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We’ve Come a Long Way, But…
>1800 DATABASES

>1500  STANDARDS

>900  ONTOLOGIES

>23K CDES

…our data is still not integrated nor 
inte roperable  

Search Term CDEs in 
NLM

Ontologies 
in BioPortal

Date  of Birth 28 49

Blood Pressure 104 33

Smoking Status 22 48



CDEs Help, But They Are Not Yet Computable
• Good governance and validation approaches
• Working with CDEs is still large ly manual - not scalable
• Many overlapping CDE repositorie s (NLM, caDSR, PhenX, Heal, and more )
• Context and metadata are implied - including mappings, provenance , e tc
• Limits data inte roperability at scale - this is what we want!



Mapping CDEs (And More) Is Necessary For Interoperability

Value 
level

Schema level

For example, no direct link from Sample-
to-Diagnosis in one model

Would need to “remodel” Sample-to-Case, 
and Diagnosis-to-Case to align with 
Sample-to-Diagnosis

Value Set alignment :
Each source  uses diffe rent values
For example, one node encodes race like this:

● not reported
● white
● american indian or alaska native
● black or african american

While another does it like this:
● not allowed to collect
● unknown
● white
● native  hawaiian or othe r pacific islande r
● american indian or alaska native
● asian
● othe r
● black or african american

Data model alignment : Each source  
mode ls things diffe rently



Example: Many CDEs for Blood Pressure



Making CDEs Computable Will Scale Up Data 
Interoperability

• Take advantage of knowledge mode ling languages, tools, and se rvices
• Capture de tail and nuance in data that you couldn’t be fore
• Leverage power of reasoners, transformers, and compliance checkers to 

automate data QA/QC, infe rence , search, ve rsioning, and format changes 
downstream

• If we make CDEs semantically interoperable we can make data 
interoperable at scale…



Our Proposal: LinkML
• Simple , flexible , agnostic - YAML
• Suite of supportive tooling to create , manage , export mode ls and data
• Allows for the capture of EVERYTHING needed in a CDE
• Not just about the CDE - supports the data to which you apply the CDE

Example
YAML

Validators

Data Converte rs

Code  Generation

Data entry tooling

Schema infe rence
https://linkml.io
https://github.com/linkml/linkml

https://github.com/linkml/linkml-tutorial
https://linkml.io/linkml/intro/tutorial.html

https://linkml.io
https://github.com/linkml/linkml
https://github.com/linkml/linkml-tutorial
https://linkml.io/linkml/intro/tutorial.html


LinkML Is A Converter Box



Adoption: Who Is Using LinkML?

https://linkml.io/linkml/examples.html

https://linkml.io/linkml/examples.html


Ontologies Provide Enumerated Values and Logical Structure



Build On Foundation: Make The Implicit, Explicit

• Humans know that blood pressure is systolic over 
diastolic - make computable - in the context of 
previous work

• Create computable data mode ls
• Create mappings
• Use an open, community driven approach (OBO 

Foundry good example )
• Make documentation easy



Proposed Workflow: Making CDEs Computable At Scale

• LinkML Schema Helper  to  genera te  YAML
• CurateGPT to generate mappings
• SSSOM to express mappings
• Will need human review
• Use these automated results to design a strategy for curation
• With these tools, this process is tractable in years, not decades
• Let’s look at some examples…

PhenX HPO HPO Label Similarity

px020101_phx_arm_span HP:0012771 Increased arm span 0.8588712

px020501_phenx_child_head_circumference HP:0040194 Increased head 
circumference

0.8714960



Example: Using LinkML Schema Helper



Example: CurateGPT
• Semantic similarity
• Mapping te rms to ontologie s
• Mapping CDEs

Left: PhenX Right: caDSR



Example: SSSOM Mapping Model 

A Simple Standard for Sharing Ontological Mappings  https://doi.org/10 .1093/database /baac035

https://doi.org/10.1093/database/baac035


Conclusions 

• CDEs are not computable and that reduces inte roperability
• We can update CDEs to make them more computable and inte roperable
• Recently deve loped mapping standards and LLM-based tools now make this 

work tractable in years instead of decades
• Pre liminary output can be used to deve lop a curation strategy
• The benefits in te rms of increased data inte roperability will be enormous
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