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Disclaimer

The views and opinions expressed do not necessarily 
state or reflect those of the U.S. Government, and 
they may not be used for advertising or product 
endorsement purposes.
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Outline

The context of health data analytics
 Data models
 Terminology integration

Observational Health Data Sciences and 
Informatics (OHDSI)
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“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



Lister Hill National Center for Biomedical Communications 7

http://www.ohdsi.org/web/wiki/doku.php?id=documentation:cdm
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i2b2

 i2b2 – Informatics for Integrating Biology & the 
Bedside

Originally developed by the i2b2 National Center 
for Biomedical Computing (2004-2013)
 Now i2b2 tranSMART Foundation

 Platform to support translational research
Widely adopted worldwide

https://www.i2b2.org/
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i2b2 data model – original “star schema”
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i2b2-OMOP convergence

 i2b2 on OMOP
 Supports query formulation against an OMOP-

compliant data source through i2b2 tools
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PCORnet

 PCORnet – National Patient-Centered Clinical 
Research Network

 Initiative of the Patient-Centered Outcomes 
Research Institute (PCORI)
 Funded through the Patient Protection and Affordable 

Care Act of 2010
 “designed to make it faster, easier, and less costly 

to conduct clinical research”
Made up of 

 13 Clinical Data Research Networks (CDRNs)
 20 Patient-Powered Research Networks (PPRNs)

http://www.pcornet.org/
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http://www.pcornet.org/pcornet-common-data-model/
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Sentinel

 Initiative of the Food and Drug Administration 
(FDA)

Effort to create a national electronic system for 
monitoring the performance of FDA-regulated 
medical products (drugs, vaccines, and other 
biologics)

Develop a system to obtain information from 
existing electronic health care data from multiple 
sources to assess the safety of approved medical 
products

Distributed dataset reached 100 lives in 2011

https://www.fda.gov/Safety/FDAsSentinelInitiative/
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Sentinel Common Data Model
https://www.fda.gov/Safety/FDAsSentinelInitiative/
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Role of terminologies

Normalization
 Different datasets may be annotated in reference to 

different terminologies
 Identify equivalent (or close) concepts across 

terminologies
Aggregation

 Queries are generally formulated at a high-level
 Terminologies support aggregation

 Transitive closure
 Value sets
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Terminologies used for heath data analytics

 Main clinical terminologies for the Meaningful Use 
incentive program (clinical documentation; clinical 
quality measures)
 SNOMED CT
 LOINC
 RxNorm

 Legacy terminologies (billing)
 [ICD9-CM]; ICD10-CM
 CPT

 Other terminologies (CDISC)
 NCI Thesaurus
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Binding between terminology and 
information model

Often involves mapping
Can happen at various stages along of the 

integration process
 ETL – Extract / Transform / Load
 Query (query translation)

 Issues
 Integrating heterogeneous datasets

 Different terminologies
 Different levels of granularity
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Terminology integration

Biomedical
literature

Genome
annotations

Model
organisms

Genetic
knowledge bases

Clinical
repositories

Other
subdomains

Anatomy
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Terminology 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



Observational Health Data Sciences 
and Informatics (OHDSI)
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OHDSI  Outline

 From OMOP to OHDSI
 Foundational principles
OHDSI software, test data and methods
Use cases and research

 PNAS paper
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From OMOP to OHDSI

 OMOP – Observational Medical Outcomes 
Partnership
 Public-private partnership established to inform the 

appropriate use of observational healthcare databases for 
studying the effects of medical products (2008-2013)

 Community of researchers from industry, government, and 
academia

 Achievements
 Conduct methodological research to empirically evaluate the 

performance of various analytical methods on their ability to 
identify true associations and avoid false findings

 Develop tools and capabilities for transforming, characterizing, 
and analyzing disparate data sources across the health care 
delivery spectrum

 Establish a shared resource so that the broader research 
community can collaboratively advance the science

http://omop.org
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From OMOP to OHDSI

OHDSI – Observational Health Data Sciences and 
Informatics
 Multi-stakeholder, interdisciplinary collaborative to 

bring out the value of health data through large-scale 
analytics

 International network of researchers and observational 
health databases with a central coordinating center 
housed at Columbia University

 Continues to actively use the OMOP Common Data 
Model and Standardized Vocabularies

 Develops open-source solutions [with Greek names]
 Annual symposium

https://www.ohdsi.org/
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Foundational principles

 Data standardization through
 Common data model (OMOP CDM)
 Standard vocabularies

 Conversion (ETL) of the local clinical data warehouse to 
the OMOP CDM and standard vocabularies
 Supported by the WhiteRabbit tool

 Applicable to various types of observational data (EHR, 
claims)

 Data remain local to a clinical institution
 The same query can be executed at each site and the results 

aggregated across sites
 Research projects are based on rigorous protocols
 Open-source software
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OHDSI software

 ATLAS – unified interface to multiple OHDSI tools
 ATHENA – access to standardized vocabularies
 ACHILLES – database characterization and data quality 

assessment
 CALYPSO – analytical component for clinical study 

feasibility assessment
 CIRCE – cohort creation
 HERACLES – cohort-level analysis and visualization
 LAERTES – system for investigating the association of 

drugs and health (adverse events)
 DRUG EXPOSURE EXPLORER – visualize drug 

exposures (an experimental deployment using the SynPUF
1% simulated patient data set)
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OHDSI methods

 Population-Level Estimation
 Safety surveillance 
 Comparative effectiveness

 Patient-Level Prediction

 Implemented with open-source tools for large-
scale analytics
 R packages
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Examples of network research studies

Comparison of combination treatment in 
hypertension

Comparative effectiveness of alendronate and 
raloxifene in reducing the risk of hip fracture

Levetiracetam and risk of angioedema in patients 
with seizure disorder

Drug utilization in children
Characterizing treatment pathways at scale using 

the OHDSI network

In development
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Characterizing treatment pathways at 
scale using the OHDSI network
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Characterizing treatment pathways at 
scale using the OHDSI network

Objectives: analyze the variability of 
pharmacological treatment interventions over 
three years across three diseases (type-2 diabetes 
mellitus, hypertension, or depression)

 Inclusion criteria: exposure to an antidiabetic, 
antihypertensive, or antidepressant medication for 
3 years, as well as presence of at least one 
diagnostic code for the corresponding disease

Exclusion criteria: based on diagnostic data (e.g., 
exclusion of schizophrenia patients from the 
depression cohort)
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Characterizing treatment pathways at 
scale using the OHDSI network

Materials: 11 datasets representing a total of 255 
million patients
 EHR data (South Korea, U.K., U.S.) 67M
 Claims data (U.S., Japan) 188M

Methods: Analyze the sequences of medications 
that patients were placed on during those 3 years, 
to reveal patterns and variation in treatment 
among data sources and diseases
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Characterizing treatment pathways at 
scale using the OHDSI network

Results
 Patients with 3 years of uninterrupted therapy

 327,110 diabetes patients
 1,182,792 hypertension patients
 264,841 depression patients

 Treatment 
pathways
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Differences across diseases

 Diabetes
 Metformin is the first line

of treatment and often the
only treatment

 Hypertension
 Slight predominance of HCTZ,

frequently paired with other
medications

 Depression
 Even spread of medications

 Unique treatment pathways 
(within a cohort)
 10% TDM
 25% HTN
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Differences across countries

Metformin 
less often 
used in 
Japan

Wide variety 
of starting 
medications

The most 
common 
medication 
varies by 
source



Lister Hill National Center for Biomedical Communications 35

All of Us – Precision Medicine Initiative

https://allofus.nih.gov/
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