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Electronic Health Records (EHR)s

• Systematic collection of electronic records 
containing health information of patients

• Complex databases more and more available to 
researchers

• However, tools for extraction, data quality, 
manipulation of EHR databases are less available 
and often an issue

• Building a dataset ready for analysis is challenging 
and time consuming



UK Primary Care Databases

• Primary care database store data in complex 

relational and nested structures

• Broken down in numerous tables due to the 

volume of data

• Text files need to be imported into powerful 

analysis/database management software

• All events are entered in codes



Primary Care Database Structure (CPRD)

• Events files:

• Demographics: year of birth, sex

• Clinical events: symptoms, signs and diagnoses

• Referrals to secondary care

• Immunisations

• Therapy: data relating to all prescriptions issued by a GP

• Tests

• Look-up tables

• Medical codes

• Product codes



Clinical Practice Research Datalink
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Clinical Practice Research Datalink
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rEHR

• Tool which simplifies and accelerates the 
process of extracting ready-for-analysis 
datasets from EHRs databases

• To increase transparency and reproducibility 
of research

• Developed using primary care data from the 
UK (CPRD)

• Software R



rEHR

• It uses Structured Query Language  (SQL) and 
SQLite to store data

• SQLite files are stored efficiently and are relatively 
small compared to text files

• SQL language has been optimised for very rapid 
and efficient queries of SQLite files

• It uses packages which optimise data 
manipulation (dyplr)

• Multicore processing (e.g. Linux)



rEHR functions

• Loading package and importing files into a SQL 
database

• Querying the database

• Building longitudinal data and calculation of 
prevalence and incidence

• Building a cohort dataset ready for survival 
analysis, matching

• Accessory functions



Loading rEHR and Importing files



Loading rEHR

• rEHR is available from CRAN* and Github

• From CRAN

• Development version from Github

* currently archived on CRAN



rEHR: Importing files

• Create database connection

• Import multiple files into the database



rEHR: Importing files



rEHR: Importing files

• Create database connection

• Import multiple files into the database



rEHR: Importing files



rEHR: Importing files

• View the database

• View a table



rEHR: Importing clinical codes lists

• Import a list of Read codes



Querying the database



rEHR: Selecting events

• Identify all individuals with a specific diagnosis

• Alternatively, you can use SQL query



rEHR: Selecting first or last events

• Selecting first events



rEHR: Selecting first or last events

• Selecting last events



rEHR: Querying longitudinal data

• Extracting longitudinal data:

• eg calculate the incidence/prevalence of a 
disease over time

• select_by_year function:

• It can use parallel processing on multi-cores 
machine (e.g. Linux)



rEHR: Querying longitudinal data

• Selecting events by year



Incidence and prevalence data

• Incidence data

• Remove duplicates



Incidence and prevalence data

• Calculate prevalence and incidence data



Building a cohort



Building a cohort

• Use build_cohort

• Add a column for death

• Run survival analysis



Matching



Matching

• rEHR has three matching functions:

• Incidence Density Matching

• Exact matching

• Matching on index date



Incidence Density Matching

• Build a longitudinal cohort

• Use get_matches for IDM



Exact Matching

• Selecting a comparison cohort without 
replacement



Matching on index date

• You can use the consultation files

• Use match_on_index



Accessory functions



Accessory functions

• Time-varying covariates

• cut_tv

• Unit conversion (HbA1C) 

• cprd_uniform_hba1c_values()

• Exporting data to Stata format

• to_stata()

• Building clinical codes list



Building Clinical Codes List

• Based on a methodology previously described1

• Construct a clinical code list using 
MedicalDefinition()
• terms() : clinical search terms
• codes(): clinical codes
• tests(): test search terms
• drugs(): drug search terms
• drugcodes(): drug product codes 

• Run the search against look-up tables provided 
with EHRs using build_definition_lists()

1Olier I, Springate DA, Ashcroft DM, et al. (2016) Modelling Conditions and Health Care Processes.                               
in Electronic Health Records: An Application to Severe Mental Illness with the Clinical Practice Research Datalink. 
PLOS ONE 11(2): e0146715



Building Clinical Codes Lists



Clinicalcode.org

• Repository holding lists of clinical/drugs codes 
used in EHRs databases

• It aims to improve transparency and 
reproducibility of research by sharing 
codes/drugs lists used in published studies

• It currently contains 84,346 clinical codes 
deposited over 499 code lists



Clinicalcode.org



Summary

• Working with EHRs data requires 
computational and statistical expertise

• rEHR package greatly simplifies and 
accelerates the extraction and processing of 
coded data from EHR databases

• rEHR is many times faster than equivalent 
code:
• SQL

• Packages which can optimise data manipulation 
(dyplr)

• Multicore functionality



Limitations

• Currently tested only with CPRD data

• However application to other EHR databases is 
possible

• Not always flexible

• The user needs to follow the steps described in 
the package

• It heavily depends on other packages such as 
dyplr, therefore the package needs to be 
updated often



Future work

• Future version of rEHR:

• Implementation of “resample”2 algorithm for 
representative sampling of practices

• Algorithm for determining smoking status (as 
tvc)

• Interfaces to other EHR systems in particular 
THIN, QResearch and Research One

• Uniform units functions for other clinical 
measurements such as blood pressure, 
cholesterol and serum creatinine

2Kontopantelis (2013). A Greedy Algorithm for Representative Sampling: resample                       
in Stata. Journal of Statistical Software
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