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A primary goal of observational research is to generate reliable evidence from real-world data to inform 

decision making for patient care, where reliable evidence is repeatable, reproducible, replicable, generalizable, and 

robust[1, 2]. Generating characterization, patient-level prediction, or population-level effect estimation evidence 

requires a sequence of analytic processes and inputs, which have been standardized to enable consistent analyses 

across disparate data sources[3, 4]. Necessary inputs to these processes are the data of patients who share observed 

clinical states of health. In the context of observational database research and informatics parlance, an observed 

clinical state of health that persists for a defined duration of time is referred to as a phenotype[5]. 

The Observational Health Data Sciences and Informatics (OHDSI) phenotype library is intended to catalogue 

phenotypes that are of common interest to observational research. Given the variety and limitations of observational 

data, there may be multiple approaches or implementations for identifying members of a phenotype. In the analogy 

that the phenotype library is a collection of phenotype books, a chapter in a phenotype book is a cohort definition 

intended to identify patients of the phenotype. We propose that the best practices for an entry in the phenotype library 

is that each entry adhere to standards for 1) phenotype title section, 2) cohort definition, 3) characterization, and 4) 

evaluation. Following the analogy, a phenotype book will include a title and 1 or more chapters, and each chapter will 

contain a cohort definition with characterization and evaluation results for 1 or more databases. 

The phenotype title section consists of a simple label of the phenotype and a complete clinical/biological 

description of what the health state entails. The title section will also include the intended use(s) of the phenotype for 

generating evidence. It may represent an exposure of interest, a study outcome or endpoint, or otherwise serve as input 

in a characterization, prediction, or estimation study in a single database or across a disparate database network. In the 

library analogy, the title section is the title and preface to a single book comprised of 1 or more chapters. The phenotype 

title is database-agnostic. 

Each book must include 1 or more chapters, each chapter is an attempt to represent the phenotype in a 

database. A chapter must include a) a cohort definition, b) characterization results in 1 or more databases, and c) 

evaluation results from 1 or more databases. The cohort definition is a computationally transportable heuristic or 

probabilistic set of instructions that attempts to represent the phenotype given a common data structure and the 

phenotype’s intended use. In addition to computer-readable code, the cohort definition must include a human-readable 

technical specification. The cohort definition is also database-agnostic. 

Implementing the cohort definition against data source returns a cohort, defined as a set of 0 or more patients 

who satisfy 1 or more inclusion criteria for a duration of time. For each database in which a cohort is built, 

characterization results will be generated as a set of artifacts for assessing occurrence and face validity. Occurrence 

can be reported as a time series plot of the incidence proportion per 1000 persons of cohort entry by year, further 

stratified by age, gender, and age by gender. Characterization results to allow face validity assessment will be reported 

as a univariate summary table, easily interpreted by a human reader. Such a table will include counts and proportions 

(using the database population as the denominator) for demographics, comorbidities, and past and concomitant 

medications. 

Lastly, for each database in which a cohort is built, misclassification representing the difference between true 

phenotype membership and those identified by the cohort definition must be reported. The evaluation will include 

standard diagnostic counts (i.e. true-positives, false-positives, true-negatives, false-negatives) and performance 

metrics (e.g. sensitivity, specificity, positive predictive value). These operating characteristics can be computed by 

evaluation different methods and those used must be described. For example, chart adjudication details such as which 

and how many charts were sampled, and who reviewed them must be provided. Software for evaluating cohort 

definition operating characteristics at scale can also be used -available (https://github.com/OHDSI/PheValuator)-. 

Where these systems are employed, the input specifications for the noisy positive and negative labels for training the 

probabilistic gold standard must be reported. 

The following is an example entry into the phenotype library for a single phenotype (1 book) with a single 

cohort definition (1 chapter) with characterization and evaluation results for 1 database. Table 1 reports database- 

agnostic components for a phenotype entry for ischemic stroke. Figure 1 depicts a time series plot of the yearly 

incidence proportion per 1000 persons of phenotype cohort entry by gender and age in the IBM MarketScan 

Commercial Database (CCAE) database. Table 3 reports a subset of the summary features for the cohort definition, 

which includes demographic characteristics and comorbid conditions. Operating characteristics generated using 

PheValuator report sensitivity = 0.66, specificity = 0.99, and positive predictive value = 0.36. 

Adoption of a standardized framework for cataloguing phenotypes has the potential to further advance 
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observational science by increasing researcher awareness of the operating characteristics of the inputs to analytic 

methods employed to generate evidence. 
 

Table 1. Database-agnostic components of an entry in the phenotype library 

Component Sub-component Entry 

Phenotype title 
section 

Title Ischemic stroke 

Clinical/biological definition 
Patients with the sudden death of brain cells due to oxygen deprivation caused by 

reduced or blocked blood flow to the brain 

Research intent 
Prediction study outcome, estimation study outcome, indication for exposure cohort 

definition; for use across database network 

Cohort definition 

Computer-readable description LEGEND_ishemic_stroke.json 

Human-readable description 
1x ischemic stroke condition diagnosis record on or the day before an inpatient or ER 

visit  

 
Figure 1. Incidence proportion of ischemic stroke/1000 persons by year stratified by gender and age in the IBM MarketScan Commercial database. 
The yearly incidence proportion value was calculated as number of first ischemic stroke events in a given year divided by the number of patients 

with at least 1 days of enrollment in the same year with denominator right censored at time of event. 

 
 
Table 1. Example univariate summary measures for demographic characteristics and conditions prior to or on index date for ischemic stroke patients 

in the IBM MarketScan Commercial database. Conditions reported as MedDRA preferred terms. Database characterization results apply to 1 chapter 

of an entry in the phenotype library. 
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