
Interoperability for clinical analytics
Observational Health Data Sciences and Informatics (OHDSI)

Séminaires Recherche et Pratique en Santé Publique
Institut de Santé Publique d’Epidémiologie et de Développement

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Université de Bordeaux, France
October 11, 2019



Lister Hill National Center for Biomedical Communications 2

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

 Observational Health Data Sciences and Informatics 
(OHDSI)
 OHDSI in action

 Analyzing drug treatment pathways for 3 chronic diseases from 
clinical data warehouse in multiple countries

 How do they do that?

 The context of clinical data science
 Datasets
 Data models
 Terminologies

 Current trends and future directions



Observational Health Data Sciences 
and Informatics (OHDSI)
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OHDSI  Outline

OHDSI in action
 Analyzing drug treatment pathways for 3 chronic 

diseases from clinical data warehouse in multiple 
countries

How do they do that?
 From OMOP to OHDSI
 Foundational principles
 OHDSI software, test data and methods
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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
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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 RabbitInAHat tool

 Applicable to various types of observational data (EHR, claims)
 Data remain local to a clinical institution
 The same query/protocol can be executed at each site and the 

results aggregated across sites
 Research projects are based on rigorous protocols
 Open science (Open-source software, open protocols, open 

results)
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OHDSI (open-source) software

Tools for mapping data to OHDSI
 WhiteRabbit – profile your source data
 RabbitInAHat – map your source structure to CDM 

tables and fields
 ATHENA – standardized vocabularies for all CDM 

domains
 Usagi – map your source codes to CDM vocabulary
 ACHILLES – database characterization and data 

quality assessment

http://github.com/OHDSI
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OHDSI (open-source) software

 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)

 […]

http://github.com/OHDSI
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OHDSI methods

Types of methods
 Population-Level Estimation

 Safety surveillance 
 Comparative effectiveness

 Patient-Level Prediction
Effect estimation & calibration

 Confidence interval calibration
 Implemented with open-source tools for large-

scale analytics
 R packages
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Examples of network research studies

Characterizing treatment pathways at scale using 
the OHDSI network

Levetiracetam and risk of angioedema in patients 
with seizure disorder 

Comparison of combination treatment in 
hypertension (against RCTs)

Drug utilization in children
Comparative effectiveness of alendronate and 

raloxifene in reducing the risk of hip fracture
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More about OHDSI

OHDSI Europe

The Book of OHDSI (Aug. 2019)
https://ohdsi.github.io/TheBookOfOhdsi/

https://www.ohdsi-europe.org/



The context of clinical data science
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The context of clinical data science  Outline

Datasets
Data models
Terminologies
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Datasets

Center for Medicare and Medicaid (CMS) data
MIMIC III
Clinical data warehouses (academic medical 

centers, Veterans Administration)
EHR vendors (GE Centricity; EPIC Clarity; 

Cerner Health Facts)
Commercial datasets (OPTUM, Truven)
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Center for Medicare and Medicaid (CMS)

https://www.cms.gov/

Medicare
Covers: people age 65 or older,
people under age 65 with certain disabilities, and
people of all ages with End-Stage Renal Disease.
3 parts:
- Part A Hospital Insurance
- Part B Medical Insurance
- Part D Prescription Drug Coverage

Medicaid
- Provides health coverage to 69 million Americans, 

including eligible low-income adults, children, 
pregnant women, elderly adults and people with 
disabilities

- Administered by states, according to federal 
requirements

- Funded jointly by states and the federal government.
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Center for Medicare and Medicaid (CMS) data

Available through the CMS Virtual Research Data 
Center (VRDC)
 At a cost
 Cloud-based environment – data cannot be downloaded

Longitudinal data available
 From 1999 for demographics, 

hospitalization and ambulatory 
data

 From 2006 from drug coverage

https://www.resdac.org/cms-data
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Example of use of CMS data
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MIMIC III

Medical Information Mart for Intensive Care 
 Freely available to researchers worldwide
Encompasses a diverse and very large population 

of ICU patients (~40k)
 Includes demographics, vital signs, laboratory 

tests, medications, and bedside monitor trends and 
waveforms

Contains high temporal resolution data

https://mimic.physionet.org/
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Example of use of MIMIC data



Lister Hill National Center for Biomedical Communications 29

Data models

OMOP
 i2b2
 PCORnet
 Sentinel
CDISC
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OMOP

OMOP – Observational Medical Outcomes 
Partnership



https://github.com/OHDSI/CommonDataModel/wiki
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OMOP Common Data Model v6.0 Specifications 11October2018



Lister Hill National Center for Biomedical Communications 32

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/Current version is 4.1
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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 with 300 million person-years of 
high quality, unduplicated, curated data

https://www.sentinelinitiative.org/
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Sentinel Common Data Model
https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model
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CDISC

 CDISC – Clinical Data Interchange Standards 
Consortium

 “develop and support global, platform-independent 
data standards that enable information system 
interoperability to improve medical research and 
related areas of healthcare”

 Set of standards required by FDA for regulatory 
submissions (clinical research)

.

https://www.cdisc.org/
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Differences among data models

Comparison of 4 CDMs found 
OMOP the best for use with a 
longitudinal community registry

Examples of differences
 Derivative data and assumptions

 Drug eras in OHDSI

 Terminology binding
 Commitment to standard terminologies (e.g., OHDSI)

Ongoing harmonization (?)
https://aspe.hhs.gov/harmonization-various-common-data-models-and-open-standards-evidence-generation

Garza, JBI, 2016
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Terminologies

 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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SNOMED CT  Example
http://browser.ihtsdotools.org/
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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 --

https://loinc.org/



Lister Hill National Center for Biomedical Communications 4444

RxNorm  Relations among drug entities

https://mor.nlm.nih.gov/RxNav/RxNorm Example
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ICD-10 vs. ICD-10-CM

x6
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Unified Medical Language System

Biomedical
literature

MeSH

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM

Clinical
repositories

SNOMED CTOther
subdomains

…

Anatomy

FMA

UMLS

https://uts.nlm.nih.gov/
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Integrating terminologies

Biomedical
literature

Genome
annotations

Model
organisms

Genetic
knowledge bases

Clinical
repositories

Other
subdomains

Anatomy
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Integrating terminologies

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



Current trends and future directions
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ONC interoperability roadmap

 October 2015

https://www.healthit.gov/sites/default/files/hie-interoperability/nationwide-interoperability-roadmap-final-version-1.0.pdf

October 2015
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ONC Interoperability Standards Advisory

 Introduction to the ISA
 Scope; Purpose; ISA Structure

 Sections
 I: Vocabulary/Code Set/Terminology Standards and 

Implementation Specifications 
 II: Content/Structure Standards and Implementation Specifications 
 III: Standards and Implementation Specifications for Services 
 IV: Administrative Standards and Implementation Specifications

 Appendices
 I – Sources of Security Standards and Security Patterns 
 II - Models and Profiles 
 III - Educational and Informational Resources 
 IV - State and Local Public Health Readiness for Interoperability

https://www.healthit.gov/isa/
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Learning health system

IOM, May 2013
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Fast Healthcare Interoperability Resources

New standard for exchanging healthcare 
information electronically

Developed by HL7 FHIR foundation
Based on resources

 Basic building blocks of information (patient, 
condition, procedure, practitioner)

 Can be extended as needed
 Supports 4 different paradigms for exchange: the 

RESTful API, Messaging, Documents, and 
Services

http://www.fhir.org/
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All of Us – Precision Medicine Initiative (NIH)

https://allofus.nih.gov/
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