
Materials and methods
Data sources
Eight data sources from six different EU countries were included: three primary 
care data sources  (PCDs) from Italy (PCD-I) Netherlands (PCD-N) and United 
Kingdom (PCD-UK) respectively, three record linkage data networks (RLDs) from
Italy (RLD-I), Netherlands (RLD-N) and Denmark (RLD-DK), one hospital data 
source (HD) from Spain and one biobank from Estonia (BD). PCDs, RLDs and BD 
are population-based data sources, while HD contains non-representative 
samples of the respective geographic catchment area. Average look-back time 
available in each data source at the beginning of the EMIF Project varied from 3 
to 15 years.

Identification of Type 2 diabetes
A list of standard algorithms (component algorithms) for the identification of T2DM 
from the selected data sources was created. Each component algorithm was 
based on records from one specific data domain among: diagnoses (DIAG), drug 

prescription (DRUG), utilization of a diagnostic test (TEST) or laboratory results
(LABVAL). For this purpose, two sources of knowledge were leveraged and 
integrated: a central expert-based clinical and operational definition of T2DM 
(top-down approach) and existing local expertise (bottom-up approach) 
provided by database experts. The Unified Medical Language System (UMLS) was 
used for semantic harmonization of coding systems: pertinent medical concepts 
were identified and projected to local terminologies (e.g. ICD9CM, ICD10, READ, 
ICPC for DIAG; ATC for DRUG; national coding systems for TEST and unit of 
measurement LABVAL). The resulting list of local codes and string was refined 
through an iterative process involving local experts’ feedback.
Different logical combinations of components were tested by local experts which  
chose the preferred strategy for their data source (recommended composite 

algorithm) and provided a comment as reusable knowledge. Considering 
subjects 16+, all the person-time available at the index date (1st Jan 2012 for 
PCDs, RLDs and HD, 1st Jan 2009 for BD) was used in the case-identification 

algorithms.
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Background
The European Medical Information Framework (EMIF) project is establishing an EU 
wide information communication technology  infrastructure (EMIF-Platform) to 
facilitate the execution of high quality multi-data base observational studies 
leveraging the combination of data sources with heterogeneous characteristics, 
such as different database structure, contents, reasons for recording, language, 
coding terminologies and healthcare system organization. For this purpose, a 
template data derivation process was specifically developed and the 
identification of Type 2 diabetes mellitus (T2DM) was used as a test case.

Objectives
1) To establish a set of standard algorithms useful to identify patients with type 2 
diabetes (T2DM) across heterogeneous data sources, 2) to describe the data 
source-tailored combinations of standard algorithms recommended by local 
experts, and 3) to assess the impact of each standard algorithm on the 
characteristics of identified cases, across different data sources.

Conclusions
Our standardization approach allowed to benchmark the results 

obtained form each extracted component algorithms across 
heterogeneous and otherwise non-comparable data sources. It also 
provided insight into the total population of patients identified as 

cases in each specific data source using the relevant composite 
strategy recommended by local experts. For instance, our results
showed that in PCDs, BD and HD cases of T2DM were mainly 
identified through diagnoses: however, while in PCDs and BD cases 
are probably representative of patients with T2DM in the 
corresponding source population, cases identified in HD are 
expected to be more severe (i.e hospitalized). In RLDs DRUG-based 
components contributed most to the total case population. Indeed, 
such components do miss T2DM cases who are not treated with 
drugs and they may possibly misclassify T2DM with other diseases for 
which the same drugs can be used. Based on these considerations,
investigators and local experts could consider to change their 

preferred identification strategy according to the type of study 
question or sensitivity analysis: if specificity is important, they may 
switch to DIAG-based identification strategies, at the expenses of 
sensitivity; if sensitivity is important, they may add other inclusion 
criteria, like LABVAL or TEST; if homogeneity across different data 
sources is important, they may agree to adopt a DRUG-based 
strategy. Notably, this data derivation process records a priori

knowledge from each participating data source thus, whenever a 
study involving T2DM is designed, sensitivity analysis can be planned 
to discuss possible heterogeneity of study results. Ultimately, this data 
derivation process can be applied to any other event of interest.

Table 1. List of standard component algorithms for the identification of type 2 diabetes cases  from the selected data sources.

Results
The EMIF-Platform provided aggregated health data on around 12 million 
European citizens. The component algorithms used for T2DM identification from 
the selected data sources are reported in Table 1. An example of the terminology 
mapping outcome is shown in Table 2. All recommended composite algorithms 
used at least one DIAG-based component as inclusion criteria, except for RLD-N 
that adopted a strategy based on DRUG only (Figure 1). DIAG-based inclusion 
criteria contributed for 93-100% of the total case population in PCD (Table 2), 100% 
in both BD and HD and 15-73% in RLD (Table 3). In RLDs, DRUG-based components 
identified from 81% to 100% of the respective total case population, and from 58% 
to 83% in PCDs. The population of cases identified through hypoglycaemic drug 
use (T2DM_ORAL) was the most homogeneous population across the 6
population-based data sources (PCDs and RLDs) (Figure 2).

Figure 1. Recommended  composite algorithms: percentage of 
the total data base population identified per age band

Figure 2. Percentage of data base population identified by 

individual component algorithms per age band: four 
examples

T2DM_DIAG_PC T2DM_DIAG_INP

T2DM_ORAL T2DM_LABVAL_TWO

Table 3. Impact of each component algorithms on the 

population of cases retrieved through recommended  

composite algorithms
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Table 2. Example of terminology mapping output: diagnosis codes and free text corresponding to the concept “type 2 diabetes”


