ ǇŀǊŀŘƛƎƳŀǘƛŎ ŎƻƘƻǊǘ ǎǘǳŘȅΣ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘƻǊ ŘŜŦƛƴŜǎ ǘǿƻ ƻǊ ƳƻǊŜ ƎǊƻǳǇǎ 
of people that are free of disease and that differ according to the extent of 
their exposure to a potential cause of disease.  These groups are referred to as 
the study cohorts.  When two groups are studies, one is usually though of as 
the exposed or index cohort ςthose individuals who have experienced the 
putative causal event or condition ςand the other is then thought of as the 
ǳƴŜȄǇƻǎŜŘ ƻǊ ǊŜŦŜǊŜƴŎŜ ŎƻƘƻǊǘΦέ  

--Rothman, Modern Epidemiology, 2008

ά/ƻƘƻǊǘ ǎǘǳŘƛŜǎ ŀǊŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ƛŘŜƴǘƛŦȅ ǎǳōǎŜǘǎ ƻŦ ŀ ŘŜŦƛƴŜŘ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ 
follow them over time, looking for differences in their outcome.  Cohort 
studies generally compare exposed patients to unexposed patients, although 
ǘƘŜȅ Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ƻƴŜ ŜȄǇƻǎǳǊŜ ǘƻ ŀƴƻǘƘŜǊΦέ  

--Strom, Pharmacoepidemiology, 2005



hI5{LΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ΨŎƻƘƻǊǘΩ
OHDSI ľ Ŀ

Cohort = a set of persons who satisfy one or more inclusion 
criteria for a duration of time

= 

Objective consequences based on this cohort definition:
Å One person may belong to multiple cohorts
Å One person may belong to the same cohort at multiple different time periods
Å One person may not belong to the same cohort multiple times during the same period of 

time
Å One cohort may have zero or more members
Å A codesetƛǎ bh¢ ŀ ŎƻƘƻǊǘΧ

ΧƭƻƎƛŎ ŦƻǊ Ƙƻǿ ǘƻ ǳǎŜ ǘƘŜ codesetin a criteria is required

:
Å

Å

Å

Å 0
Å Χ

Χ





A database is full of cohorts, some of 
which may represent valid comparisons

Database cohort

New users of Drug A
New users of Drug 

B

New users 
of Drug C

Incident event of 
condition 1

Persons with 
surgery E

New users of 
Drug F

Users of 
C+F

New users of 
Device D

Diagnosed 
with 

condition 
2

Had 
Outcome 

3



An Example of Comparative Cohort Studies



Design of Comparative Cohort Study

Input parameter Designchoice

Target cohort (T) dabigatrannew userswith prior atrial 
fibrillation

Comparator cohort(C) warfarin new userswith prior atrial 
fibrillation

Outcome cohort (O) Ischemic stroke

Time-at-risk 1 day after cohort start Ą cohortend

Model specification 1:1 propensity score-matched univariable
conditional Cox proportional hazards



The choice of the outcome model 
defines your research question

Logistic 
regression

Poissonregression Cox proportional 
hazards

How the 
outcome 
cohort is 
used

Binaryclassifier 
of presence/ 
absence of 
outcome during 
the fixed time-
at-risk period

Count the number of 
occurrencesof 
outcomes during 
time-at-risk

Compute time-to-event
from time-at-risk start 
until earliest of first 
occurrence of outcome 
or time-at-risk end, and 
track the censoring event 
(outcome or no 
outcome)

ΨwƛǎƪΩ ƳŜǘǊƛŎOddsratio Rateratio Hazard ratio

Keymodel 
assumptions

Constant
probability in 
fixed window

Outcomesfollow 
Poisson distribution 
with constant risk

Proportionalityς
constant relative hazard




