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medical data

phenotyping

observational study 
patients and covariates 
(features)

"the process of defining the necessary 

and sufficient criteria that a patient’s 

record must satisfy to consider an 

exposure or outcome to have occurred 

for that patient“ (Callahan, 2021, doi: 

10.1093/jamia/ocab027)



“raw” data records

data warehouse

observational study
true clinical event

manual or

automated record

phenotyping

Extract-

Transform-

Load



eligibility criteria

phenotype
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eligibility criteria

phenotype

Phenotypes address data matters,

eligibility criteria do not.



hypothesis-first phenotyping = rule-based phenotyping

Starts from medical knowledge and data 

representation knowledge, models a cohort via how 

it could/should appear in the data.

data-first phenotyping

Starts from the data, and possibly some kind of gold 

standard, and uses algorithms to derive a model.

eligibility criteria

Starts from medical knowledge, models a cohort in 

clinical terms.

“has prostate 

cancer”

“this artificial 

neural network 

will tell you which 

patients are in”

“has any record 

of ICD-10 code 

C61”



“has any record 

of ICD-10 code 

C61 prostatectomy 

with chemical 

castration”

hypothesis-first phenotyping = rule-based phenotyping
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representation knowledge, models a cohort via how 

it could/should appear in the data.

data-first phenotyping

Starts from the data, and possibly some kind of gold 

standard, and uses algorithms to derive a model.

eligibility criteria

Starts from medical knowledge, models a cohort in 

clinical terms.

“has prostate 

cancer”

“this artificial 

neural network 

will tell you which 

patients are in”



Allegory of the Cave / Plato's Cave

phenotype
developer

data

reality



As the data model determines the algorithm, 

data representation determines the phenotype. 



“designed to accommodate […] 

variability across […] sites with 

respect to:

1) overall duration of patient 

enrollment in the health system,

2) frequency of health system 

encounters,

3) availability of information from 

which diagnoses may be 

inferred,

4) diagnostic coding practices, and

5) treatment modalities.”

eMerge depression phenotype
https://phekb.org/phenotype/depression

https://phekb.org/phenotype/depression


Granular longitudinal data
o depression diagnoses,

o antidepressant medications,

o patient-reported depression scale measures, and 

o psychotherapy

Specifications for these four types of data are provided in (...) data dictionaries

All data and logic needed to implement this phenotype algorithm can be derived from 
the granular longitudinal data described above.

eMerge depression phenotype
https://phekb.org/phenotype/depression

The “2/30/180” rule
requires evidence to be present on at least two (2) distinct calendar days that are at 

least thirty (30) days apart and not more than one hundred and eighty (180) days 

apart

is intended to avoid (…) administrative artifacts of a diagnostic process that resulted in 

the subject not being diagnosed with depression.

https://phekb.org/phenotype/depression


eMerge depression 
phenotype

https://phekb.org/phenotype/depression

Case type 1

𝐶𝑎1 = 𝐶 ∗ 𝐵

Case type 2

𝐶𝑎2 = 𝐷 ∗ ! 𝐶 ∗ 𝐵

Case type 3

𝐶𝑎3 = 𝐸 ∗ !𝐷 ∗ ! 𝐶 ∗ 𝐵

Control

𝐶𝑡 = ! 𝐼 ∗ ! 𝐺 ∗ 𝐻 ∗ ! 𝐹 ∗ ! 𝐵

...how long will it take 

run this phenotype on 

87 million patients, 

billions of records?

https://phekb.org/phenotype/depression


Kleene's three-valued logic (K3) 
truth tables:

eMerge depression 
phenotype

https://phekb.org/phenotype/depression

Case type 1

𝐶𝑎1 = 𝐶 ∗ 𝐵

Case type 2

𝐶𝑎2 = 𝐷 ∗ ! 𝐶 ∗ 𝐵

Case type 3

𝐶𝑎3 = 𝐸 ∗ !𝐷 ∗ ! 𝐶 ∗ 𝐵

Control

𝐶𝑡 = ! 𝐼 ∗ ! 𝐺 ∗ 𝐻 ∗ ! 𝐹 ∗ ! 𝐵

https://phekb.org/phenotype/depression


Steroid-induced glaucoma

Steroid responder

SR = A*B*!D*F  +  A*!B*C  +  A*B*D*E

Steroid non-responder

SNR = A*B*!D*!F  +  A*!B*!C  +  A*B*D*!E

Neither

N = !(SR) * !(SNR)

N = !(A*B*!D*F  +  A*!B*C  +  A*B*D*E) * !(A*B*!D*!F  +  A*!B*!C  +  

A*B*D*!E)



https://www.dcode.fr/

or
https://www.boolean-algebra.com/

or
https://www.symbolab.com/solver/boolean-

algebra-calculator

or…

Neither

N = !(SR) * !(SNR)

N = !(A*B*!D*F  +  A*!B*C  +  A*B*D*E) * !(A*B*!D*!F  +  A*!B*!C  +  A*B*D*!E)

N = !A

https://www.dcode.fr/
https://www.boolean-algebra.com/
https://www.symbolab.com/solver/boolean-algebra-calculator
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Steroid-induced glaucoma

Clinical event:

increase in intraocular pressure >= 6 mmHg 

after start of treatment

imagined patient 

time line

time

how the data 

actually looks like

time

IOP measurement

steroid treatment

Phenotype:

at least 1 post-treatment IOP >= 6 mmHg above 

the pre-treatment average

A B



phenotype:

patients with disseminated

intracascular coagulation

data warehouse

observational study

...platelet count?

...patient age?

...ISTH score?

phenotyping



phenotype:

patients with

ISTH score > 4

data warehouse

observational study

...platelet count?

...patient age?

...ISTH score?

phenotyping





Computational complexity can grow exponentially 

when data points are interdependent.



Complexity level seen 

in today’s rule-based 

phenotypes

Complexity level 

seen in today’s 

medical guidelines

NoSQL phenotyping:
ACE: the Advanced Cohort Engine for 
searching longitudinal patient records. 
Callahan et al, 2021. doi: 
10.1093/jamia/ocab027



University of Washington’ Leaf

GUI-based phenotyping tools

OHDSI’ Atlas



University of Washington’ Leaf

GUI-based phenotyping tools

OHDSI’ Atlas

Some limitations:

• Cannot compare values between 

two records, only dates.

• Layering of the logic can be 

limited (“can’t freely add 

parentheses”).

• Cannot do math, e.g. calculate 

ISTH; calculate BMI from height 

and weight, etc.



Conclusions

• A phenotype is an algorithm that abstracts patients and 
covariates from data records left over by medical events.

• The job of a phenotype is to look at patient data, and infer truths 
about the patient and the care delivered.

• Phenotypes address data issues, unlike eligibility criteria.



Conclusions

• Phenotyping requires you to know, or require, a particular data 
representation.

• Boolean algebra can help investigate a phenotype at conceptual 
level.



Conclusions

• Computational complexity can impart insidious bias on 
phenotypes and warrants further research.

• The greatest computational complexity in rule-based phenotyping 
is usually when many data points are interdependent and part of 
the “entry event.”

• Novel database technologies (“NoSQL”) can reduce 
computational complexity by orders of magnitude.



Conclusions

• Open-source tools can model the logic of most phenotypes, but 
still lack major features and cannot compete with the expressive 
power of a programming language.
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