
 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

 
TRANSLATIONAL RESEARCH AND PATIENT SAFETY IN EUROPE 

 

D1.2 
 

Final validation of the feasibility of 
TRANSFoRm to deliver the 
genotype-phenotype study  

 

Work Package Number:  WP1 
Work Package Title:  Research use cases 
 
Nature of Deliverable:  Report  
Dissemination Level:  Public  
Version:    1 
Delivery Date From Annex 1: M63 
Principal Authors: Hilde Bastiaens (UA), Peter Leysen (UA), Karin Hek 

(NIVEL PCDb), Wolfgang Kuchinke (UDUS) 
Contributing Authors: Samuel Coenen (UA), Philip Holmgren (UA), Paul 

Van Royen (UA), Robert Verheij (NIVEL PCDb) 
Partner Institutions:  UA, NIVEL PCDb, UDUS 
Internal reviewers:  Anna Andreasson (KI), Noel Carroll (UoL) 
 

 

 
 

 

 

This project has received funding from the European Union’s Seventh 
Framework Programme for research, technological development and 
demonstration under grant agreement no 247787 [TRANSFoRm].  

 
 

1 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

Version History 

Version Date Author (partner) Changes/reason 
0.1 23032015 Peter Leysen Document structure, introduction 
0.2 02052015 Hilde Bastiaens Input user testing information, DNC 

modelling info, restructuring of sections, 
added info on accuracy, added bullets 
with info to complete in other chapters 

 04052015 Peter Leysen Input introduction 
0.3 14062015 Hilde Bastiaens Input overall methodology overview, 

accuracy testing  protocol and 
preliminary process results, linkage 
process and testing protocol, extra 
discussion points 

0.4 22062015 Peter Leysen 
Hilde Bastiaens 

Remarks of Paul Van Royen and 
Samuel Coenen are included. 
Methods and results of the QWB 
testing are adapted based on feedback 
from Christopher Golby.  

0.5 290615 Hilde Bastiaens Version for first internal feedback round 
0.6 120815 Peter Leysen 

Hilde Bastiaens 
Version for second internal feedback 
round 
This version includes feedback from 
Christopher Golby and Theo Arvanitis 
(UW), from Karin Hek  (NIVEL PCDb), 
from Mark McGilchrist (UNIVDUN) and 
from the University of Antwerp team 
members.  
It also includes an updated discussion.  

0.7 210815 Peter Leysen 
Hilde Bastiaens 

Version including feedback from 
internal reviewers Anna Andreasson 
and Noel Carrol and the official 
feedback on the draft from NIVEL. 

0.8 300815 Peter Leysen 
Hilde Bastiaens 

Version including contributions and 
feedback from Mark McGilchrist 
(UNIVDUN), Paul Van Royen (UA), 
Wolfgang Kuchinke (UDUS) on the 
zone model and additional feedback 
from Anna Andreasson. 

0.9 091115 Hilde Bastiaens Version including feedback from 
Brendan Delaney and integration of 
paragraphs from Mark McGilchrist 

1.0 231115 Hilde Bastiaens 
Vasa Curcin 
Mark McGilchrist 

Version adapted after discussion in 
London on 18 November 2015 

 
 
  

2 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

Table of Content 

 

LIST OF FIGURES 

LIST OF TABLES 

ABBREVIATIONS 

GLOSSARY 

EXECUTIVE SUMMARY 

OVERVIEW 

1 INTRODUCTION ............................................................................................................15 

1.1 AIMS AND OBJECTIVES OF WT 1.4 ................................................................................15 

1.2 TRANSFORM ARCHITECTURE IN CONTEXT OF THE T2D USE CASE .................................15 

1.3 DATA SOURCES ...........................................................................................................17 

1.3.1 INCLUDED DATA SOURCES ............................................................................................18 

1.3.2 EXCLUDED DATA SOURCES ..........................................................................................19 

2 DESIGN AND METHODOLOGICAL CONCEPTS ..........................................................21 

2.1 USER WORKFLOW DESIGN ............................................................................................21 

2.1.1 INITIAL WORKFLOW DEVELOPED BY THE CLINICAL RESEARCHERS ....................................21 

2.1.2 EVOLUTION OF THE DESIGN OF THE WORKFLOW AND FUNCTIONALITIES ...........................22 

2.1.3 DESCRIPTION OF THE T2D WORKFLOW IN THE TRANSFORM ZONE MODEL .....................26 

2.2 PREREQUISITES FOR THE VALIDATION AND EVALUATION STUDIES ...................................28 

2.3 ACTUAL VALIDATION AND EVALUATION STUDIES ............................................................30 

2.3.1 VALIDATION STUDIES ...................................................................................................30 

2.3.2 EVALUATION ...............................................................................................................33 

2.4 GOVERNANCE ..............................................................................................................34 

3 IMPLEMENTATION  OF THE T2D STUDY: EXPERIENCES OF THE DATA SOURCES
 36 

3.1 UZA GENETIC DATABASE (BELGIUM) ............................................................................37 

3.1.1 EXPERIENCES OF THE DATABASE MANAGER ..................................................................37 
3 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

3.2 INTEGO PRIMARY CARE DATA SOURCE (BELGIUM) .........................................................38 

3.2.1 INFORMATION ON THE DATA SOURCE ............................................................................38 

3.2.2 INFORMATION ON DSM AND MAPPINGS .........................................................................39 

3.2.3 INSTALLATION OF TRANSFORM COMPONENTS .............................................................40 

3.2.4 RESULTS AND EXPERIENCES OF THE DATABASE CONTROLLER ........................................40 

3.3 GO-DARTS JOINED PRIMARY CARE AND GENETIC DATA SOURCE ...................................41 

3.3.1 INFORMATION ON THE DATA SOURCE ............................................................................41 

3.3.2 INFORMATION ON DSM AND MAPPINGS .........................................................................41 

3.3.3 INSTALLATION OF TRANSFORM COMPONENTS .............................................................42 

3.3.4 RESULTS AND EXPERIENCES OF THE DATABASE CONTROLLER ........................................42 

3.4 CPRD/DATALINE PRIMARY CARE DATA SOURCE (UK) .................................................43 

3.4.1 INFORMATION ON THE DATA SOURCE ............................................................................43 

3.4.2 INFORMATION ON DSM AND MAPPINGS .........................................................................43 

3.4.3 INSTALLATION OF TRANSFORM COMPONENTS .............................................................44 

4 IMPLEMENTATION OF THE T2D STUDY: EXPERIENCES OF CLINICAL 
RESEARCHERS AND ACCURACY OF SELECTING ELIGIBLE PATIENTS .....................47 

4.1 USABILITY, USER EXPERIENCE AND UTILITY ...................................................................47 

4.1.1 AIM .............................................................................................................................47 

4.1.2 METHOD .....................................................................................................................47 

4.1.3 RESULTS ....................................................................................................................51 

4.2 ACCURACY OF TRANSFORM ASSISTED QUERIES TO IDENTIFY ELIGIBLE PATIENTS FOR THE 

T2D USE CASE .......................................................................................................................57 

4.2.1 AIM .............................................................................................................................57 

4.2.2 METHOD .....................................................................................................................57 

4.2.3 RESULTS ....................................................................................................................60 

5 USING TRUSTED THIRD PARTIES FOR LINKING  GENOTYPE-PHENOTYPE DATA 
AT THE LEVEL OF INDIVIDUAL PATIENTS ......................................................................64 

5.1 INTRODUCTION .............................................................................................................64 

5.2 DESCRIPTION OF TRANSFORM PSEUDONYMISED LINKAGE ...........................................64 

5.2.1 REQUIREMENTS ..........................................................................................................65 

5.2.2 DATAFLOW AND THE GENERAL LINKAGE PROCESS .........................................................65 

5.3 TESTING THE LINKAGE METHOD AND SUPPORTING WORKFLOW .......................................67 

5.3.1 TEST 1: TESTING WITH 10 FICTIVE PATIENTS .................................................................68 

5.3.2 TEST 2: TESTING WITH ALL DATA ON THE TWO DATA SOURCES ........................................70 
4 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

6 DISCUSSION ..................................................................................................................71 

6.1 INVOLVEMENT OF DATA PROVIDERS ...............................................................................71 

6.2 ORCHESTRATION OF THE USE CASE ..............................................................................72 

6.3 DATA LINKAGE .............................................................................................................72 

6.4 DATA TRANSLATION AT SOURCE ...................................................................................73 

6.5 TRAINING REQUIREMENTS .............................................................................................73 

6.6 COMPARISON TO RELATED EFFORTS IN EHR4CR ..........................................................74 

6.7 CHALLENGES REMAINING .............................................................................................77 

7 SUMMARY AND CONCLUSIONS ..................................................................................79 

8 REFERENCES ...............................................................................................................80 

9 APPENDIX .....................................................................................................................82 

 
  

5 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

List of Figures 

Fig. 1 Transform architecture in the context of the T2D use case 

Fig. 2 Workflow followed by the user in the T2D use case 

Fig. 3 Type 2 diabetes use case workflow presented in the TRANSFoRm zone model  

Fig. 4 Iterative user centred design and development process 

Fig. 5 Linkage process overview 

 

  

6 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

List of Tables 

Table 1 Data sources prepared to participate in the evaluation studies of the 

T2D use case 

Table 2 Data sources that did not participate 

Table 3 Illustration of barriers for participation of data sources in the T2D use 

case 

Table 4 Evolution of the design of the workflow and functionalities 

Table 5 Overview of software evaluation prerequisites at 31 October 2015 

Table 6 Overview of steps and data collection methods in the validation study 

Table 7 Overview of steps and data collection methods in the evaluation study 

Table 8 Equivalent constructs within the CPRD and TRANSFoRm query model  

Table 9 Overview of user background and testing information in the validation 

study 

Table 10 Overview of steps performed per user during the validation study 

Table 11 Accuracy measures of QWB supported query compared to manual 

query 

Table 12 Fictitious personal information of 10 test patients in the linkage pilot 

study 

 

  

7 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

Abbreviations 

ATC  The Anatomical Therapeutic Chemical (ATC) classification 

system 

BSN  National person identification number in the Netherlands 

(Burgerservicenummer) 

CDIM   Clinical Data Integration Model 

DNC   Data Node Connector 

EC   Eligibility Criteria 

EHR   Electronic Health Record 

GDb   Genetic Database 

GP   General Practitioner 

HIC   Health Information Centre (Dundee) 

ICPC   International Classification of Primary Care 

IFCC  The International Federation of Clinical Chemistry and 

Laboratory Medicine 

LOINC  Logical Observation Identifiers Names and Codes 

NIVEL PCD  NIVEL Primary Care database 

OAD   Oral Antidiabetics 

PCDb   Primary Care Database 

QWB   Query Workbench 

RCT   Randomised Controlled Trial 

RDBMS  Relational Database Management System 

SNOMED CT Systematized Nomenclature of Medicine - Clinical Terms 

SNP    Single Nucleotide Polymorphisms 

Parelsnoer  Parelsnoer database 

SU   Sulphonylurea 

T2D   Type 2 Diabetes 

TRANSFoRm  Translational Medicine and Patient Safety in Europe 

TTP   Trusted Third Party 

UMLS   Unified Medical Language System 

  

8 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

Glossary 

Archetype 

template 

An unconstrained archetype 

Cross-database 

queries 

Queries in which requested data and constraints apply to more 

than one database (i.e. not within the same RDBMS). 

Database A physical database holding data (usually within an RDBMS) 

Data repository One or more physical databases held within the same Institution 

Data source An institution, its personnel, management, and databases 

Indexer A linker that provides pseudonyms based on matching 

demographic and other data to a reference dataset 

Integration Process of bringing data from a single database or different 

databases physically together in one database in a coherent 

manner. 

Linkage Process of making it possible to bring data originating from 

different databases together at the level of individual patients.  

Linker An independent entity that manages patient identifiers, 

providing pseudonyms of various kinds on request 

Safe Haven A trusted third party that holds pseudonymised, integrated 

datasets for analysis; controls access; and protects the data 

from loss. 

TTP A responsible entity that can be trusted to perform a specific set 

of operations on subject identifiers and/or their data 
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Executive Summary 

This deliverable reports on the work performed in WT 1.4 on the evaluation of the 

TRANSFoRm system in the Type 2 Diabetes (T2D) use case. 

Objective 

The overall purpose of the T2D clinical use case was to drive the development of 
ICT tools aimed at supporting large scale genotype-phenotype epidemiological 

studies across Europe. The T2D pilot study aimed to investigate the following 

research question: “Are well selected single nucleotide polymorphisms (SNPs) in 

type 2 diabetes associated with variations in drug response to oral diabetes drugs 

(Sulfonylureas)?” ICT tools were developed to support this process. The main tool is 

the TRANSFoRm Query Workbench (QWB), a web-based user interface to query 

patient data across data sources and countries. So in the T2D evaluation studies, we 

focused on the following research question:  “Can the completed TRANSFoRm 

system adequately support the activities required for the T2D use case?” This 

means: testing in different European countries that the TRANSFoRm system is able 

to support querying available databases, selecting appropriate study subjects, 

extracting the study data and making data, linked at the level of individual patients, 

available to the clinical researchers in a safe environment.  

Overall approach 

First, we focused on usability (including user experience and human factors), utility 

and accuracy of identifying eligible patients using qualitative research methods 

(interviews, observations and a thinking-aloud procedure). A diagnostic accuracy 

testing approach was used to compare the results of a manual query versus a 

TRANSFoRm supported query built with the QWB to select eligible patients at one 

site. Next, the feasibility of including additional data sources to be queried was looked 

at and the perceptions and experiences of database staff were explored. Finally, a 

linkage approach for genotype-phenotype data from 2 different data sources was 

developed and tested.  
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Summary results  
The validation and evaluation studies were done at 4 locations (Netherlands, 

Belgium, England, Scotland) using 6 data sources. Three primary care phenotype 

data sources (NIVEL Primary Care Database Netherlands, Intego Belgium, 

CPRD/Dataline England), 2 genotype data sources (Parelsnoer Netherlands, UZA 

Genetic database Belgium) and one joined genotype-phenotype data source (Go-

DARTS Scotland) participated.  A local Trusted Third Party (ZorgTTP Netherlands) 

and a Safe Haven (Custodix Belgium) were also involved.   

The evaluation studies demonstrated that an authorized clinical researcher, using the 

TRANSFoRm software, is able to complete the process from querying a database, to 

submit a data extraction request, and to view the study data in a safe haven.  

Accuracy measurement of queries, built and ran via the QWB, showed good and 

stable specificity (99%) and rather good sensitivity (89%), except when more than 3 

eligibility criteria were included. This means T2D patients can be identified in a 

reliable way but we are not selecting all T2D patients available.   

Usability and user experience issues raised, were attended to between the different 

tests and resulted in a usable interface. Most difficulties for researchers were related 

to selecting the right codes and terms while building the query and in using Boolean 

logic to translate a human language request into a query.   Testers also expressed 

the wish to know more about the context of the data retrieved from the repositories.  

In line with the requirement of the governance structures of the data sources, the 

developed process guaranteed each data source full control of its own data. No data 

was transmitted without their explicit approval (of queries going in and data going 

out). The TRANSFoRm system was used in a flexible way according to data sources’ 

policies and preferences. Installation of the software (including semantic modeling) at 

the local databases was possible but was experienced as a laborious process mainly 

because too many components needed to be installed in too many steps and 

because of time consuming semantic modeling for some data sources.  

A proof of concept of linking primary care and genetic data from different data 

sources at the level of individual patients using the TRANSFoRm platform, was 

demonstrated. In collaboration with thrusted third parties we worked out a procedure 

which resulted in the linkage of both dummy and real patients.  
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Conclusions and recommendations  
1. Primary care and genetic data sources have shown willingness to participate in 

ICT supported large scale Phenotype-Genotype epidemiological studies but they 

need to be involved as active partners in the process. TRANSFoRm identified 

three different modes of involvement for data sources:   

• Data sources need to be actively involved to achieve a stable integration 

within the TRANSFoRm data connectivity framework. A data Source Model 

(DSM) needs to be developed for each database, together with CDIM-DSM 

mappings in order to map the QWB queries semantically to the local database. 

Furthermore, the Data Node Connector console for the local data controllers 

needs to align with the existing data source tooling and operational practices. 

To this goal, some effort by experienced IT personnel is needed to provide 

local expertise and manage the deployment of TRANSFoRm tools. 

• Data sources need to provide sufficient and regularly updated contextual 

information so users can have a detailed insight in the the data. An iterative  

interaction with the researchers can gradually improve their understanding of 

the characteristics of the data and can improve the available contextual 

information leading to a better understanding of data semantics and quality. 

Another important task is to enable the TRANSFoRm platform to compensate 

for variations in the use of database fields by data sources, to avoid resorting 

to Extract-Transform-Load processes and constructing temporary databases.   

• Business and operational considerations. TRANSFoRm technology represents 

a potentially disruptive change to existing business practices of medical data 

providers. While these can lead to significant benefits, it is imperative that the 

existing workflows are well understood and recognized before implementing 

changes. Ethical approvals and data protection are ultimately the responsibility 

of the data sources, and they have to be actively involved in the decisions on 

and processes relating to release of data to users.  

2. The workflow works: the TRANSFoRm software supports the process of clinical 

researchers from selecting patients to extracted data in the safe haven. T2D 

patient selection is fairly accurate with a good specificity and negative agreement. 

Data moves directly from database to Custodix orchestrated by TRANSFoRm 

12 
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middleware, and sources actively decide to release the data. This is a process 

promoting local governance which is required by most data sources. 

3. Genotype-phenotype data from 2 different databases can be linked at the level 
of individual patients using the TRANSFoRm technology and external Trusted 

Third Parties.  At this moment,  cross database querying was only possible at pre-

linked and pre-integrated data sources (as GoDARTS). A next step would be to 

support this for data sources that are not pre-linked since this would this would 

limit the amount of raw data that has to leave the data sources.  We recommend 

the use of local TTPs in collaboration with the TRANSFoRm platform since 

regulations differ within countries and at this point in time, most data sources are 

already working with a specific TTP. 

4. We understood the usability factors of the QWB interface (front end) and 

ended up with a usable prototype (technical readiness level  7). A number of 

recommendations for the future could be made at two levels. First, users need to 

be familiar with coding systems and standards and need to be trained and built 

experience with using the QWB interface. Second, the code of the system (QWB, 

vocabulary service, DNC) should be rewritten, including the decrease of the 

number of components to be installed at the database side.  

5. Finally, clinical research users and data source controllers see potential in the 

TRANSFoRm to support large scale epidemiological studies: a Europe-wide, 

cheaper, quicker search for data from desk of the researcher). The main concerns 

to address in future work are the context in which data are generated (contextual 

provenance) which is a challenge for, and limitation of, the use GP data.  
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Overview 

This deliverable describes the evaluation of the performance of T2D TRANSFoRm 

tools in 7 chapters. 

1. Introduction starts with an overview of the aims and objectives of WT 1.4 (in 

section 1.1). Next a short description of the relation with other work packages and a 

description of the TRANSFoRm architecture in the context of the T2D use case are 

given (1.2). In the third part, the process of data source recruitment is addressed 

(1.3) describing the barriers and giving a synopsis of the included data sources.  

2. Design and methodological concepts starts by giving an overview of the user 

workflow design and its evolution throughout the project (2.1). Next, the prerequisites 

for the study are described and the impact of the absence of some of them on the 

validation and evaluation studies is elaborated on (2.2). The initial and final 

functionalities and workflows are elaborated. Subsequently it describes the design 

and overall methodological concepts of the validation and evaluation studies (2.3), 

followed by information on governance and privacy issues (2.4).  

3. Implementation of the T2D study: experiences of the data sources goes into 

the implementation of the TRANSFoRm tools focusing on the experiences of the 

different data sources involved.  

4. Implementation of the T2D study: experiences of clinical researchers and 
accuracy of selecting eligible patients details the aims, methods and results of the 

studies looking at the usability, user experience and utility testing by real users (4.1) 

and the accuracy determination of TRANSFoRm supported queries to select eligible 

primary care patients (4.2).  

5. Using TTPs for linking genotype-phenotype data at the level of individual 
patients investigates linking of phenotype and genotype data in collaboration with 

external linkers is.   

Chapter 6 summarizes and reflects on the evaluation study findings. Finally, an 

overall conclusion is provided in chapter 7. 

14 
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1 INTRODUCTION 

1.1 AIMS AND OBJECTIVES OF WT 1.4 

TRANSFoRm aims to develop the technology that facilitates a learning health system. Three 

clinical ‘use cases’ covering decision support, RCTs and epidemiological research in primary 

care, were chosen to drive, evaluate and validate this technology. The T2D genotype-

phenotype study focuses on the usage of the TRANSFoRm system for large scale 

epidemiological studies within European primary care. The pilot study was designed as a 

case-control study investigating the following research question: “Are well selected single 

nucleotide polymorphisms (SNPs) in type 2 diabetes associated with variations in drug 

response to oral diabetes drugs (Sulfonylureas)?” The intention was to perform the study in 

five EU countries each having a primary care database repository and a repository of genetic 

data, containing an overlapping group of type 2 diabetes patients. This pilot study aimed to 

include a total of 500 patients, 100 per study site. 

The overall objectives of the T2D evaluation study were to:  

 evaluate whether the TRANSFoRm system allows for large scale pharmacogenetic 

studies by confirming that the completed TRANSFoRm system adequately supports 

the activities required to perform the T2D use case, i.e. testing that the TRANSFoRm 

system is able to support querying available databases, selecting appropriate study 

subjects, extracting the study data and integrating data linked at the level of individual 

patients available to the clinical researchers, and in a manner compliant with the legal 

frameworks and respecting the rules of the original data controllers. 
 compare the TRANSFoRm system with existing practices for the conduct of large 

scale pharmacogenetic studies with the aim to demonstrate its feasibility for case 

finding and data extraction. 

 

1.2 TRANSFORM ARCHITECTURE IN CONTEXT OF THE T2D USE CASE  

TRANSFoRm software tools involved in the tests with the T2D use case are produced by 

multiple partners. Therefore a number of work tasks were involved before testing could start. 

An overview of the overall TRANSFoRm system and tools used in the T2D use case, is 
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provided here. More details are available in the relevant technical project’s deliverables 

(D5.3, D7.2). The whole software integration plan is described in deliverable 3.5 (WT3.5).  

The TRANSFoRm system for the Diabetes use case comprises tools and frameworks for 

secure, provenance-enabled design and execution of epidemiological studies, from query 

design to phenotypic and genotypic data retrieval from heterogeneous data sources (Figure 

1). Eligibility queries are formulated by the researcher in the Query Workbench web tool 

using model-based constructs. QWB users enter clinical terms into the system which then 

presents the user with a list of corresponding concepts from standard terminologies and 

classifications. The Researchers are able to use a Data quality tool, storing metadata about 

available practices and data that reside in them, to restrict the search to practices with a high 

registration percentage of the variables targeted in the study. The queries are dispatched to 

the data sources via the middleware to the local Data Node Connector. This is a 

TRANSFoRm component that sits at the data source and translates the generic CDIM-based 

query into a local representation using the Semantic Mediator component, and subsequently 

presents that locally interpretable query either to the data source directly, or to a human 

agent for final approval, before returning the result. Three types of queries are supported: 

patient counts, flagging patients and data extraction. Results of count and flag queries are 

sent back to the query workbench via the middleware and can be viewed by the researcher 

in the QWB web tool. The encrypted patient data extraction result is passed to a safe haven, 

accessible only to the authorised researcher, using the appropriate secure data transport 

mechanism. The safe haven safely stores the obtained study data and controls safe access 

and processing of these data.  
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Figure 1: Transform architecture in the context of the T2D use case 

 

1.3 DATA SOURCES 

In order to address the research question of the T2D use case, we needed to select data 

sources holding primary care data and/or genetic data in Europe. So, at the start of the 

project in 2010 and in close collaboration with the European General Practice Research 

Network (EGPRN) an overview of available European primary data sources was made (WT 

1.2). In 30 countries, 64 data sources were identified by EGPRN representatives and were 

contacted to gather basic information about their content, aim and structure. Subsequently, 

the capacity and readiness to get involved in the TRANSFoRm project was assessed (1,2). 

Based on this list, WT 6.2 looked into European locations capable of running linked primary 

care and genetic or disease registry research. This process identified only one fully functional 

location (i.e, containing linked primary care and genetic data) able to run the diabetes use 

case: UK-Scotland. At a second location, Spain, the Information System for the Development 
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of Research in Primary Care (SIDIAP), a primary care database, was found suitable but it 

was not clear whether genetic data could be linked.  

It was laid out in the Description of work that 5 countries would be involved in the piloting of 

the T2D use case, so other candidates were actively looked for and finally found via the 

TRANSFoRm partners. While exploring the collaboration with those data sources in more 

detail, it became clear that some of them could eventually not be involved because of diverse 

reasons which are elaborated on in the next two paragraphs. 

1.3.1 Included data sources 

 The final group of data sources included in the T2D use case can be found in Table 1. 

Finally, three primary care data sources and one joined primary care/genetic data source 

were involved in four locations. The NIVEL Primary care database and the UZA 1000 

genome database were involved in the validation. The NIVEL Primary care database, the 

genetic Parelsnoer initiative (Biobank on T2D patients), the Intego primary care database, 

the CPRD primary care database and the integrated genetic-primary care HIC and Go-

DARTS databases were involved in the evaluation.  

A detailed overview of the involvement of the databases is given in chapter 2 (tables 6 and 

7). More information on the databases themselves is available in Chapters 3&5 and in the 

appendices. 

 

 

 

 

 

 

 

Table 1 Data sources prepared to participate in the evaluation studies of the type 2 diabetes use case 

 

 Name Countr
y 

Primary care Genetic URL 

1 Nivel Primary Care 
Database 

The Netherlands x  http://www.nivel.nl/en 

Biobank : Parelsnoer 
Instituut (PSI) 

 x www.parelsnoer.org (Dutch) 

en.parelsnoer.org (English) 
2 Intego Belgium x  https://intego.be/en 

UZA genetic test 
database 

 x Not available 

3 Health Informatics 
Centre (HIC) 

Scotland x   http://medicine.dundee.ac.uk/hic 

GoDARTS  x http://diabetesgenetics.dundee.ac.uk 
4 CPRD England  x  http://www.cprd.com/ 
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1.3.2 Excluded data sources 

It was more difficult than anticipated to overcome barriers to recruit data sources. Table 2 

lists the data sources that were explored but in the end did not participate, and in Table 3 an 

overview of barriers encountered is given. 

TRANSFoRm set out to perform a (semi-)automated capture of sensitive medical data. This 

requires trust and collaboration between all partners. But even in situations where this is 

present, a research data source of high clinical value, can drop out for technical reasons as 

happened with the Antwerp OBBO database. This research database contains a lot of 

information about patients with obesity and diabetes, comprising more than 2 decades of 

activity, and contributed as a data source for publications in top medical journals (3, 4). As it 

includes genetic data it seemed an excellent opportunity to look for collaboration in the 

TRANSFoRm project. However, after in depth analysis of the content and structure of this 

clinically rich database, we had to acknowledge that we were not able to overcome technical 

barriers. The data is not stored in an accessible and queryable database structure, being 

stored in SPSS format. In addition, the specific genetic data (single nucleotide 

polymorphisms) we were looking for were not present in the database at the hospital.  Extra 

linkage with their original tissue data source, located at the university and not in the care 

environment of the hospital, and genotyping for the specific SNPs would have been needed. 

This was out of the scope of our use case. As a consequence, the TRANSFoRm consortium 

agreed to create a new virtual genetic database in Antwerp, replacing the real OBBO 

database. The structure of a real genetic research database of the University of Antwerp 

(department of medical genetics1) was used to develop this database and data from the 1000 

genomes project2 was uploaded into that structure. Since this virtual genetic data did not link 

with real primary care data, the purpose of including this database was revised and re-

scoped to serve as the genetic database in the validation study. 

SIDIAP, a Catalan primary care research database, covering 80% of the Catalan population, 

thoroughly explored participation in the evaluation studies. Due to local legal and ethical 

issues it was not possible to link their data with genetic data. In Spanish Law, a patient who 

1 http://www.genetica-antwerpen.be (last consulted at 23 February 2015) 

2 http://www.1000genomes.org  (last consulted at 23 February 2015) 
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gives a sample to a bio-bank consents only for a specific project. Any further utilization of 

these data requires a new informed consent from each patient. So after careful consideration 

with their Director and management and after discussing legal issues with their Law 

Department, they declined to participate. They also decided not to participate using only their 

SIDIAP primary care data, mainly because of time constraints and the priorities of their 

Research Institute at the given time. The possibility of involving the database of the 

University of Crete in the T2D use case was undertaken but participation appeared not 

feasible because of structural constraints.  There was no single target database, but a 

collection of individual EHR databases with different data structures at each site. Finally, we 

hoped that CPRD data would be linked to UK Biobank by the time of the project, but UK 

health service reorganization (a consolidation of authorization responsibility under the new 

Health and Social Care Information Centre) delayed this, so CPRD data was used alone. 

 
Table 2: Data sources that did not participate  

▪OBBO database was not included since it did not contain the required genetic data and was replaced 
by a dummy genetic database based on the 1000 genomes project. 
° UK Biobank could not be linked to CPRD data.  
* SIDIAP eventually decided not to participate because of privacy and organisational constraints. The 
University of Crete was involved, but finally did not participate in the evaluation because of the 
absence of a common data structure. 
 

Type of barrier Illustration Example 

Legal  Linkage between primary 
care and genetic data not 
allowed  

SIDIAP database, Catalonia, 
Spain 

Technical Absence of an accessible 
and queryable data structure 

OBBO database, Antwerp, 
Belgium 

 absence of a common data 
structure 

Data from the university of 
Crete 

With respect to content Absence of the specific 
genetic data needed for the 

OBBO database, Antwerp, 
Belgium 

 Name Country Primary 
care 

Geneti
c 

URL 

1 UZA OBBO▪database Belgium  x Not available 
2 UK Biobank° UK  x http://www.ukbiobank.ac.uk/ 
3 SIDIAP* Spain x  http://www.sidiap.org/index.php?lang=en 
4 University of Crete* Greece x  http://www.med.uoc.gr/index_en.php 

Crete  N/A http://www.med.uoc.gr/index_en.php 
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Type of barrier Illustration Example 

clinical pilot study 

 Absence of shared patients OBBO database, Antwerp, 
Belgium 

INTEGO database, Leuven, 
Belgium 

Table 3 Illustration of barriers for participation of data sources in the genotype-phenotype diabetes use case 

 

2 DESIGN AND METHODOLOGICAL CONCEPTS 

This chapter starts by giving an overview of the user workflow design (figure 2) and its 

evolution throughout the project (table 4, section 2.1). Next, the prerequisites for the study 

are described and the impact of the absence of some of them on the validation and 

evaluation studies is elaborated on (2.2). The next points provide an overview of the 

validation and evaluation (2.3) methods used in assessing the feasibility of the TRANSFoRm 

system to execute the T2D use case. Details of the different steps will be explained in parts 

of chapter 3. Finally a brief overview of governance issues is given (2.4). 

2.1 USER WORKFLOW DESIGN 

There was an evolution of the workflow design during the TRANSFoRm project.  An overview 

is presented in figure 2 and table 4.  The starting point was the ‘clinical researcher’s wish list’ 

as described in deliverable D1.1(5).  Next these ‘key system options and functionalities’ listed 

by the users, were translated into a list of functional and user requirements for the 

development of the TRANSFoRm Query Formulation Workbench tool as described in 

Deliverable 5.3. Finally these requirements were progressively adapted to create a feasible 

workflow to be used in the validation and evaluation studies. 

2.1.1 Initial workflow developed by the clinical researchers 

The TRANSFoRm software is intended to support clinical researchers to find and select 

eligible patients for epidemiological studies, to define study variables and to extract data from 

heterogeneous data sources from different EU countries. The initial idea was to provide the 

clinical researcher information on comparability and data quality, on the number of patients 

available in specific databases when choosing a certain study design, linkage between 

databases and other search criteria. Furthermore, the initial request from the clinical 
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researchers was to get information on costs related to the use of data and also to be given 

information and support on addressing the governance issues related to the use of data.  

This would allow the researcher to purposefully select research databases, based on the 

eligibility criteria and study variables to be extracted. After authorization for access and 

linking of data , the researcher could formally request an extraction of research data. 

Together with the research data, a report on the process of selection and extraction is 

generated by the system and presented to the researcher. (D1.1) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Workflow followed by the user in the T2D use case 

2.1.2 Evolution of the design of the workflow and functionalities 

The clinical T2D use case was developed to drive the development of the TRANSFoRm 

technology to support large scale epidemiological research. 

Table 4 presents an overview of the initial end-user’s (clinical researcher’s) “wish list” (as 

described in D1.2) (column A), the modelled functional requirements (as described in 

D5.3)(column B) and the actual operational functionalities as available during the evaluation 

phase (column C) (6). This overview shows that the actual TRANSFoRm software starts to 

Workflow followed by the user in the T2D use case

Query options Databases, variables, counts, quality, linkage, outputs

Authorisation Subjects, Linkage, variables

Define query Query generation: database variables, coding, quality

Extract data Database variables

Data integration Variables from multiple databases and subjects

Data presentation Integrated data, provenance, safe haven
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support the epidemiological research at the point a researcher defines a query to select 

patients and study variables. In a following step a data extraction request to the queried 

database should result in data transfer from the queried database to a ‘safe haven’. An 

exploration function, expressed as ‘present system option’ function and intended to help a 

clinical researcher choosing the appropriate databases was only partially available. The idea 

was to present an overview of real time information about queryable databases, regarding 

available patient populations, data elements, costs and authorization prerequisites.  
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Table 4 (part 1) Evolution of the design of the workflow and functionalities  
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Table 4 (part 2) Evolution of the design of the workflow and functionalities 
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2.1.3 Description of the T2D workflow in the TRANSFoRm zone model 

To clarify and test workflow compliance with legal requirements the clinical use case was 

applied to the TRANSFoRm zone model, a generic graphic model to test data privacy 

requirements applied to certain data flows from the care area to the research area [7]. The 

TRANSFoRm zone model offers a framework for privacy compliant data flows for research 

purposes in TRANSFoRm. The zone model is able to distinguish the various phases of the 

research data flow from data sources until data reaches the researcher for analysis. 

Many rules, policies and regulations govern the use of medical data for care and research 

purposes and have to be considered in the TRANSFoRm use cases. For example, different 

databases in different regions and countries have to be accessed and sometimes linked 

considering different data protection and access rules and regulations. But the TRANSFoRm 

zone model manages with only three different zones and the additional element of a 

subzone. The subzone defines local differences in the type of data sources. Each subzone is 

homogenous in terms of rules and regulations and the risk of which individuals are 

identifiable.  

 

Figure 3 presents the actual workflow that is subject of this report, applied to the 
TRANSFoRm zone model (7). The figure shows the transfer of data from zones with high 

risk of identification (care zone) to zones with lower (non-care) and low risk of identification 

(research zone). TRANSFoRm software Data Node Connector (DNC) and QWB interact with 

research databases that contain pseudonymous (reversible de-identified) and coded (e.g. 

ICPC)  data.  The data of the primary care research databases originates from individual GP 

practices in which the caregiver (GP) typically has a therapeutic and trusted relation with the 

patient and works with fully identifiable data. On the other end of the data flow, the 

TRANSFoRm end-user is a clinical researcher that needs linked –or at least linkable- data 

from heterogeneous data sources that may be primary care databases, prescription 

databases, patient registries, genetic databases or biobanks. The workflow of the 

TRANSFoRm researcher starts by accessing the query workbench (QWB) (step 1-3). First, 

using the QWB, the databases of interest are selected. Some database specific information 

is given to help the query formulation. The researcher defines the study population and study 

variables or defines eligible patients, with the definition of inclusion/exclusion criteria.  After 

completion of query development through analysis of returned patient counts from each 

database, the targeted study population is automatically flagged (step 5). For security 

reasons, a manual intervention from the research database controller is built in to allow the 

data controller full control over his research database enabling him to permit or refuse data 
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access. This rule observes requirements laid down by the EU Data Protection Directive that 

require that each data controller of a database has the responsibility to ensure legal 

compliance and data protection of the data processes. Once the targeted study population 

had been flagged, a formal data extraction request from the researcher to the research 

database can be submitted (step 6). Again the data controller of the research database has 

to permit any upload of the requested study data.  to the ‘safe haven’ (step 7-8).  

This ‘safe haven’ is the study environment where de-identified data is provided for analysis.  

Access to the safe haven requires a local installation of Windows remote desktop software 

allowing the clinical researcher to connect to a Linux environment in which research data in 

the safe haven can be accessed (step 9). At the end of the data analysis, all data that were 

temporarily stored in the safe haven will be destroyed to ensure that they are used only for a 

specific purpose (purpose limitation)(step 10). The left lower box in figure 3 shows all study 

variables required to execute the diabetes use case, with in green the available and in red 

the planned ones, at the moment of the evaluation. 
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Figure 3: Type 2 diabetes use case workflow presented in the TRANSFoRm zone model  

 

2.2 PREREQUISITES FOR THE VALIDATION AND EVALUATION STUDIES 

The TRANSFoRm evaluation study protocol (8) mentions prerequisites which should be met 

before starting validation and evaluation. These include local regulatory and ethical 

approvals at each test site and local installation of the TRANSFoRm software that needs to 

be verified and debugged, and has to be documented against functional completion 

according the clinical study protocol (D10.3, evaluation protocol). The necessary local 

regulatory and ethical approvals were obtained by August 2014.  At 31 May 2015 a number 

of the other prerequisites hadn’t been fulfilled due to delays in the functional completion of 

the QWB and the installation of the DNC (including definition of structural and semantic 

mappings) at the local databases. This had an impact on the  evaluation and an adapted 

approach was taken to  look at the feasibility of executing the T2D genotype-phenotype study 

with the TRANSFoRm software (table 5). On 31 October 2015 most prerequisites were 
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fulfilled (for testing at NIVEL, Intego, Go-DARTS and CPRD/DataLine) however evaluation 

time was limited. 

Detailed information on the actual validation and evaluation studies is provided in the next section. 

Table 5 Overview of the software evaluation prerequisites at 31 October 2015 

°Diabetes patients from one of the 8 Pears of the Parelsnoer Initiative 

  

Cou
ntry 

Name 
database 

 

Local 
regulator

y and 
ethical 

approval 

TRANSFoRm software 
Size of 

populati
on 

available 
for 

querying 
(n) 

Local 
installation 
completed 

Verific
ation/
debug
ging 

compl
eted 

Testing 
functional 
completion 

according the 
clinical 

protocol 

Important limitations for 
validation/evaluation testing 

NL 

NIVEL 
PRIMARY 

CARE 
DATABASE 

Primary 
Care 

Database 

1,6 mil. 

✓ 

✓ ✓ ✓ 

- 

Parelsnoer 
diabetes 
*Leiden 

Centre only 

7000 
 

*330 
✓ ✓ Not applicable 

No SNPs information available at time of 
testing  
So testing was re-scoped to the 
demonstrating a proof of concept of 
linkage with primary care of NIVEL Primary 
care database 

fz: 

Intego 300.000 

✓ 

✓ ✓ ✓ 

No linkage testing since this was not 
possible because of technical limitations 
(identifiers do not allow linkage) 
Testing was re-cope d  to installation and 
testing of TRANSFoRm software and 
processed on a new database 

UZA genetic 
test 

database 
1000 ✓ ✓ ✓ 

Database developed based on the 1000 
Genomes project. This database did not 
contain Belgian patients so no linkage was 
possible. 
Testing scope focussed on implementation 
of the DNC and testing the TRANSFoRm 
software’s ability to identify patients and 
obtain data from a genetic database 

UK HIC 
GoDARTS 

25.000 
(primary 

care  
7000 

(genetic)° 
 
 

 

✓ ✓ ✓ 
Testing focussed on testing TRANSFoRm 
software to identify patients and obtain 
data using an integrated database of 
primary care and genetic data 

✓ ✓ ✓ 

UK CPRD 

5 mil. 

✓ No No No 

Direct access to the database is not 
permitted and a platform controls query 
submissions.  
Evaluation rescoped to showing that a 
Query-to-query translation can be provided 
and data can be moved to the safe haven 
in this particular situation.  
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2.3 ACTUAL VALIDATION AND EVALUATION STUDIES 

2.3.1 Validation studies 

Software validation can be described as “confirmation by examination and provision of 

objective evidence that software specifications conform to user needs and intended uses, 

and that the particular requirements implemented through software can be consistently 

fulfilled.”(9) 
In our T2D study, we aimed to provide an in-depth exploration of the feasibility of the 

TRANSFoRm system to support the activities required to complete the T2D use case 

involving ‘real world users’ (researchers, PCDb/GDb) and offered a final opportunity to 

respond to technical or usability issues prior to wider evaluation. It involved execution of all 

the steps required to complete the T2D use case (from looking for eligible patients to 

accessing the extracted data at the safe data storage location) as described in the Query 

Formulation Workbench (QWB) requirements (D5.3). 

The focus was on the testing of the Query Formulation Workbench Interface.  However, 

since these tools are part of a larger system as described in section 1.2,  the whole system 

was in effect included in this process.  For the validation study two databases were used: the 

NIVEL Primary Care Database and the UZA genetic database. 

 
We used an iterative user-centred design and development process (figure 4)(10). This 

process is preformed several times starting with the development of the user requirements in 

the use cases 1 followed by description of the functional requirements for the design of the 

QWB 2 and the development of a very early prototype 3 which was tested in the validation 

study 4. During this process, design and prototype were changed 5. Based on the validation 

results, a new understanding of user tasks, goals and the context can be made 6 and this 

can serve as the basis to alter the design and build an adapted prototype7.  

30 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

 
Figure 4: Iterative user-centred design and development process (10) 
 

During the validation study, we focused on usability (including user experience and 
human factors), utility and accuracy of identifying eligible patients. These are all 

important quality factors to be considered.  In addition, the accessibility and ease of use of 

the data at the Safe haven was evaluated by 3 members of the TRANSFoRm research team. 

An overview of the steps and data collection methods is provided in table 6. 
 

Usability is defined as a quality attribute that assesses how easy and pleasant user 

interfaces are to use. It includes methods for improving ease-of-use during the design 

process.  

We used the most basic and useful method for usability testing, user testing, which has 3 

components (10): 

o Get hold of a small number of representative users (users for whom the 

system you want to tested is intended). The best results come from testing no 

more than 5 users and running as many small tests as you can afford. 

o Ask the users to perform representative tasks with the design. 

o Observe what the users do, where they succeed, and where they have 

difficulties with the user interface. Encourage users to ‘Think Aloud’ by 

constantly reminding them to talk about their experience. Try to have as little 

communication as possible, and allow the user to do most of the talking (11). 

1 

3 

4 

5 

6 

7 

2 
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User experiences refers to the broader experience of the user with the system (including 

trust, comfort and pleasure of use). This was researched using semi-structured interviews 

capturing in-depth information about the experiences of the researcher and the PCDb/GDb 

staff using the TRANSFoRm tools. Human Factors are intrinsically tied into usability and 

focus on looking into why people make mistakes when using the tools, building queries. Both 

information from the tests and the follow-up interviews were used here. Utility refers to the 

design functionality and can be described as a quality attribute that assesses whether the 

system does what users need. Within the TRANSFoRm T2D study this is assessed based on 

the information collected during usability/user experience testing from users and the 

experiences of TRANSFoRm researchers during this process. Also information and 

reflections from discussions on the testing of the QWB within the TRANSFoRm system in the 

whole TRANSFoRm group (both testing team and developers) were collected in reports and 

used for this purpose. Usability and utility are equally important and together determine 

whether something (in this case the TRANSFoRm system) is useful. It matters little that 

something is easy to use if it doesn’t perform the tasks you want. It’s also no good if the 

system can technically do what you want but you cannot make it happen because the 

interface is too difficult (11).  

We also looked into the performance of the system to accurately identify eligible patients 

comparing results of a manual query versus a TRANSFoRm supported query built with the 

QWB at the NIVEL primary care database site.  
 

Step Quality feature 
addressed 

Data collection Site 

Iterative user testing Usability  
User experience 
Utility 

Observation and thinking 
aloud during QWB use 
Interview with user  

NIVEL primary care 
database 
UZA genetic 
database 

Accuracy of 
identifying eligible 
patients 

Accuracy 
Utility 

TRANSFoRm supported 
selection vs manual 
selection  

NIVEL primary care 
database 
 

Experiences of 
TRANSFoRm 
researchers with the 
safe haven 

Access 
Ease of use 

 
  / 

Safe haven 
(Custodix) 

Experiences of 
TRANSFoRm 
researchers during 
the validation process 

Usability 
Utility 

Written reports on 
problems encountered 
by T2D case research 
team while using the 
tools and reflection on 
them with the developers 
and wider TRANSFoRm 
group 

NIVEL primary care 
database 
UZA genetic 
database 

Table 6: Overview of steps and data collection methods in the validation study 
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2.3.2 Evaluation 

The evaluation study was an extension of the validation study building on the experiences 

of the latter and using the updated technology. Evaluation focused on the feasibility of 

including additional data sources to be queried and to provide data and on the linkage and 

data-integration workflow. (table 7). 

Regarding the inclusion of the additional databases, the aim was to describe the effort 

needed to install the TRANSFoRm technology and to run queries and to document the user 

experiences. The investigators of the T2D use case built the standard query for each 

database and checked for availability of counts and requested data. As with the validation 

study, the QWB and the middleware systems were involved. Data source managers were 

asked to keep a diary of time spent and problems encountered and a user experience 

interview was done(11)(12).  Additional databases comprised Intego (Belgium), Go-

Darts/HIC (integrated primary care and genetic data in Scotland) and CPRD/DataLine 

(England). The experiences of the database controller of the UZA genetic database was also 

included. Evaluation of a pilot study on linking and integration of phenotypic and genotypic 

data was performed by TRANSFoRm researchers in collaboration with ZorgTTP (Trusted 

Third Party), NIVEL primary care database (Netherlands) and Parelsnoer (genetic database 

Netherlands). An overview of the steps and data-collection methods can be found in table 7.  

Step Data collection Site 
Testing ability to query data 
sources 

Transform researchers 
submit the standard query to 
each new database and 
check number of eligible 
patients and extracted 
information 

Intego in Belgium 
CPRD/DataLine in England 
GoDARTS and HIC in 
Scotland 

Perceptions and experiences 
of database managers 

Diary of time spent and 
problems encountered 
 
Interview with database 
managers on usability and 
user experience 
 

UZA genetic database 
Parelsnoer genetic database 
INTEGO primary care 
database 
GoDARTS and HIC in 
Scotland 

Data linkage and integration Description of required 
workflow and problems 
encountered 

Parelsnoer and NIVEL 
primary care database in 
collaboration with ZorgTTP 
in the Netherlands and 
Custodix in Belgium 
(appendices 1-4) 

 

Table 7: Overview of steps and data collection methods in the evaluation study 
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2.4 GOVERNANCE  

Different permissions and approvals were needed to access and use data. In each of the 

participating databases permission was sought and obtained from the appropriate boards or 

committees (including data protection) to use the data for the clinical pilot study involving 

linking phenotypic and genotypic information. We applied for ethical approval in each of the 

participating countries for the clinical pilot study. This concerned the use of data and linking 

primary care with genetic data. 

An overview the data sources’ procedures is given here.   

 

NIVEL Primary Care Database  (The Netherlands) 

• A board of representatives of national associations of health care providers, approved 

of the TRANSFoRm study.  

• The Privacy Commission of NIVEL PCDb advised positively on implementation of the 

linkage procedure for the TRANSFoRm linking pilot and clinical pilot study (NZR-

00314.012 on the 22nd of June 2015).   

PARELSNOER Initiative (the Netherlands) 

• A formal approval of the Diabetes Pearl Consortium on the use of their data for the 

pilot project of TRANSFoRm (The Diabetes Pearl Consortium is a collaboration 

between 8 academic medical centers in the Netherlands). The pilot project involved 

use of genetic data for the clinical pilot study and for the linking pilot.  

• The ethical committee of the University Medical Centre in Amsterdam approved the 

clinical pilot project and for linking Parelsnoer data to NIVEL PCDb data 

(NL27783.029.09, permission received at 1 July 2014). The security officer of 

Parelsnoer was consulted by the ethical committee.  

• A formal approval of the individual university medical centers (local approvals) was 

also needed.  Seven medical centers gave their approval, one only wanted to take 

part in the linking pilot.  In practice only one medical center (LUMC) actually 

participated in the linking pilot study.  

INTEGO Primary care database (Belgium) 

• approval of the database managers and board with GP representatives was obtained 

in April 2014 

• A positive advice from the UZA-UA ethics committee in Antwerp was obtained in 

August 2014 
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GODARTS (Scotland) 

• the GoDARTS Access Committee were approached in February 2014 to obtain linked 

SNP data for the requested cohort and this was received late October 2014 

• HIC Access Committee agreed that the database used for IMI EHR4CR could be re-

used for TRANSFoRm 

 

CPRD/Datalines (UK) 

• approval was obtained from the Independent Scientific Committee that approves all 

CPRD studies 

• Ethical approval was obtained  in July 2014 

 

In addition we sought and obtained ethical approval for the evaluation study of the Query 

Workbench and related TRANSFoRm tools. This request involved the participation of 10 

researchers in 3 countries and the database controllers of the participating databases. 

Approval was obtained from the ethical committee of the university hospital (UZA)-University 

of Antwerp (UA) in August 2014. All participants were informed about the evaluation study 

and signed an informed consent.  
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3 IMPLEMENTATION  OF THE T2D STUDY: EXPERIENCES OF THE 

DATA SOURCES 

The TRANSFoRm tools and services to support large scale epidemiological studies, were 

developed with the assistance of a number of partner clinical repositories, including NIVEL 

primary care database for phenotypic data and the UZA database for genetic data. 

Experiences with the NIVEL database were described in the deliverable of WT 6.3.  and are 

further elaborated in chapter 5 where linking data from the Parelsnoer Initiative, is worked 

out.    Experiences with the UZA database, the first genetic database to employ the 

TRANSFoRm software, can be found in section 3.1 of this chapter. More information on 

NIVEL primary care database can be found in appendix 1. 

An important claim of TRANSFoRm is that its tools and services can be applied to new 

repositories without changes to software. For any new site the following tasks are required: 

• To author a generic data model for the repository called the Data Source Model 

(DSM) which describes the underlying database schema in a generic manner 

• To author a generic mapping model called the CDIM-DSM mapping model which 

maps the source database schema (through the DSM) to the platform ontology(15) 

• If necessary, to map local codes to recognised standards, such as ICPC, ICD, 

SNOMED-CT, ATC and LOINC as used at the workbench 

In addition, an installation of the platform components may involve specific OS and database 

configurations and selection of drivers for access. There are a variety of versions of Windows 

and relational databases which might be encountered. Executive authority and ethics 

approvals are also required. 

For the present project these tasks were not expected to be onerous in themselves as the 

project use cases limit the amount of meta-data required. However, the institutions hosting 

these databases must organise themselves and cooperate with TRANSFoRm to achieve 

these requirements and this can take significant local resources and scheduling. 

Three new repositories were selected for this evaluation: 

• Intego in Belgium, offering a clinical data repository (section 3.2) 

• GoDARTS in Scotland, offering a combined clinical and genetic data repository 

(section 3.3) 

• CPRD/DataLine in the UK, with its own platform (DataLine) for accessing an 

underlying clinical data repository (CPRD) (section 3.4) 
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We will explore each of these in turn with respect to the challenges defined above. All online 

materials referred to in the remainder of this discussion can be found at http://bit.ly/D1-

2Resources. 
 

First the experiences of the first genetic database to install and work with the TRANSFoRm 

tools, UZA genetic database, will be described.  

 

3.1 UZA GENETIC DATABASE (BELGIUM) 

This section describes the experiences of the database manager, and at the same time UA 

TRANSFoRm team member, with installing the DNC and running queries. The aim was to 

document the challenges and possible solutions encountered during the process of installing 

the Data Node Connector (DNC), performing the structural and semantic modelling and 

deploying the tool to process the researcher’s query. The description is based on the 

information the database manager kept in the TRANSFoRm diary and the user experience 

interview performed after installation. A prototype manual was worked out for the DNC 

installation by the UZA data controller. This was subsequently used to support other 

databases in the DNC installation.  In addition, a hyper-linked document was prepared to 

make installation more streamlined and general easier. The manuals can be found online. 

The UZA genetic database was developed using the data from 1000 genomes project3 . The 

data was uploaded in the structure of a real genetic research database of the University of 

Antwerp (department of medical genetics4). 

 

3.1.1 Experiences of the database manager 

Installation and modelling took around 0,5 FTE for 3 months. Most time consuming was the 

modelling. The installation of the DNC was not very difficult but better documentation could 

have speeded up the process. The most important recommendation is to build one program 

3 http://www.1000genomes.org  (last consulted at 23 February 2015) 

4 http://www.genetica-antwerpen.be (last consulted at 23 February 2015) 
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instead of the 3 components the DNC is built up from now. Installation and use would be 

improved. The user should not have to be concerned about having to maintain processes 

running (and running out because of time issues).  ‘Now there are a number of individual 

programs that need to work together, it would be good to have one program, this would limit 

the number of mistakes made’.  

The modelling was very time-consuming. ‘The TRANSFoRm team adapted the mappings, I 

needed to send a query to the database and check whether data was send or review logs of 

failures and give them feedback. This was an iteration of adapted mappings….That process 

took most of my time’. The UZA database is a small and dummy database without any errors. 

The database manager was concerned about having to install and map in larger, real life 

databases.  

Processing queries is perceived as simple and intuitive. ‘Once the system is working, it is 

rather simple to process the queries’. What could still improve the ease of use, is putting all 

the steps (view request, view results, process request) into one screen.  

There was a serious concern about the ability of the whole system to build queries because 

the relations between the data are not included in the whole process. ‘Typical for a database 

is that you separate the terms out in different tables but that you keep the link between them. 

Those links are lost when you use TRANSFoRm’. A summary of DNC installation and 

mapping issues as detailed by the controller are available in appendix 2.  

 

3.2 INTEGO PRIMARY CARE DATA SOURCE (BELGIUM) 

3.2.1 Information on the data source 

Intego is a unique primary care clinical repository covering a population of 300k patients in 

90 general practices located throughout the Flemish area of Belgium. It offers a 

representative sample of patients within the Belgian healthcare system and holds significant 

quantities of data on diagnoses (3M Dx), medications (12M Rx) and laboratory results (29M 

tests). A full discussion of this repository can be found at 

http://www.biomedcentral.com/1472-6947/14/48 . Data is transferred from general practice to 

the central repository through a trusted third party which anonymises the data before its 

incorporation within the repository. To enable TRANSFoRm access, executive authority and 

ethics approval was obtained (cf. section 2.5). 
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3.2.2 Information on DSM and mappings 

3.2.2.1 Technology and DSM 

The Intego repository uses FileMaker Pro (www.filemaker.com) as its database technology. 

This is not a relational database technology, but does provide for SQL queries through an 

ODBC interface; selection of the appropriate driver and provision of a connection string 

(http://www.connectionstrings.com/) within the configuration of the TRANSFoRm data node 

connector is all that is required to enable this technology. As a consequence a relational 

schema can be provided from which a data source model can be generated (see appendix 

3). 

For Intego, the process of generating the DSM was straightforward and the XML 

representation of the DSM can be found online.  
Mapping model 

The CDIM-DSM mapping model also presented no difficulties. All the concepts used in the 

diabetes use case were successfully mapped. For example, individual concepts from the 

CDIM ontology, such as CDIM_000068 (Human mass measurement process datum) or 

CDIM_000067 (Human mass measurement process instant) were mapped to the correct 

position and encoding within the database schema. The XML representation of the mapping 

can be found online and was loaded into TRANSFoRm platform using the LexBIG client of 

LexEVS. 

3.2.2.2 Code mappings 

Intego does not conform to international standards for coding, which are generally used to 

encode queries at the TRANSFoRm query workbench. Although the database does contain 

conversion tables for local diagnosis codes to ICPC2 and medication codes to ATC it was 

requested that mappings be provided directly by those staff responsible for the Intego 

database. The following mappings were requested that are specific to the diabetes use case: 

1. Diagnosis of diabetes: all DiagnMddcCod field codes that match ICPC code T90 
2. Drug Tolbutamide: all PrescCNKCod field codes that match ATC code A10BB02 

(tolbutamide, proprietary and generic) 
3. Drug Glimepiride: all PrescCNKCod field codes that match ATC ode A10BB12 

(glimepiride, proprietary and generic) 
4. Lab result for HEMOGLOBINE A1c (DCCT, %): LabMddcCod field codes that match 

LOINC 4548-4 
5. Lab result for HEMOGLOBINE A1c (IFCC, mmol/mol): LabMddcCod field codes that 

match LOINC 59261-8 
6. Gender field codes that match SNOMED-CT administrative gender codes 
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The provision of general mappings between all local codes and systems, and the standards 

used by the workbench were not considered realistic at this time. At the time of writing the 

mappings had been received, and translated for incorporation in the local platform MySQL 

database. 

3.2.3 Installation of TRANSFoRm components 

This involved the installation of Java and Windows-based components of the platform and 

the creation of a folder structure within the file system for use by the data node connector to 

store query requests, generated cohorts and query results. In addition, a number of SSL 

certificates had to be installed and configured to enable communication with the middleware. 

No firewall restrictions were encountered. This process can seem quite complex for a new 

site and improved methods of installation are required.  

First a ‘count and flag query’ was created on the query workbench to determine a cohort of 

patients available to provide data; and to flag these patients for data extraction. The query 

can be found in appendix 3.  

The patient cohort to be identified is retained on disk by the data node connector to permit 

future data extraction requests against this cohort (see next section). Data extraction query 

can be found in appendix 3. 

The XML representation of this query as executed by the data node connector will be placed 

online at the earliest opportunity along with a summary description of the extracted data. 

3.2.4 Results and experiences of the database controller  

It was possible to execute the query: eligible patients were selected and flagged. Data was 

extracted and could be viewed at the safe haven. 

The database manager spent about 8 hours a week for 10 weeks. The main barriers put 

forward by the database manager were related to the installation of the software. First, it was 

not clear who was responsible for doing what (task distribution between manager and 

TRANSFoRm developer). The installation manual was unclear and it was not possible to 

install the TRANSFoRm software initially. The TRANSFoRm developer needed to perform 

the installation. It was felt that the software was not yet ready to be installed by an end-user.  

The modeling itself did not take a lot of time (‘just provide the codes we use for the variables 

requested’).  

The main concerns mentioned, were related to the need to have a more uniform registration 

by the general practitioners themselves before using data at a large scale. Information 
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regarding contextual provenance was perceived to be very important (‘we know children 

under 2 and women are underrepresented in our database because they are often treated by 

specialists’).  

The main opportunity - the possibility to look for eligible patient across databases - is 

acknowledged.  
 

3.3 GO-DARTS JOINED PRIMARY CARE AND GENETIC DATA SOURCE 

3.3.1 Information on the data source 

GoDARTS is a repository of clinical and genetic data for a significant fraction of the diabetic 

population of the Tayside region of Scotland, and a matching set of controls 

(http://medicine.dundee.ac.uk/godarts and http://diabetesgenetics.dundee.ac.uk/ ). For the 

purpose of the present evaluation only the diabetic component of this resource is used. 

Phenotypic data for this population was obtained from the Health Informatics Centre of 

Dundee University as part of another EU project, the IMI EHR4CR project. The relevant data 

was extracted from HIC resources and stored using the EHR4CR native data model in an 

MS-SQL database. This data covered the 4-year period up to the end of 2012 and consisted 

of diagnoses, medications, laboratory tests and other measurements such as height, weight 

and blood pressure. The HIC Access Committee agreed that this database could be re-used 

for TRANSFoRm. 

The GoDARTS Access Committee was approached in February 2014 to obtain linked SNP 

data for this cohort and this was received late October 2014. (Earlier attempts to contact the 

Access Committee had failed.) Data relating to the single nucleotide polymorphism (SNP 

rs7903146) within the TCF7L2 gene was requested. 

This linked genetic data was then integrated into the phenotype database as an observation 

with code OMIM 602228.0001 and codeValue 0 (CC reference), 1 (CT heterozygote), 2 (TT 

homozygote). Additional quality parameters associated with the call determination were lost 

when using the EHR4CR native data model. A more imaginative ETL might allow for their 

incorporation, but this was not considered important for the present purpose. 

3.3.2 Information on DSM and mappings 

3.3.2.1 Technology and DSM 
The repository uses MS-SQL Server database technology. The appropriate driver and 

provision of a connection string (http://www.connectionstrings.com/) within the configuration 
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of the TRANSFoRm data node connector is all that is required to enable this technology. The 

relational schema is shown in appendix 4. The process of generating the DSM was 

straightforward and the XML representation of the DSM can be found online.  

3.3.2.2 Mapping model 
The CDIM-DSM mapping model presented no difficulty and was loaded into LexEVS using 

the LexBIG client. 

3.3.2.3 Code mappings 

This project specific version of the GoDARTS database conforms to some international 

standards of coding. Diagnoses are coded with ICD10 and SNP data with dbSNP rs 

numbers. However, laboratory coding is local and medication data uses UK national coding 

(BNF). Given the envisaged query, the following mappings were requested: 

1. Lab result for HbA1c (LOINC 59261-8) 

2. SNP call values (SNP_STATUS: Reference, heterzygote and homozygote) 

 
The provision of general mappings between all local coding systems and the standards used 

by the query workbench were not considered realistic at this time. All code mappings were 

available. 

3.3.3 Installation of TRANSFoRm components 

This involved the installation of Java and Windows-based components and the creation of a 

standard folder structure for use by the Data Node Connector to store query requests, 

generated cohorts and query results. In addition, a number of SSL certificates had to be 

installed and configured. No firewall restrictions were encountered. This process can seem 

quite complex for a new site and improved methods of installation are required.  

A count-and-flag query was created on the query workbench to determine the numbers of 

patients available to provide data; and to flag these patients for data extraction. Following 

that, a data extraction query was run. Both queries are available in appendix 4. The XML 

representation of this query and a summary of its associated outputs are available online. 

3.3.4 Results and experiences of the database controller  

It was possible to execute the query: eligible patients were selected and flagged. Data was 

extracted and could be viewed at the safe haven. 

The main issues put forward by the database manager (who helped develop part of the 

software) during the interview were related to the complexity of the installation and clarity of 
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the manual. Installation was doable but was a long and cumbersome process. Apart from 

TRANSFoRm, MySQL and the correct version of Java environment needed to be installed 

and the database managers need to have IT skills. For ease of use, the data manager made 

a shorter hyper-linked version of the manual for himself, which ended up incorporated into 

the training materials (these can be found online). 

The modelling was experienced as straightforward but time consuming. Three steps were 

needed to be performed by 3 different actors: database manager made the first attempt at 

the Data Source Model (DSM); the CDIM-DSM mapping was created, and finally the model 

was checked against the semantic mediator service. Better software tool support would 

assist database managers in doing this. Data source personnel needs to be experienced in 

standard and national/local coding systems and the mappings between them. 

A concern that was raised was the potential presence of silent mapping errors (‘you get no 

errors and wrong numbers/data’) that can occur when a mapping is wrong. Currently, the 

software does not provide a way to interactively explore the mappings, which should also be 

considered in the future.  

 

3.4 CPRD/DATALINE PRIMARY CARE DATA SOURCE (UK) 

3.4.1  Information on the data source 

The Clinical Practice Research DataLink (CPRD) hosts a large clinical repository covering a 

representative sample of the UK population (10% in 2015). Observational data are currently 

available from a range of primary and secondary care settings, including disease registries, 

linked to key demographic, socioeconomic and secondary care datasets (www.cprd.com ). 

Whilst the CPRD primarily focuses on health and social care, data from external domains are 

considered for new linkages where the advantage for research is clear. This would, for 

example, include genetic data from UK Biobank (www.ukbiobank.ac.uk ), which holds data 

on 500k patient volunteers. 

3.4.2 Information on DSM and mappings 

3.4.2.1 Technology and DSM 

CPRD does not permit direct access to their database, and a dedicated platform, developed 

by DataLine Ltd. controls query submissions. After having obtained an independently 

reviewed ISAC approval to access data for their study, the users define their queries using 

the DataLIne TrialViz tool, which reports counts in real time as the query is generated, and 
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once satisfied they submit the query to DataLine. The query is profiled against the approved 

study request and then sent to CPRD which performs the data extraction from their database 

and makes data available for users to download. 

This strategy therefore offered a different challenge to the others, and at present, a DSM is 

not applicable for this source. A mechanism has been designed whereby the TRANSFoRm 

query model can be mapped to a Dataline query, via XML-to-XML transformations, and 

including code translations using the Semantic Mediator. While promising, this required 

development of additional non-standard components on both TRANSFoRm and Dataline 

parts, which could not be done within the timeframe of the project, but is planned for a follow-

up national project in the UK. 

3.4.2.2 Mapping model 

At the present time, a mapping model is not defined for this source. 

3.4.2.3 Code mappings 

Coding within the CPRD dataset is covered by Read version 2 for clinical statements and 

Multilex for medication statements. However, laboratory results appear to be identified in the 

TrialViz query model by Card name. Therefore the following code mappings were requested 

for the diabetes use case: 

1. Diagnosis of type-2 diabetes as Read code version 2 

2. Medication code as Multilex for Metformin (ATC A10BA02) and Insulin (ATC A10A[B-

E]) 

3. Laboratory code as a local card name for HbA1c/IFCC 

These mappings have been received. 

3.4.3 Installation of TRANSFoRm components 

In discussions with DataLine it was not possible to establish a technical interface between 

the TRANSFoRm platform and the TrialViz application and there is no deployment of 

TRANSFoRm components within the CPRD environment. Instead, it is proposed that queries 

prepared on TRANSFoRm are placed on a web console to which CPRD staff have access. 

These queries are direct translations of the TRANSFoRm query format to the TrialViz search 

format. CPRD staff execute these searches and return results to the console, which are then 

returned to the TRANSFoRm query workbench. 
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At present, it is proposed that the semantic mediator component of the TRANSoRm platform 

directly translates TRANSFoRm queries to TrialViz queries. The equivalent constructs within 

the TRANSFoRm query model and the TrialViz query model are given in table 8. 

The semantic mediator can use these equivalences along with the code mappings to 

translate queries. 

TRANSFoRm 
element 

Attributes TrialViz element Attributes 

QueryCriteria id Search Id, name, search type 

Criteria Id, name, operator, 
negation flat 

Stack Id, name, type, negation 
flag 

Expression Query type Card Id, name, type, typeInfo 

Archetype concept Card name 

ATTRIBUTE value 
matches 

EntityFilter EntityValueType 

Value 

CodeListMember Id, code, description 

 

Table 8: Equivalent structural elements in the TrialViz query model and the TRANSFoRm query model. The 

choice of TrialViz elements for an archetype or enclosed ATTRIBUTEs are determined by the CDIM bindings 

within the archetype and the associated expression query type. 

 

3.4.3.1 Count and flag test queries 

A test query was created on the query workbench to determine the numbers of patients 

available to provide data (see appendix 5).This query was initially translated by hand to 

obtain a TrialViz equivalent and the XML representation for that can be found online. This 

query has not yet been executed by CPRD staff and summary results will be placed online 

when available. 

3.4.3.2 Data extraction test query 

No data extraction query has been specified for this source at the time of writing. 
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3.4.3.3 Status 

Test queries have been prepared. Code mappings and a manual query translation to TrialViz 

has also been prepared. Development of the web console component has yet to be 

completed. However, the web component is not vital for the evaluation and CPRD staff can 

take the existing TrialViz count/flag query and execute it. 
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4 IMPLEMENTATION OF THE T2D STUDY: EXPERIENCES OF 

CLINICAL RESEARCHERS AND ACCURACY OF SELECTING 

ELIGIBLE PATIENTS 

In this section the detailed aims, methods, processes and results of the Usability, user 

experience and utility (from the user and TRANSFoRM researcher perspective) studies are 

described and the accuracy of selecting eligible patients using TRANSFoRm is elaborated 

on.  

4.1 USABILITY, USER EXPERIENCE AND UTILITY  

4.1.1 Aim  

To test whether the TRANSFoRm system conforms to user needs and intended use. We 

wanted to know whether the system was easy and pleasant to use and whether it was 

possible to identify patients, receive counts of eligible patients, extract predefined data and 

make data available for analysis at the test-environment for both primary care and genetic 

data. We also aimed at exploring the overall experience of researchers using the QWB and 

TRANSFoRm system. 

 

The specific goals of the usability testing were as follows:  

 to test the usability of  the QWB interface. The testing is intended to reveal the weak 

points of the interface that might frustrate the user and to identify areas where the 

current interface should be improved.  

 to examine the process of accessing the TRANSFoRm Test Environment and using 

the data stored there. The testing was intended to reveal the weak points of the 

access procedure and usability of the data stored.  

 

4.1.2 Method 

4.1.2.1 Design, participants and data collection 
The usability testing was done using the method of ‘user testing’. This user testing involved 

a sample of 10 researchers (the Netherlands, England, Belgium) who tested the QWB on 

NIVEL data (primary care) and UZA data (genetic data) between September 2014-June 

2015. We chose an iterative design with 3 iterations corresponding to 3 versions (the first 

draft design, followed by 2 revised designs). In the first round 5 users participated, in the next 
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round 4 users participated and in the final round 1 researcher was involved in testing (prior 

user). We looked for researchers from universities or research institutions from different 

countries. We recruited users at NIVEL PRIMARY CARE DATABASE (n=1), Kings College 

London (n=2), Imperial College London (n=1) and the University of Antwerp (n=6). 

Data collection for the usability testing was based on observation and a thinking aloud 

procedure (details of issues we focussed on during the testing can be found in appendix 6). 

All sessions were audio-recorded and the five last sessions were also screen-recorded. In 

addition, the observer made notes during the testing session. We also aimed to measure the 

time to complete each task and the number of tasks that were completed within the 

scheduled time. Seven testing sessions were performed by the principal investigator in 

WT1.4, two were performed by a TRANSFoRm researcher at Kings College London and one 

was done by a TRANSFoRm researcher at Imperial College London.  

User experience was examined using semi-structured interviews focussing on: user 

interface design, knowledge and training, failures or struggles during the test and 

experiences with the overall workflow (start to ending) and recommendations for the future. 

Interviews were audio-recorded.  

Utility was described based on whether or not the users using the system were able to 

execute the whole testing process, i.e. to identify patients, extracted predefined data and 

access data available for analysis at the test-environment. Information on utility was also 

obtained during the user experience interviews. This not only refers to the abilities of the user 

but also to the performance of the overall TRANSFoRm system supporting the process.  

 

4.1.2.2 Training of participants 
Users received training in the week before execution of the testing. The training was based 

on the user manual of the query formulation workbench and a tutorial video 

(https://files.warwick.ac.uk/cgolby/browse#tutorials) and was offered as a self-study package. 

Researchers were advised to first look at the video and in a second step to go through the 

manual. Training was adapted during the testing cycle because of feedback of the first group 

of users. In a second phase Skype® or face-to face training was performed explaining the 

use of the QWB and allowing users to ask questions. In a third phase an example study was 

developed and used to teach people how to build queries. Training material can be found on 

http://bit.ly/D1-2Resources. 
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4.1.2.3 Testing process 
Testing took place at the researchers’ university (e.g. a NIVEL primary care database tester 

tested the software at NIVEL primary care database using a laptop belonging to the 

organisation). We started by having each user to use his/her own computer but switched to 

using one computer in each site because of Inter-Browser Compatibility and Operating 

System versioning issues. Users were asked to perform representative tasks using the QWB 

and following a specific scenario (this can be found online). In summary the following tasks 

were executed: 

• Access the QWB (authorization) 

• Develop and submit a count query (QWB) 

• Finalize counts using a Flag Query (QWB) 

• Develop and submit an extract query using previously defined flag query (QWB) 

• Access data – use data (test-environment)5  

The whole testing was a flexible cyclic process of testing, adapting QWB and middleware 

and consequently also updating the testing scenario and the training. After each testing, 

items that did not function (and terminated the testing) and hindering bugs were fixed. There 

were 3 evaluation points where testing details were discussed between TRANSFoRm 

investigators (leading the testing) and the developers. An overview of the changes made to 

the QWB at those points are described in detail in table 9. Appendix 7 provides a screenshot 

of the main working screen and the basic steps a researcher needs to take when looking for 

specific variables (a drug, a lab test, etc.). 

 
4.1.2.4 Analysis 
Transcriptions and audio recordings of the think aloud test sessions and of the interviews 

were analyzed using thematic analysis which is an approach to qualitative data material that 

seeks to define themes within the data and organizes those themes into some type of 

structure to aid interpretation. The aim is to identify general trends or categories of users’ 

behaviour such as how well users can complete a task and where they are encountering 

5 Since no user succeeded in reaching this step, the usability of the Test Environment was not evaluated by the 

users, however the TRANSFoRm researchers submitted an extraction query and evaluated the usability of the 

test environment. 

49 

 

                                                           
 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

problems. In addition, it is also able to identify users’ general perceptions and opinions of the 

technology’s usabilityy. The think aloud and interview data were collected and analyzed from 

a realist perspective. A combination of top-down and bottom up data analysis was used.  

The following a priori themes were used as a preliminary thematic framework:  

• Technical issues 
• Information content 
• Navigation 
• Interface-screen lay-out 
• Understandability (system’s instructions, error messages,…) 

 

For each case ( use/tester),  the principal TRANSFoRm researcher (HB) listened to 

recordings and transcribed the think aloud and interview sessions. Notes were used for 

clarification and detailing specifically for the audio-recorded sessions. In one case the audio-

recording of the interview failed and notes were used for analysis. In two cases no interview 

was performed but a brief written feedback on user experiences was provided by the user. 

For the four final tests, analysis was performed using the audio and screen recordings at the 

same time.  

Analysis of the testing sessions comprised the following steps6 (12, 13):  

1. Familiarization with the material by listening, reading and looking at the screen 

recordings if available and marking occurrences of usability issues;  

2. Coding the usability issues within the priori themes but being attentive for new codes 

not fitting with the a priori themes - this was done using the transcribed think aloud 

material and screen recordings when available;  

3. Regrouping of codes within existing themes. 

Analysis of the interview data comprised the following steps using thematic analysis:  

6 Because of the iterative and agile process of testing, analysis and adapting the software, a first analysis step 

took place right after the testing session primarily focussing on technical problems which needed to be 

resolved shortly after the testing session. Since the aim was to adapt the software to improve usability, the 

main focus in the analysis of the testing sessions were problems. In a second step we also looked for positive 

comments, coding them and grouping them into the prior themes. 
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1. Familiarization with the material by listening, transcribing and reading the interview 

data;  

2. Initial generation of codes within the a priori themes but being attentive for new codes 

not fitting with these a priori themes;  

3. Regrouping of subcodes within existing (and new) themes ;  

4. Reviewing themes.  

4.1.3 Results  

4.1.3.1 Participants and testing information 
Table 9 gives an overview of the users participating in the testing, the version of the QWB 

that was used (during the initial testing sessions the secure version was not running yet) and 

of the level to which the interview was performed. Interviews of testers who could not perform 

all the different steps described in the scenario, were only interviewed about the training and 

the tasks performed (so partial interviews). Table 10 summarizes for each user which steps 

could be performed and how much time it took7. This refers to the utility of the system.   

 Background user Testing date QWB 
version* 

Scenario 
version° 

Training 
version$ 

Interview 

1 GP Trainee/ 
Researcher 

061014 test 1 1a completed 

2 Dietician/ 
Researcher 

101014 test 1 1a completed 

3 GP/ 
Researcher 

121114 Secure 1 2 1b completed 

 4 GP 
informatician 
db manager 

261114 Secure 1 2 1b partial 

5 GP/researcher/diabetes 
specialist 

021214 Secure 1 2bis 1b partial 

6 GP/researcher 060215 Secure 2 3 1b completed 

7 This information provides an indication of how well the whole systems meets the requirements. But 

this is also influenced by the training, the functioning of the whole system (not just the QWB interface) 

and also links with how well users can make queries (in general), so referring to human factors. 
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 Background user Testing date QWB 
version* 

Scenario 
version° 

Training 
version$ 

Interview 

7 GP/researcher 120215 Secure 2 3 1b Written 
note 

8 GP/researcher 130215 Secure 2 4 1b Partial 

9 Non-medical researcher 270315 Secure 2 4 2 completed 

10 GP/researcher 130315 Secure 2 4 1b Written 
note 

8bis GP/researcher 110615 Secure 3 5 3 completed 

Table 9: Overview of user background and testing information 

 
Table 9 lists three versions used in testing. Besides bug fixing, the QWB was more 

fundamentally adapted twice during the testing process. Secure version 2 had an improved 

lay out and naming of labels, Secure version 3 had an updated terminology service 

(middleware) and an adapted workflow and lay out for looking for concepts and codes. 

Different scenarios were used because we systematically updated them according to 

readiness of the system and QWB changes. Scenario 1 did not include tasks related to the 

genetic database since that part of the system was not functioning yet. Scenario 2 did. 

Scenario 2bis had one more complex inclusion criterion to better represent use needs. 

Version 3 had more information on how to use the QWB and exclusion criteria were adapted 

to a more realistic task. The next adaptation into version 4 included adding breaks in the 

scenario were we knew users had to wait. We rearranged tasks to keep ‘lean’ time to a 

minimum. The final version 5 included again more detail on which terms to use to find the 

right codes. 

Different training approaches were used following the QWB changes. The first version 1a 

comprised providing users with a user manual and training videos. Version 1b had an 

updated manual. From training version 2 on, users were also trained using Skype or a face 

to face session. The manual was adapted again to include QWB changes. The last training 

version 3 included a worked example (in-and exclusion criterion description and worked out 

example in the QWB). This was shown to the users and they could use the example during 

their testing.  
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User Clinical 
count 
Query 
(partly) 
built 

Genetic 
count  
query built 

Quality tool 
used 

Counts NIVEL 
PCDb 
 
Counts UZA* 

Flag NIVEL 
PCDb 
 
Flag UZA* 
 

Extraction 
query 
built 
 
NIVEL 
PCDb* 
 
Uza DBb* 
 

Data 
submitted 
 
Data at 
Custodix 

 
Total 

time of 

testing 

1 + NA + - 
- 

- 
- 

+ 
- 

- 
- 

1h24 

2 + NA + - - 
- 

+ 
- 

- 
- 

1h17 

3 + + + - - 
- 

+ 
- 

- 
- 

1h16 

4 + - - - - 
- 

- 
- 

- 
- 

1h17 

5 + 
 

- - - - 
- 

- 
- 

- 
- 

0h53 

6 + + - + 
+ 

+ 
+ 

+ 
+ 

+ 
- 

1h04 

7 + _ - - 
- 

- 
- 

- 
- 

- 
- 

±1h00 

8 + - + + 
- 

- 
- 

- 
- 

- 
- 

1h16 

9 + + + + 
+ 

+ 
+ 

+ 
+ 

+ 
- 

2h36 

10 + - - - 
- 

- 
- 

- 
- 

- 
- 

3h00 

8bis + NA _ + 
_ 

_ 
_ 

+ 
- 

- 
- 

1h10 

Table 10: Overview of steps performed per user in the validation study (tester 8 did not finish but were trained 
with the latest version of the training package and tested again) 
 
*The first indication (+ or -) related to the task for the NIVEL primary care database data, the second to the UZA 
database. 
NA: Not applicable(since it was not possible yet to built a genetic query at that point in time) 
+: task was completed 
-: task was not started or not completed 
 

4.1.3.2 Usability testing results 
In this section the main results of the usability testing of the QWB and the Transform 

middleware are described. An overview of themes and subthemes and the detailed 
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codebook can be found in appendix 8. An overview of the adaptions made to the QWB 

based on the user feedback is given in appendix 9. 

During the testing process some positive points were given by the users. The main positive 

comments relate to the overall design which they found straight forward and clean. Some 

users liked the use of colors (green for inclusion, red for exclusion) and a few users found the 

main screen very logically built (eligibility and then count, flag, extract).  

Usability problems were found in all of the predefined themes however the main challenges 

for users was related to the actual building of the query and using and finding concepts and 

codes.  

Technical issues 

Reliable availability of servers for the different TRANSFoRm tools and Inter-Browser 

Compatibility and Operating System versioning issues is lacking. That frequently required 

testing to stop and be restarted at another time. 

Information content 

Users came across parts of the QWB of which they did not understand the use/goal (e.g. 

‘provenance’) but this did not limit them executing their tasks, they just ignored those parts. 

What did hinder users were confusing labels for different parts of the QWB (e.g. for defining 

eligibility criteria you need to click on ‘change eligibility criteria’).  

Navigation issues 

Users had difficulties knowing where and how to perform specific tasks such as defining 

inclusion criteria or submitting a query. This seems to be related to how these specific items 

are labeled and their order on the screen. Users found it not logical to find the ‘new protocol’ 

issue third in row while this was their first task. A number of participants struggled to keep an 

overview while building the query because the query is not visible as a whole. 

Interface screen and overall lay out 

Users held different opinions on test and box colours and style but did agree on the text 

being too small. Some users were disappointed in the communication of the QWB with the 

user: ‘no welcoming introduction, no ‘please’, ’thank you’. They also missed supportive 

information like a time indication on the arrival of the counts. There were many negative 

comments on the cumbersome processes and steps during the whole task execution. People 
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experienced too much clicking (or even de-clicking boxes) and a lot of double entry (e.g. 

SNPs need to be entered 3 times: reference, homozygote, heterozygote). Participants would 

like more drop down menus. This theme generated a lot of problems a number of which were 

addressed during the testing process. 

Understandability 

The main problems mentioned by participants are: building a query and using concepts. 

Users struggled with the form of events to use when building the query (single event, count 

event, compare events) and how to translate the inclusion and exclusion criteria into a QWB 

query. This is not solely a human-computer interaction problem but a problem also related to 

the capacity/experience of researchers. Participants suggested to give them a worked 

example that they could study upfront. They also had difficulties in knowing which human 

term to enter in the search box when looking for medication, diagnosis, etc. and when 

options were listed, to choose the appropriate term reflecting the codes of the issues they 

were looking for. In addition they struggled to understand abbreviations such as UMLS, ATC 

and Read which are used in the QWB. 

As a consequence of these difficulties, users feel they are lost and do not know what they 

are doing (‘black box’). This is also related to navigation problems and screen lay out. 

 

4.1.3.3  User experience (interviews) 
 

An overview of the main themes and subthemes are described below. A more detailed 

overview can be found in appendix 10.  

 
Training 

Only a few participants used the video and manual a few days prior to the testing as 

recommended. Most of them looked at the video, some read the manual maximum a day 

before the testing. Overall the training material was seen as useful but not sufficient. Most 

participants suggest to look at the video upfront and to use the manual during the testing. 

Users would like more guidance during the use of the QWB e.g. pieces of film at specific 

places, a help function. Making the training video more active, giving small assignments, is 

another suggestion.  

 
User interface design issues 

55 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

There are mixed views on colours, boxes and overall design. The request to use more 

‘common’ language (instead of ‘distributed infrastructure’, ‘flag’), was frequently made. Most 

users did not find the QWB intuitive. More guidance is needed and the number of steps to 

execute the tasks was considered too high. 

 
Query building issues 

Building the query is considered very difficult by everyone: it is a difficult logic and choosing 

concepts is confusing. In building the query, there are many steps and a lot of opportunities 

to make mistakes. As a consequence there is ambiguity towards the query results (‘Getting 

results without knowing how they were generated’). Most people think the ease of use will 

increase with frequency of use. Some participants suggest to restrict the use of the QWB to a 

few people who will use it a frequently and not put it out for widespread occasional use. In 

the latter case, the user friendliness needs to increase a lot. 

 
Potential of the QWB and wider TRANSFoRm platform for research 

Most users see the potential of the TRANSFoRm system to get more data quicker and 

cheaper. They also see the potential when you need a lot of data (‘I see the potential for 

research and big data’). 

There was also the suggestion that the platform could be used to group data from one study 

in different countries. 

 
Concerns: Reliability of results/quality of data n – role of databases - security 

The main concern was the quality of the data (– ‘fantastic if you can trust the results’; ‘People 

think they get good data but do they?’).  This was caused by the lack of information on 

country, setting, etc. and the lack of transparency during the query building process. An 

additional concern was that secondary use medical data might not always provide all the 

information needed. Another concern was the role of the databases. A few users mentioned 

the need for a balance between the ‘use of data’ and the ‘acknowledgement of the data 

collectors’.  Almost all participants were convinced they would always need the database 

managers to provide expert advice since they are the ones with best knowledge of their data. 

Finally, users stressed the importance of the system being trustworthy. 
 
 
4.1.3.4 Usability of the safe haven tested by TRANSFoRm Researchers  
The data retrieved from the data sources is placed inside the safe haven, provided by 

Custodix, which is accessible for researchers via individual user accounts on a virtual 

desktop machine. The main usability problems experienced by the TRANSFoRm researchers 
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with regards to the safe haven, was the fact that the data set was not integrated but that sets 

of variables were placed in different files, with metadata provided for each set in a separate 

XML file. An automated ETL process on the safe haven side would be required to merge the 

data in a form easier for researchers to analyse.  

Furthermore, a Linux Ubuntu operating system environment was provided by Custodix, 

which was not familiar to researchers. In a production environment, these tools could be 

replaced by more easy to use alternatives. 

 

4.2 ACCURACY OF TRANSFORM ASSISTED QUERIES TO IDENTIFY ELIGIBLE 

PATIENTS FOR THE T2D USE CASE 

4.2.1 Aim 

The aim of this validation step is to test the accuracy of the TRANSFoRm assisted queries (= 

using the Query Work Bench to build the query) to identify eligible patients for the T2D use 

case. Specifically we wanted to compare the number of eligible patients found via a 

TRANSFoRm assisted query to a manual query as reference standard in a stepwise 

approach.  

 

We also aimed to trace fundamental differences between the manual and TRANSFoRm 

assisted queries by comparing the syntaxes of these queries with the help of a database 

expert at NIVEL primary care database. Insight in these differences helps to determine the 

validity of the TRANSFoRm assisted query, and indicates what aspects of the Query Work 

Bench can be improved/require improvement.  

A detailed process description of building the queries and problems encountered was 

undertaken.  

 

4.2.2 Method 

4.2.2.1 Design 
We used a diagnostic accuracy testing approach. The TRANSFoRm supported query (as 

new diagnostic test for eligible patients) was compared to a manual query (reference 

standard). The manual query represents ‘usual practice’ at NIVEL primary care database for 

selecting patients for research projects using specific inclusion and exclusion criteria.  
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Primary outcomes were sensitivity and specificity. Specificity was considered the most 

important outcome since including only real diabetes patients in the clinical phenotype-

genotype is more important than including all the diabetes patients from a database. 

Secondary outcome was agreement (overall, positive, negative). We chose to use positive 

and negative agreement and not Cohen’s kappa (chance corrected agreement) since it is 

more a measure of reliability than of agreement (14). 

 
4.2.2.2 Datasets used 
Since we wanted to calculate sensitivity and specificity, we needed to be able to query 

exactly the same practices and patients in the two approaches. To ensure this, some specific 

steps were needed as described below.  

 

The NIVEL primary care data that was queried for the manual query has information on the 

period 1-1-2010 till 31-12- 2011. We only used the data from 2011 but wanted to be able to 

look back 6 months in time. The data underwent a prior quality check and a number of 

practices was removed before identifying eligible patients:  practices not delivering 

prescriptions for the full year were excluded. In addition, at the patient level, patients who 

were listed at practices for less than a quartile of the year were excluded. 

 

The NIVEL primary care data that was queried using the TRANSFoRm QWB contains data 

from 1992 to 2013. It is a more ‘raw’ database, so no practices or patients were excluded 

based on quality criteria. Hence, the TRANSFoRm assisted query ran on a larger database 

(containing more practices and more patients) and data. This meant that the following 

adjustments were needed to be able to compare results of both queries: 

• From the TRANSFoRm assisted query, only practices and patients also available in 

the dataset for the manual query, were kept in the analysis. This was done by the 

NIVEL primary care database researcher after the query was performed.  

• In building the query with the TRANSFoRm QWB, limits needed to be set to limit the 

query to the data of 2011. 

 

4.2.2.3 Inclusion and exclusion criteria 
For both queries (manual and TRANSFoRm assisted) the same in-and exclusion criteria 
where be used: 
 
INCLUSION 

• Inclusion step one: finding patients who were 18 or older in 2011 

58 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

• Inclusion step two: finding patients who were diagnosed with T2D (based on ICPC 

codes) 

The date of the start of a chronic episode, e.g. T2D, is available in the 2011 data8 

• Inclusion step three: finding patients who were prescribed sulfonylurea (SU) in 2011. 

• Inclusion step four: finding T2D patients, taking SU and having an HbA1c 6 months 

prior (less than 6 months) to the start of SU (= first prescription of SU in 2011).  

 

EXCLUSION 

• Exclusion step one: diagnosis was made when patient was 90 years or older 

• Exclusion step two: diagnosis was made when patient was 39 or younger 

• Exclusion step three: Patients who were prescribed insulin in 2010 or 2011 

• Exclusion step four: Patients who were prescribed SU prior* to the first prescription in 

2011 

*Prior = if SU has been prescribed in the 6 months before the first prescription in 

2011, the patient needs to be excluded. Both with manual and TRANSFoRm assisted 

query, it is possible to look back in 2010 data.  

 

4.2.2.4 Analysis plan 
Accuracy 

Sensitivity, specificity and degree of agreement (overall, positive, negative) will be 

calculated for each successive step of building the query (appendix 11). 

 

Comparison of the queries 

For the manual query, two steps were documented. First, a preselection of years, practices 

and variables was made for which an SQL syntax is available. Second, a final selection of 

practices/patients and execution of inclusion and exclusion criteria was performed of which 

Stata syntaxes can be viewed. For the Transform QWB supported query an XML syntax is 

available. 

8 As we already knew that the QWB does not allow the selection of lower order (more specific) codes than T90, 

we used T90 in the manual query as well. 
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These syntaxes offer an overview of the actual codes that were used to select the data. A 

database expert at NIVEL primary care database performed a comparison of the main points 

included in the syntaxes of the manual query to the QWB assisted queries.  

 

4.2.3 Results  

4.2.3.1 Accuracy 
An overview of the counts of eligible patients found in each successive step of building the 

query is given in appendix 12. The query was performed both manually at NIVEL PCDb and 

using the QWB with the aim to test accuracy of the QWB. Counts are based on practices and 

patients that were preselected manually (see description in the first row) and overlapped 

100% between QWB and manually queried database. 

Table 11 provides an overview of the sensitivity, specificity and agreement for each 

successive step in adding an inclusion criterion. Detailed figures for every step can be found 

in appendix 13. The specificity is very high and does not change with adding criteria. The 

sensitivity is good up till the combination of the first 3 criteria. Once the criterion on HbA1c 

(prior to the prescription of Sulfonylurea) is added, the sensitivity drops.  The same evolution 

is seen in the positive agreement. Overall agreement and negative agreement are high for all 

steps. 

If we look at the results in the wider QWB (see appendix 12), the number of patients of 18 

and older in 2011 selected is very high. With criterion 1 and 2, the number of patients 

selected by using TRANSFoRm is more than doubles if you compare it to selected with the 

manual query. They probably are diabetes patients (since the specificity of the query is high) 

but are excluded in the manual query based on other quality related criteria (e.g. not being a 

listed patient in a practice or the practice not having complete prescription or contact 

registration in 2010 or 2011).  
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Criteria 

Manual T90 – Small 
QWB 

Sensitivity 

(%) 

Specificity 

(%) 

Agreement 

(%) 

   Overall Pos. Neg. 

Inclusion 1 100 100 100 100 100 

Inclusion 1+2 90,5   

(Manual 
T90.2: 90,7) 

99,5 

(Manual T90.2: 
98,7) 

99 92 100 

Inclusion 1+2+3 89,2 99,9 99 93 100 

Inclusion 1+2+3+4 39,0 99,9 99 50      100 

Exclusion 1 + Inclusion 
1+2+3+4 

23,6 99,9 99 36 100 

Table 11: Accuracy measures of QWB supported query compared to manual query 

4.2.3.2 Comparison of manual and TRANSFoRm assisted syntaxes 
Four important points come out of this comparison. We learned that without the assistance of 

personnel from the data source involved, NIVEL primary care database in this case, a 

researcher is currently not able  

o to focus the search on practices from whom NIVEL primary care database has 

registration information (e.g. prescription or contacts) available for the whole year 

o to include only patients who were listed within a practice for the whole research 

period  (patients who visited the practice once will be included as well)  

o to focus on episodes of care (NIVEL primary care database calculates episode of 

care based on start and last-date of an ICPC code – the QWB can only use the 

start date, not the calculated variable ‘episode’). In NIVEL episodes are 

constructed based on the available data. So this is a derivative that is not in the 

original dataset itself 

o to include measurements/results that  are not defined as numeric values (in the 

manual query results, numeric values that were not defined as such were 

included).  

These findings reveal the need for good contextual provenance information regarding local 

data as described in DoW WT 6.3 and deliverable D10.1. The time periods in which patients 

are registered with specific practices and for which various types of data are available (e.g. 

medication) must be known and be usable by users formulating queries. These restrictions 
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should be known and applied by the platform to permit user modifications to the general 

query that is formulated: queries which would not satisfy these local restrictions should be 

flagged and the ‘failed’ data sources indicated. For now, the platform does not have this level 

of sophistication. 

4.2.3.3 Description of challenges encountered during the process of accuracy testing 
During the process of building the query using the QWB, a number of utility and usability 

issues were encountered.  They are summarized below.  

• The query workbench requires very specific inputs 

In general, to be successful in finding concepts, the QWB requires very specific inputs. This 

can be illustrated by two examples: one on prescriptions and one on laboratory tests. 

 

Prescriptions 

When entering search terms, you need to enter the exact match of what the GP entered in 

his EMR into the query in order to be able to select patients based on that criterion. In the 

data NIVEL primary care database receives from the GPs, mostly lower order codes, at the 

level of chemical substances (e.g. A10BB07 = Glipizide), from the Anatomical, Therapeutic 

and Chemical (ATC) classification are present since this is based on routinely prescribing 

information from GPs. When entering higher order codes, at the level of 

Chemical/Pharmacological/therapeutic subgroups (e.g. A10BB = Sulfonylureas) the lower 

order chemical substances are not automatically included in the QWB. So a researcher 

needs to use the lower order ATC codes and needs to make a very long query. This is a 

limitation and in an updated version of the vocabulary service, this needs to be more 

intelligent and take all lower order codes into account when searching for a higher order 

code. During the testing we limited the query to two chemical substances (Tolbutamide and 

Glimepiride). 

In addition, we found that not all Chemical Substances groups were available in the QWB. It 

was not possible to search with the term ‘Sulfonylureas’.  

Laboratory tests 

When looking for HbA1c, only the IFCC procedure codes could be found. Therefore, we 

limited both the manual and QWB query to IFCC. Looking for HbA1c codes with the DCCT 

procedure did give SNOMED CT codes, but not LOINC codes. In the NIVEL primary care 
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database, laboratory tests are coded with NHG codes which were mapped to LOINC codes 

during the TRANSFoRm mapping procedure. In the LOINC -> NHG mapping table, there are 

mappings for IFCC (59261-8 -> 2816) and DCCT (4548-4 -> 368). However, the DCCT 

codes cannot be found looking in the vocabulary service via the QWB. So it seems that for  

items which have been mapped before (as lab tests: NHG – LOINC mapping) you need to 

put in search terms used by the vocabulary service linked to the mapped codes (so IFCC to 

be able to find the right LOINC code for HbA1c testing with IFCC procedure). This is not user 

friendly. 

• Translation of QWB queries at the DNC 

In some specific areas the QWB has failed to follow the TRANSFoRm query model. Some 

queries have given incorrect answers because of this. For example, multiple but similar 

arguments have been provided to functions such as COUNT, and the negation flag has 

appeared in error on occasions. There are often superfluous logical operations that simply 

function as redundant parenthesis in query expressions, which make debugging of these 

situations burdensome. There are also instances of these redundant criteria not providing a 

logical operator in clear violation of the model. Fortunately, the DNC handles most of these 

issues, the others are reported in the logs. 
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5 USING TRUSTED THIRD PARTIES FOR LINKING  GENOTYPE-
PHENOTYPE DATA AT THE LEVEL OF INDIVIDUAL PATIENTS 

5.1 INTRODUCTION 

One of the functional requirements for the TRANSFoRm system was to foresee tools and 

processes to integrate study data from different databases (primary care and genomic ones) 

and countries  in a new temporary TRANSFoRm database at a safe location with linkage at 

the level of individual persons and study data. The aim of this being to assemble the 

collected study data in a useful way for further analysis by the researchers who requested 

these data to perform large scale epidemiological studies.  

To achieve this, data collected by different data sources will be brought together in a safe 

place, the safe haven. This is an institution/server that receives the requested data from the 

data sources and safely stores the dataset to which researchers can have access. To be 

able to link data at the level of individual patients, linkers (Trusted Third Parties), both 

national and international, are needed to manage identifiers, communicate with the 

databases and the safe haven. The safe haven receives linking information from the linkers, 

links data based on the unique pseudonyms provided and integrates variables from different 

data sources. 9 

 

5.2 DESCRIPTION OF TRANSFORM PSEUDONYMISED LINKAGE  

The linkage process overview described below was agreed by a team consisting of: ZorgTTP 

(Michiel Vlastuin), University of Dundee (Mark McGilchrist), NIVEL primary care database 

(Karin Hek), Parelsnoer initiative (Andrew Duffy and Erik Flikkenschild) and the University of 

Antwerp (Hilde Bastiaens).  

9 Linkage is the process of making it possible to bring data originating from different databases together at the 

level of individual patients: Integration is the process of bringing data from a single database or different 

databases physically together in one database in a coherent manner. 
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The aim was to link data from NIVEL PCD and PARELSNOER genetic database. Since they 

both hold types of BSN pseudonyms (BSN – is the national person identification number in 

the Netherlands), that were used to link data.  

Two data sources were involved (see appendices 1 and 14 for more details): 

• NIVEL PCDb, holding pseudonymised national patient numbers (BSN’) specific to 

NIVEL PCDb. These are permanent and held within the NIVEL database (referred to 

as ‘global pseudonyms) 

• PARELSNOER, holding the equivalent of BSN (pseudonomised national patient 

numbers (BSNs) (referred to as global pseudonyms) 

A national TTP (ZorgTTP, see appendix 15 for more information) and an international TTP 

(Custodix, see appendix 16 for more information) were also included to provide linkage and 

safe haven capabilities respectively.  

5.2.1 Requirements 

1. Within the proposed linkage methodology, global Pseudonyms of national patient 

numbers (BSN’) are not allowed to leave the data sources such as NIVEL PCDb and 

Parelsnoer, and are not accessible to third parties, with the exception of linkers 

(TTPs) 

2. The data sources are not allowed to receive pseudonyms which would enable them to 

link their data to each other without the help of a linker(TTP) 

3. Linkers never receive raw data from any source (with the exception of pseudonyms) 

4. Data received by the safe haven is not immediately linkable without the assistance of 

the user/researcher (mediated by the linker) 

The TRANSFORM middleware will be used for the encryption and transport of data since the 

transmission of raw data and aggregates is an integral part of the TRANSFoRm system. 

 

5.2.2 Dataflow and the general linkage process 

The general linkage process is multi-layered and is shown in figure 5. To support a dataflow 

and linkage process under the conditions described above, the permanent pseudonyms for 

each source (global pseudonyms, BSN’) are first converted to a new set of study-specific 

pseudonyms (BSN’’ in the figure). These new pseudonyms are provided to the sources by 

the linker on demand and applied to any data that is released by the source for the given 

study. Next, the data, indexed by these study-specific pseudonyms, are transported by the 
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TRANSFoRm system to the safe havenTTP (Custodix) operating as a safe haven. The data 

received by Custodix from multiple sources is not yet linkable since the source-specific-

study-specific pseudonyms need to be converted to a common pseudonym in a process 

known as terminal linkage. 

5.2.2.1 Global linkage layer at the sources  
Databases, such as NIVEL PCDb, receive encrypted data from general practice EHRs via 

ZorgTTP. This information comprises medical data and pseudonyms of national patient 

numbers (BSNs). (The original BSN are held only on the EHRs.) The medical data passing 

through ZorgTTP was encrypted at the EHRs and is not readable by ZorgTTP. However, 

ZorgTTP converts BSN obtained from the EHR into source-specific pseudonyms and 

provides these and the encrypted medical data to NIVEL PCDb. A similar process is used for 

Parelsnoer. This stage of the linkage process was already implemented prior to 

TRANSFoRm and is covered by existing governance arrangements. 

5.2.2.2 Study linkage layer 
For patients which are eligible for a study (as defined by a researcher), the data sources 

send their global pseudonyms (BSN’), via the TRANSFoRm Data-Node-Connector (DNC), to 

ZorgTTP who act as the study linker at this point. ZorgTTP (study-linker) converts the 

source-specific pseudonyms (BSN’A) to source-specific-study-specific pseudonyms (BSN’’A). 

Note that both the DNC and the ZorgTTP applications reside within the NIVEL PCDb data 

source and are not accessible to third parties.  

The TRANSFoRm DNC receives the global pseudonyms and study specific pseudonyms as { 

BSN’A ,BSN’’A } pairs. 

The DNC re-indexes the selected source data using BSN’’. This ensures that data from 

different studies are not linked with the same pseudonyms and the terminal linker (Custodix) 

cannot perform a final/terminal linkage without assistance from ZorgTTP. 

5.2.2.3 Data transmission to Safe Haven  
The TRANSFoRm DNC then packages both the data and BSN’’ and sends them to the safe 

haven (Custodix). This happens for all sources contributing to a final linked dataset. 

5.2.2.4 Terminal linkage layer 
Custodix has the role of Terminal Linker and Safe Haven within the TRANFoRm project.  
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The TRANSFoRm transmissions received by Custodix (as safe haven) consist of medical 

data and study specific pseudonyms (BSN’’) for each contributing source. The pseudonyms 

differ for each data source so they are not linkable by Custodix at this point.. 

Custodix, acting as the Terminal Linker and under the instruction of the researchers, uses 

the installed Privacy and Send Module from ZorgTTP to receive the tuples of study specific 

pseudonyms  {BSN’’A, BSN’’B, …) from ZorgTTP (the study linker). 

The terminal linker (Custodix) substitutes all the BSN’’ pseudonyms in a tuple with a final 

pseudonym T which can then be used by Custodix to individualise final data. 

 

 

Figure 5: Linkage process overview 

 

5.3 TESTING THE LINKAGE METHOD AND SUPPORTING WORKFLOW 

This linking exercise is a feasibility study, a proof of concept within the TRANSFoRm project. 

No clinical data is used. Only Year of birth and gender variables were exchanged. Testing 
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the linkage and workflow consists of 2 tests. In the first test, linkage of identical dummy 

patients in the two databases was tested based on 10 fictional patients that were added to 

both databases. In the second test, the clinical pilot, real patients within both databases were 

linked.  

The participating LUMC is based in in the city of Leiden (dataset of 330 people). In the 

NIVEL primary care database, only a few GPs from that region are represented. This limited 

the overlap we could expect in both databases (estimation prior to testing was less than 10 

patients). 
 

5.3.1 Test 1: Testing with 10 fictive patients 

5.3.1.1 The sources 
To test the procedure, 10 fictional patients were added to each data source (NIVEL PCDb 

and PARELSNOER). These sources were given identical {yearOfBirth,gender} pairs, but 

source specific global pseudonyms (BSN’). When the linkage method is applied we expect 

the resulting linked datasets {dataA,T} and {dataB,T} to match. 

Table 12 shows the fictional patients added to both databases. Since we need to differentiate 

these dummy patients within the source databases, a prescription with ATC code A10BB 

was added to allow these fictional patients to be selected in both sources. (Note that this is 

not the code of a specific drug and no other prescription data carries this code.) Also note 

that in the table 12 the BSN shown is not stored in either database, but only the source-

specific pseudonym BSN’ provided by ZorgTTP is stored in the database. 
 
Table 12: Fictitious personal information of 10 test patients 
ID Social Security Number (BSN) Year of Birth Gender Prescription 

ATC code 

1 993176896 1902 Male A10BB 

2 981105312 1918 Female A10BB 

3 934410720 1922 Male A10BB 

4 945830312 1938 Female A10BB 

5 954847562* 1941 Female A10BB 

6 904440151 1955 Female A10BB 

7 969561179 1967 Male A10BB 
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ID Social Security Number (BSN) Year of Birth Gender Prescription 

ATC code 

8 914330226 1971 Female A10BB 

9 968754740 1988 Male A10BB 

10 912319781 1995 Female A10BB 

 
Table 12: Fictitious personal information of 10 test patients 
* BSN not valid, to test validation in software. 

While NIVEL PCDb maintains a regular database for its data called HIS. A full copy of the 

NIVEL data was used for this testing. Parelsnoer also keeps its data in a specific research 

database. An Export of  Diabetes data for this test was created in the form of an Excel sheet. 

The {yearOfBirth,gender,Practice} set was therefore extracted from the spreadsheet and 

placed within an MS Access database, which could be accessed by the DNC and represent 

Parelsnoer for this purpose. 

5.3.1.2 The Queries 
 
A standard series of queries was generated on the TRANSFoRm query workbench to select, 

flag and extract patient data for these patients with a prescription for ATC code A10BB. 

These queries were received by the DNCs at both sources and processed to ultimately 

produce output files at the sources holding the gender and yearOfBirth data. This data was 

indexed by the global (source specific) pseudonyms (BSN’), 

 
5.3.1.3 Interactions with the linker 
 
The DNCs then requested ZorgTTP to translate the global pseudonyms within the data to the 

study-specific versions. This involved the execution of an application (PVM-Privacy and Send 

Module used by the source sending info) that transmited the BSN’ to ZorgTTP and then an 

email to the service desk to request the translation from global pseudonym to study-specific 

pseudonym. This process can take a few hours while the work is scheduled internally within 

ZorgTTP. The DNC, on receiving a confirmation email, executes another application (DRM – 

Module used by the receiving source) to retrieve the study-specific pseudonyms (BSN’’). 

The DNC then re-indexed the output data with the new pseudonyms. 
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The data were then transmitted to Custodix TTP for analysis using the TRANSFoRm 

middleware. There, Custodix followed the same process as the DNCs, executing PVM and 

DRM applications in succession to obtain the terminal pseudonyms (T) from ZorgTTP. 

The DNC then re-indexed the output data with the final pseudonyms {T}. Personnel at Custodix 

then took the two sets of output and confirmed a match through manual inspection. 

 

The process described above, where the DNC is involved with both databases for the study-

specific indexing, is the preferred option. However, for technical convenience in the case of 

Parelsnoer, the Parelsnoer DNC is not involved in this step. Instead, ZorgTTP translates the 

global pseudonyms in Parelsnoer into the study pseudonyms and applies them directly to 

Parelsnoer in advance, and so the DNC for Parelsnoer simply skips this step as it is already 

done. 

 

5.3.2 Test 2: testing with all data on the two data sources 

The second test used an identical procedure, except that the query created on the 

workbench did not include the restriction on a patient having a prescription for ATC code 

A10BB; a restriction of yearOfBirth > 1900 was used instead. The aim of this test was to 

determine the degree of overlap in the populations of the two sources. Since the sources still 

contained the dummy patients, a minimum overlap of 9 patients was expected. The overlap 

of real patients was expected to be small since in the region of the participating medical 

centre of Parelsnoer Initiative, only one GP practice of whom patient pseudonyms of the 

citizen service number required for linkage were available, participates in the Nivel PCD.  

Results 

An overlap of 11 was obtained in this second test: 9 dummy and 2 ‘real’ patients.  
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6 DISCUSSION 

TRANSFoRm has extended the body of knowledge in the design and execution of integrated 

epidemiological studies from distributed medical databases. This section provides insights in 

terms of key lessons learned, challenges encountered, advances made in this research 

domain and recommendations for future work. 

6.1 INVOLVEMENT OF DATA PROVIDERS 
Primary care and genetic data sources have shown willingness to participate in ICT 

supported large scale Phenotype-Genotype epidemiological studies but they need to be 
involved as active partners in the process. TRANSFoRm identified three different modes 
of involvement for data sources:   

• Technical connectivity.  Data sources need to be actively involved to achieve a 

stable integration within the TRANSFoRm data connectivity framework. Data Source 

Models (DSM) need to be developed, together with CDIM-DSM mappings in order to 

map the general QWB queries to the database-specific local queries. Furthermore, 

the Data Node Connector console for use by the local database manager needs to 

align with the existing data source tools and operational practices. To achieve this 

goal, some effort by experienced IT personnel is needed to provide local expertise 

and manage the deployment of TRANSFoRm tools. 

• Data quality information. Data sources need to provide sufficient and updated 

current contextual information so users can have a detailed insight in the data. Based 

on communication between data sources and users, researchers can gradually 

improve their understanding of the characteristics of the data. This is a continuous 

process which will improve the available contextual information leading to a better 

understanding of data semantics and quality (16). Finally, data sources need to 

enable the TRANSFoRm platform to compensate for variations in the use of database 

fields by data sources , to avoid resorting to Extract-Transform-Load processes and 

constructing temporary databases where data is found to be non-compliant. 

• Business and operational considerations. TRANSFoRm technology represents a 

potentially disruptive change to existing business practices of medical data providers. 

While these can lead to significant benefits, it is imperative that the existing workflows 

are well understood and recognized before implementing changes. Ethical approvals 

and data protection are ultimately the responsibility of the data sources, and they 
71 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

have to be actively involved in the decisions and processes relating to release of data 

to users.  

Data sources also need to find a business model to support making their data more 

widely accessible using standardized protocols. Data sources are becoming aware of 

the value of data they are collecting and considering ways in which they can extend 

their business models based on that data. 

6.2 ORCHESTRATION OF THE USE CASE 

The TRANSFoRm software supports the research workflow of clinical researchers from 

selecting patients to extracting data into a safe haven. T2D patient selection was found to be 

fairly accurate with a good specificity and negative agreement. A key aspect of the 

implemented workflow is that data moves directly from the source database to the safe 

haven (provided by Custodix in TRANSFoRm) orchestrated by TRANSFoRm secure 

middleware.  

An important aspect of this design is that sources actively decide to release the data via the 

Data Node Connector component, promoting local governance, as is required by most data 

sources. This enables data retrieval to incorporate elements of the local approval workflow, 

allowing the query to be checked against study approvals issued, including any ethical or 

regulatory constraints, and this can be performed automatically, but also manually, should 

that be required by the data source.  

A further point is that limited, study-specific patient data moves directly from the data sources 

to a safe haven where it becomes available for research via a secure hosted environment 

with study-specific access control. 

6.3 DATA LINKAGE 

Genotype-phenotype data from 2 different databases can be linked at the level of individual 

patients using the TRANSFoRm technology and external Trusted Third Parties (TTPs).  In 

addition, cross-database querying was possible at pre-linked  and pre- integrated data 

sources (as with GoDARTS). A next step would be to support this for data sources that are 

not pre-linked or pre-integrated since this would limit the amount of raw data that has to 

leave the data sources.  We recommend the use of local TTPs in collaboration with the 

TRANSFoRm platform since regulations differ between countries, and at this point in time, 

most data sources are already working with a specific TTP. 
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6.4 DATA TRANSLATION AT SOURCE 

One of the core technical decisions made for TRANSFoRm query execution was to translate 

the queries at the local data source sites rather than at the workbench. The translation of a 

general query to a local equivalent could have been handled more easily by an external 

semantic mediation service as in some of the other use cases. However, this would have 

meant the DSM being held in that service, external to the data source, potentially allowing 

others a view of a proprietary data model for the repository. There is the potential for a data 

source to reject connection to the platform while this risk exists. 

Translation of the queries at the local data source, resulted in a more involved installation 

procedure. During installation, critical issues were noted in relation to the underlying source 

databases themselves.  

With respect to data quality, it was not uncommon to find database fields to be abused, 

particularly with string fields where significant syntax variations were often noted. This has 

important consequences as the local equivalents of the archetypes within the TRANSFoRm 

query model are, for most clinical repositories, SQL queries with constraints. Thus, resulting 

SQL queries would occasionally fail in the presence of some syntax variations, and not return 

the requested data. An example of this was a syntax variation in the numbers reported for 

glucose measurements in the NIVEL database, which meant that no glucose data was 

forthcoming until the issue had been resolved. The chosen solution by NIVEL personnel, 

involved making a separate copy of the database field with the variation removed. Given 

TRANSFoRm’s mediation paradigm this is not a desirable solution and does suggest that the 

underlying data access mechanism requires modification to permit these kinds of variation to 

be present, with the business logic compensating for any problems present in the data. 

6.5 TRAINING REQUIREMENTS 

TRANSFoRm’s approach of creating a generic query using the Query Workbench (QWB) 

requires the selection of archetype templates for data access, which are subsequently 

parameterised with dates, physical values and codes from clinical classifications. A number 

of these archetypes are then bound together with suitable boolean and temporal logic 

constructs to create a full query. The selection of archetypes was straightforward and 

presented no difficulties and there is a useful list to choose from including date-of-birth, 

diagnosis, medication, laboratory test, SNP call, etc. However, the extensive nature of 

TRANSFoRm terminology service and keyword-based search meant that it was difficult on 

occasions to identify an appropriate code for defining the data of interest. For example, when 
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searching for HbA1c measurements, researchers could only locate a LOINC code for IFCC 

format (mmol/mol) and were not able to locate a similar code for the DCCT data 

(percentages). The data sources encountered held both types of measurements and hence 

the completeness of the requested HbA1c data was impaired. It is very important to know, at 

the workbench, that all relevant codes have been found.  This is an unresolved issue. 

The decision to expand code selection at the workbench, although correct, created a further 

practical difficulty since the underlying UMLS resource used for the terminology service did 

not permit expansion of selected classification codes. For example, the ATC code A10BC 

(sulfonamides) could not automatically be expanded at the workbench to include the other 

ATC sub-codes, forcing researchers to select these codes individually. Code expansions are 

important as they ensure simpler mappings to the local codes used at the data sources. 

The execution of generic queries at the data sources required configuration of platform 

resources by local personnel. Mappings must be provided between the codes used on the 

QWB and those held in the local database. It is clear that this process is not well understood 

by all local personnel of the involved databases: their understanding of local codes was not 

necessarily complete, and where it was the relationship to the workbench code was not 

readily understood. Again, the use of two data formats for HbA1c presents a good example, 

with often only one mapping being provided as only ‘recent’ data was considered, excluding 

older data. Also, with code expansion at the workbench it was essential that code mappings 

are complete and this was often not the case. 

These problems are not restricted to TRANSFoRm, but are indicative of a wider need for 

improved training of both the research and clinical informatics community in the various 

classification systems and mapping processes. 

6.6 COMPARISON TO RELATED EFFORTS IN EHR4CR 

It is instructive to compare the work done in this TRANSFoRm use case with similar efforts in 

the IMI EHR4CR project (www.ehr4cr.eu). Although the latter sources its data from hospital-

based clinical repositories, the tools, services and methods of the EHR4CR application have 

the same objectives as the TRANSFoRm epidemiological study use case, but deliver them in 

a different manner.  

Both applications use workbenches to specify eligibility criteria for an RCT and execute these 

criteria against one or more clinical repositories to yield counts of eligible patients. The 

generic query produced by both workbenches and distributed by middleware for execution is 
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very similar, using an event-based query model with Boolean and temporal logic surrounding 

elements defining data access. TFP does appear more flexible in respect of the latter since 

these elements are provided by archetype model templates held as a library of templates in 

store by the workbench, whereas E4P generates these elements in software at runtime. 

Element additions to E4P would require software changes, whereas TFP would author new 

templates. Both constrain their respective data access elements with a variety of user inputs 

including event date restrictions, value restrictions and code restrictions from selected 

classification schemes. 

Queries for both platforms are delivered to data sources in an identical manner by their 

respective middleware. In both cases, sources are explicitly selected, usually based on some 

prior knowledge of the sources and the kinds of query they will support. However, in 

principle, both platforms can request execution against all sources with some not returning 

patient counts where the relevant data is not present. 

The platforms do, however, behave differently with respect to query execution at source 

databases. These differences are mostly related to the data access elements. There are four 

aspects to this: (1) mapping of codes from those specified on the workbenches to the local 

codes held in the databases; (2) translation of the data access elements to local equivalents, 

e.g. SQL in the case of most repositories; (3) application of constraints whether coded 

values, ordinal or physical values; and (4) interactions between temporal and data access 

constraints. 

In both TRANSFoRm and EHR4CR, mappings are stored locally and used locally at 

execution time, although they are prepared differently. In EHR4CR this has been done by 

data source personnel using tools for definition, submission and management of mappings. 

Within TRANSFoRm, project partners prepared mapping definitions with the assistance of 

data source personnel and installed these in local, platform database structures available to 

the semantic mediator component of TRANSFoRm, which is deployed locally for this kind of 

application. A particular point to note is, that with EHR4CR, code expansion is performed on 

the local codes at the data source (using the mapping tools) and not at the workbench 

against the workbench codes as with TRANSFoRm. 

TRANSFoRm query involves translating an archetype embedded within the query structure 

into its SQL equivalent, referencing the relevant database tables and fields. It uses a general 

algorithm, performed by the semantic mediator service, that takes the grouping of ontology 

concepts bound to the archetype, maps these to their individual database tables and fields 
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and produces a SQL select statement consisting of zero or more SQL join clauses. This 

algorithm has occasionally failed with certain database structures, necessitating a change in 

CDIM-DSM mappings. EHR4CR in contrast performs a straight one-to-one mapping between 

its data access element and a SQL statement which is guaranteed to execute. This mapping 

is held in a configuration file for the data source end-point software component and is readily 

defined. This simple mapping is not in any way inferior to TRANSFoRm’s methodology for 

the (feasibility) application under discussion: the transformation of the TRANSFoRm 

archetype to the SQL statement always yields statements with the same structure and could 

quite readily be replaced with a simple mapping. 

As with data access, TRANSFoRm and EHR4CR behave quite differently with respect to the 

application of constraints. In TRANSFoRm, constraints are applied after the code mappings 

have been performed, as the mapped codes become part of the constraints in the where 

clause of the SQL statement. It is important to note that the application of these constraints is 

done entirely by the local database engine and not by the logic of the data node connector. 

This results in good execution runtimes, but does run risks in relation to platform data 

compliance. For example, string fields may well contain unintended syntax variations which 

cause failure of the SQL query. This does not result in the loss of individual records where 

this occurs, but the failure of the entire query. Most data sources are aware of these internal 

quality issues and modify their queries accordingly, but TRANSFoRm does not have this 

option. Where these issues have been encountered, e.g. with glucose values in data 

available from NIVEL, new fields have been created with the syntax variations removed. This 

is essentially an ETL process, which TRANSFoRm sought to make redundant. EHR4CR 

applies its constraints, including the mapped codes, in the logic of its end-point software 

component. Here, the SQL statement is simply used to read the raw data from the database 

without any constraints and therefore cannot suffer from execution failure. Mapping and 

modifications of data values is performed by the software, which also maintains statistics on 

the compliance and quality of the data that it processes. These quality statements can be fed 

back to the workbench. It is assumed that this method would result in increased execution 

times since all the data for a particular set of tables is read, but this does not have to be the 

case. Caching by the end-point software and contiguous placement of data in the databases 

may still result in competitive runtimes. 

TRANSFoRm does not perform unit conversion. This has not affected the use case 

evaluation since the data criteria did not require this facility to be present. In the evaluation of 

EHR4CR two databases models were used: the native EHR4CR clinical warehouse model 
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and i2b2. EHR4CR did invoke unit conversion when dealing with i2b2 warehouses that pre-

existed. The native warehouse specified UCUM for unit representation with site ETL 

processes making the conversion. 

With regards to the interaction between temporal and data access constraints, TRANSFoRm 

does not permit these, while EHR4CR does. For example, if we wish to identify the most 

recent glucose value that is above 5.5 mmol/l then both platforms can do this. TRANSFoRm 

applies the constraint in the translated SQL statement and this produces a list of glucose 

values as events from which the most recent one is chosen. EHR4CR does the same, but 

entirely within its own software logic. The difference between the two approaches becomes 

relevant if we introduce a criterion that the most recent glucose value is above 5.5 mmol/l. 

TRANSFoRm cannot perform this constraint since it would require the most recent value to 

be identified first and then have the value constraint applied. EHR4CR does not depend on 

the SQL result as the first step, and thus can implement this type of query. 

TRANSFoRm’s methodology has potential advantages over EHR4CR in terms of 

applications in which there is a significant number of data access elements. In TRANSFoRm, 

these are defined in model terms and are easily extended. But the principle advantage is 

when these are defined dynamically in applications that use ontologies and terminologies as 

their sole source of variation. In these applications, combinations of ontology concepts would 

be generated along with coding constraints to dynamically generate archetypes which are 

then embedded in wider query structure. EHR4CR does not have this possibility. 

However, it is clear that some features of the TRANSFoRm methodology need strengthening 

or in some cases changed. The general query algorithm must be investigated further through 

more examples of data source models and shown to be resilient as well as feasible. 

Secondly, the use of constraints within the archetype needs reviewing so that a wider range 

of queries are possible. Thirdly, unit conversions should be included in any future 

development. Finally, a shared approach to mapping processes, tools and training between 

TRANSFoRm and EHR4CR would be beneficial for both communities. 

6.7 CHALLENGES REMAINING 

As with any project of this scale, TRANSFoRm identified novel challenges that will inform our 

future work with the technology. Following the completion of the project, the lessons learned 

will be applied to the next iteration of the platform, at which stage a full comparison with 

standard practice and an economic analysis will need to be conducted. 
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The TRANSFoRm project aimed to develop software that facilitates conducting large-scale 

genotype-phenotype epidemiological studies.  No real genetic data was available or usable 

for the evaluation studies except for Scotland. However, a proof of concept of linking 

phenotype and genotype data at the level of individual patients was successfully developed 

and tested in the Netherlands. The Scottish data was used successfully, having originated 

from an already joined and integrated database. 

The delays in developing integrations with individual data providers forced the data 

extractions to become a sequential process, with each database processed, as became 

available. This was partly due to the novelty of the TRANSFoRm approach, and the need to 

integrate its tasks into the data source’s business and operational policies, and partly due to 

technical challenges of integrating the wildly heterogeneous data stores and their knowledge 

representation schemas. The difficulties encountered and the solutions devised, pointed 

towards a method for integrating data sources, which will be the subject of a future 

publication. 

At the start of the validation process, initial user experiences uncovered a number of usability 

issues with the Query Workbench software, in terms of the user workflow, conceptual 

understanding and the quality of the training material. This triggered an iterative refinement 

process, resulting in a more robust and usable tool and documentation, with the final user 

experiences being positive. 

The Data Quality Tool was developed early in the project, and prior to all other data sources 

being available, with only NIVEL metadata being present inside the DQT. Thus, this 

functionality was not used for the remainder of the use case. 

The final TRANSFoRm software for epidemiological research is a usable prototype with 

limitations as described above. Its main contribution is that it achieved an end-to-end solution 

for conducting epidemiological studies in a distributed heterogeneous data space, and 

addressed the areas that any such generic solution will need to consider.  

 

 

 

 
 

78 

 



 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

7 SUMMARY AND CONCLUSIONS 

The validation and evaluation studies were done at 4 locations (Netherlands, Belgium, 

England, Scotland) using 6 data sources. Three primary care phenotype data sources 

(NIVEL Primary Care Database Netherlands, Intego Belgium, CPRD/Dataline England), 2 

genotype data sources (Parelsnoer Netherlands, UZA Genetic database Belgium) and one 

integrated genotype-phenotype data source (Go-DARTS Scotland) participated.  A local 

Trusted Third Party (ZorgTTP Netherlands) and a Safe Haven (Custodix Belgium) were also 

involved.  . 

The evaluation studies demonstrated that an authorized clinical researcher, using the 

TRANSFoRm software, is able to complete the process from querying a database, to submit 

a data extraction request, and to view the study data in a safe haven.  Accuracy 

measurements of queries built and run via the QWB, showed good and stable specificity 

(99%) and rather good sensitivity (89%), except when more than 3 criteria were included. 

Data moves directly from database to Custodix orchestrated by TRANSFoRm middleware, 

and sources actively decide to release the data. We demonstrated that genotype-phenotype 

data from 2 different databases can be linked at the level of individual patients using the 

TRANSFoRm technology and external Trusted Third Parties. We understood the usability 

factors of the QWB interface (front end) and ended up with a usable prototype (technical 

readiness level  7). A number of recommendations for the future could be made: a 

requirement for training of database personnel and clinical researchers; and a proposal to 

refactor the software; and active involvement of the data sources at the level of technical 

connectivity, data quality, and business operations. Data sources need to be involved 

permanently to achieve integration between the TRANSFoRm system and the database so 

that data can be routinely extracted, in line with the Learning Health System vision. We found 

that clinical research users and data source controllers see potential in the TRANSFoRm to 

support large scale epidemiological studies: a European-wide, cheaper, quicker search for 

data directly at the desk of the researcher. The main concerns to address in future work are 

the context in which data are generated (contextual provenance) which is a challenge for, 

and limitation of, the use GP data. This contextual provenance of the data needs to be 

explicitly implemented. 

Going forward, the challenges encountered and lessons learned, require to be acknowledged 

in new programs  in order to define the next steps for exploiting the potential of primary care 

data, particularly when combined with genetic data, to learn more about common conditions 

such as T2D and to support personalized medicine (17).  
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APPENDIX 1: NIVEL Primary Care Database 
 
NIVEL Primary Care Database (http://www.nivel.nl/en/dossier/nivel-primary-care-database) is 
a longitudinal primary care database. Anonymized routinely registered primary care data is 
collected in this database to monitor health and health care utilization in a representative 
sample of the Dutch population. Participating health care providers are general practitioners, 
primary care psychologists, physical therapists, exercise therapists, dietitians and GP out-of-
of-hours services. These data are combined and supplemented with information about 
pharmaceutical care and secondary level care collected by other organizations. Participating 
health care providers receive periodic feedback, that enables comparison with their peers.  
For this study we used data from general practitioners. Currently, more than 500 general 
practices with approximately 1.6 million listed patients, participate in the NIVEL Primary Care 
Database. Data comprises information on consultations, morbidity and prescriptions. 
Participating general practices are representative for all Dutch general practices with respect 
to type of practice, geographical distribution and degree of urbanization. In addition, patients 
listed at participating practices are representative of the Dutch population regarding age and 
gender. 
Dutch law allows the use of anonymised or pseudonomised extracts of electronic health 
records for research purposes under certain conditions. According to Dutch legislation, 
informed consent nor approval by a medical ethics committee is obligatory for this kind of 
observational studies if certain conditions are fulfilled (Dutch Civil Law, Article 7:458; 
http://www.dutchcivillaw.com/civilcodebook077.htm). All research done using data from the 
NIVEL Primary Care Database requires approval from a board of representatives of national 
associations of health care providers.  
 
  

83 

 

http://www.dutchcivillaw.com/civilcodebook077.htm


 TRANSFoRm FP7-247787           D1.2 Final validation of the feasibility of TRANSFoRm to deliver the genotype-phenotype study 

APPENDIX 2: Summary of DNC installation and mapping issues as detailed by the 
controller 
 
The DNC is not easy to install 

• Different components need to be installed and work together 
• Multiple files (properties, sql, Windows BAT files…) need to be configured 

 
The documentation is not complete 

• Firewall considerations missing in documentation 
o Could interfere with company (e.g. hospital) policy  

• Documentation for the LexEVS installation was missing in the initial manual 
o Was added in the first revision 

• DNC needs specific folder structure, but was not described 
o Perhaps a configurable folder structure is preferred 

 
Mapping issues 

• Needed frequent feedback from the program logs to get mapping right 
• Time consuming: presumably biggest bottleneck of the installation 

 
DNC runtime issues 

• Doesn’t keep running automatically 
o Run.BAT files need to be restarted periodically 
o MySQL timeouts 

 Solution: let program reconnect periodically 
o Transform servers are sometimes unreachable (Query WorkBench, 

Middleware…) 
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APPENDIX 3: Intego DSM and queries 
 
Relation Schema for Intego database 

 
Testing queries run on Intego 
 
Count and flag query 
[QWB: Study 161, protocol 262, count query v9] 
DateOfBirth < 31/12/1992 
and 
Diagnosis of ‘diabetes mellitus’, date of diagnosis < 31/12/2011 
and 
(‘sulphonylurea (SU) prescribed’ 
   Prescribed ‘tolbutamide’, Rx date between 1/1/2011 and 31/12/2011 
   or 
   Prescribed ‘glimepiride’, Rx date between 1/1/2011 and 31/12/2011 
) 
and 
(‘HbA1c at most 6 months before first SU’ 
 
   Initial events, first occurrence of 
   (‘sulphonylurea (SU) prescribed’ 
      Prescribed ‘tolbutamide’, Rx date between 1/1/2011 and 31/12/2011 
      or 
      Prescribed ‘glimepiride’, Rx date between 1/1/2011 and 31/12/2011 
   ) 
   Comparison events, occurred at most 6 months before 
   ( 
      Laboratory test HbA1c/IFCC 
   ) 
 
Data extraction test query 
[QWB: Study 161, protocol 262, data extraction query ID 50, v1] 
DateOfBirth 
Gender 
Laboratory measurement type (as local code) 
Laboratory measurement value 
Laboratory measurement unit (as local value) 
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APPENDIX 4: GoDARTS native warehouse model and queries 
 

 
Figure 2 – EHR4CR native warehouse relational schema for the TRANSFoRm GoDARTS database showing major 
tables and dependencies. Subjects have procedure, observation and administration events, which are associated 
with organisational encounters. All coding is kept in a separate table, which supports multiple coding systems. 
 
Testing queries run on GoDARTS 
Count and Flag test query 
[QWB: Study 162, protocol 283, count query v4] 
Diagnosis of ‘diabetes mellitus’ (ICD10::E11, date of diagnosis < 
31/12/2011 
and 
Laboratory test HbA1c/IFCC (LNC::59261-8), between 1/1/2010 and 31/12/2014 
and 
(‘SNP result available for rs7903146’ 
   Laboratory test rs7903146 (OMIM::602228.0001), finding 
SNP_STATUS::Reference 
   or 
   Laboratory test rs7903146 (OMIM::602228.0001), finding 
SNP_STATUS::Heterozygote 
   or 
   Laboratory test rs7903146 (OMIM::602228.0001), finding 
SNP_STATUS::Homozygote 
) 
 
Data extraction test query 
[QWB: Study 162, protocol 283, data extraction query ID 51, v1] 
Gender 
Laboratory measurement type (HbA1c/IFCC as local code), between 1/1/10 and 31/12/14 
Laboratory measurement value, > 53 mmol/mol 
Laboratory measurement unit (as local value) 
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APPENDIX 5: CPRD/Datalines count and flag query 
 
Count and Flag test query 
 
[QWB: Study X, protocol Y, count query vZ] 
(‘Stack 1’ 
   Diagnosis of ‘diabetes mellitus type-2’ (ICD10::E11) 
) 
and 
(‘Stack 2’ 
   Prescribed ‘Metformin’ (ATC::A10BA02) 
   or 
   Prescribed ‘Insulin’ (ATC::A10AB, A10AC, A10AD, A10AE) 
) 
and 
(‘Stack 3’ 
   Laboratory result ‘HbA1c/DCCT’, value within 6.5% and 10% 
   or 
   Laboratory result ‘HbA1c/IFCC’, value within 47.5 and 85.8 mmol/mol 
) 
and not 
(‘Stack 4’ 
   Diagnosis of ‘diabetes mellitus type-1’ (ICD10::E12) 
) 
and not 
(‘Stack 5’ 
   Prescribed ‘Insulin’ (ATC::A10AB, A10AC, A10AD, A10AE) 
) 
and not 
(‘Stack 6’ 
   Diagnosis of ‘Acute renal failure’ (ICD10::N17) 
   or 
   Diagnosis of ‘Renal failure unspecified’ (ICD10::N19) 
   or 
   Diagnosis of ‘Chronic renal failure’ (ICD10::N18) 
) 
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APPENDIX 6: Focus during the QWB interface testing 
 

Overall impression 
• How do they perceive the overall concept of the interface?  

Navigation and orientation 
• Do the users understand how to navigate the interface? 
• How easy is it for them to navigate through the system? 
• Can they keep an overview of where they are/what they are doing? 

Efficiency 
• How easy is it for users to execute the given tasks? 
• Do users succeed in performing the main tasks (as described in the scenario) 

within the given time frame? 
Feedback and messages 

• Is the information provided in the UI helpful to use the system? 
• Are error messages helpful? 
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APPENDIX 7: Main QWB working screen and basic steps for the researcher to look for 
specific variables 

 
Figure: screenshot of the main working screen of the QWB 
 
Steps: 

         You choose a CDIM concept when clicking on ‘prescription’ or ‘diagnosis’ or…. 
         Then you enter a clinical term and the system looks for UMLS concepts 

related/corresponding to that term you entered 
         In a list you get different UMLS terms (e.g. term of researcher is ‘angina’, you get 

different UMLS concepts as’angina pectoris’, ‘Mononucleosis’, …. 
        In another list shown at the same time, you get the corresponding concepts of 

different classifications (and terminologies as SNOMED CT) linked to the UML S 
concept you choose 

• You select the UMLS concept of your choice 
        Then the DNC ‘chooses’ the corresponding concept of the classification used by the 

databases you want to query And/Or translates those into the database 
terminology/classification if it is not a standard one (as NIVEL PCDb) 
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APPENDIX 8 : Usability testing themes, subthemes, codes 
 
Overview of the themes and subthemes of the usability testing 

 Technical issues 
o Access and logon problems to QWB, Safe haven and middleware servers 

 Servers not running (e.g. QWB, terminology, provenance) 
 Not being able to log in because of security settings browser 

o Compatibility of QWB with different browsers/versions 
o Bugs 

 Information content 
o Items that are not explained clearly (e.g. ‘user roles’, ‘provenance’) 
o Limited or wrong information (e.g. description of the content of the available 

databases) 
o Labeling that could be clearer (e.g. ‘define eligibility criteria instead of ‘change 

eligibility criteria ‘) 
 Navigation issues 

o Unclear where or how to perform specific tasks  
o Unclear how to move back to the previous screen (or whether back button may 

be used) 
o Un-logical (order of some) steps  
o Orientation difficulties (‘Where am I?’) 

 Interface screen and overall lay-out 
o Font, color, style, place of text and buttons 
o  Positioning of information on the screen 
o Communication with user  

o Style (e.g. no welcome screen) 
o Supporting information(e.g. no flowchart, no indication of waiting time 

for queries) 
o Cumbersome processes and steps (ticking boxes instead of deleting prefilled 

boxes, double entering, too many titles needed,  …) 
 Understandability  

o Understanding how to build a query 
o Understanding terms (e.g. UMLS) and processes (e.g. when to /or not tick the 

unit box of an item) 
o Using concepts (terminology issues) 

o Not clear which words (=UMLS terms) to enter in the category box to 
find what is needed 

o Not clear which term (UMLS) to choose from the list 
o Missing codes or not available at higher order grouping  (e.g. ATC 

codes) 
 

o Error messages that are unclear/not detailed enough  
o Black box working (‘What am I doing, is it correct?’)  

 
Full codebook of the Usability testing study 
Themes 

• Technical issues 
• Information content 
• Navigation 
• Interface-screen lay-out 
• Understandability process of building queries 

o Building queries 
o Concepts 
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Technical issues 
o Logon/access problems QWB, Safe Haven, Middleware components 

 Servers not working (QWB, terminology, provenance) 
 Security issues with browser 

o Compatibility QWB with certain browsers 
 Not able to define eligibility criteria on some computers 

o Bugs 
 When a criterion was changed in a query it could not be saved 
 Deleting a single event caused deletion of all single events 

 
Information content 

o Items that are not explained clearly 
 Logon screen: ‘do you need to tick the box?’ 
 Main page: ‘Study specific role’? 
 Meaning of symbols not clear(the pencil symbol ) 
 Building a query 

• What is flagging? What does this mean? Why do is this 
needed? 

• Single event? 
o Limited or wrong information 

 No introduction 
 Is there an autosave function? 
 Content on UZA database is limited 
 NIVEL PCDb seems to have genetic data (mentioned on info page 

NIVEL PCDb) 
o Labels that could be clearer 

 ‘Change eligibility criteria’ → ‘define eligibility criteria’ 
 ‘Edit study’ when you did not even started a study  
  ‘databases’ button → ‘information on databases’ 
 ‘Single event’ → ‘I would like to see a term that guides me to the Data 

fields, which are available’ 
 ‘Diagnosis made’ →  ‘diagnosis’ 
 ‘Category type’ →’ diagnostic category’ 

 
 
Navigation issues 

o Unclear where or how to perform specific tasks 
 Where 

• Finding information on datasources 
• Creating a study protocol 
• Defining inclusion criteria 
• Adding exclusion criteria 

 How 
• Change a database 
• Define the age of onset of diabetes as an exclusion criteria 

(This is not given as an option on the screen marked: enter 
event information) 

• Problem with ages - would you have to re-enter dates each 
time you do the search 

• How to submit a query 
o Unclear how to move form screen to screen because back button not 

found/not clear whether it works 
o Un-logical processes 

 New protocol as third in list while need to do that first 
 Use of QWB is not intuitive 
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o Knowing where you are is difficult 
 Query is not visible in total 
 No overview 

 
 
Interface/ screen layout 

o Fond, color, style, place of text and buttons 
 Fond is too small (‘look like error messages’) 
 Exclusion part is red – gives the impression that it is ‘wrong’  
 Codes - top level should be in bold 
 Safe button 

• Needs to be larger and more clearly visible 
• At every page - Top and  bottom of the page 

  Double info main working screen and left column 
o Info-screen alienations: Total query is not visible on one screen (‘You need to 

keep the structure of the whole query in  your head’) 
o Communication with the user 

 Style 
• No please, thank you,… 
• No introduction, welcome 

 Supportive information 
• Query result screen: Time indication on when to receive counts 

would be useful 
• Missing info on use: no flowchart, no progress screen and 

choice options at the main screen (‘ I have no idea where to go 
on this page’)  

o Cumbersome processes and steps 
 Too many steps 

• Change ‘AND’ – ‘OR’ in eligibility criteria is difficult (too many 
steps) 

• Before submitting the query you need to deselect all databases 
but the one you need – would be more user friendly to select 
the one you need 

• When building the query there is too much clicking fields open ( 
you always need to ‘click parts open before you can proceed 
using the arrow – this is confusing – ‘I would like 1 popup with 
title, single event, comparison, all in one view and not to have 
to click open too much’) 

• Need to click save button too much 
o Automated saving  only after 5 minutes 

• There should be a simple button asking for additional search 
criteria to direct you to a date before prescription option. 

 Re-entering/double entering 
• It is cumbersome to have to f.i; put in 2 times blood glucose in 

the extraction query if you want both units in the query – would 
be good if you could just mark both units in one step 

 More drop down lists (e.g. recruitment method) 
 Too many titles need to be put in 
 Before submitting the query you need to deselect all databases but the 

one you need – would be more user friendly to select the one you 
need 
 

 
Understandability of system’s instructions and error messages 

o Understanding how to build a query 
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  ‘Building the query is translating human language in computer 
language’ –‘too much arithmetic formula’ 

 Single, count, compare events: what to choose?  
 How to add another category to a container ( clear sign needed)  
 Not clear how to add query HbA1c 6 months before starting sulphonyl 

urea - complex 
 How to add date requirements for the HbA1c 
 How to define the age of onset of diabetes as an exclusion criteria (is 

not given as an option on the screen marked: enter event information) 
  How to add exclusion criteria(nothing on the screen to direct me to the 

option) 
 Need of  a worked example 

o Understanding of terms and processes 
 New container for each criterion?  
 Height measurement: not sure when to mark the unit part and when 

not 
 ‘umls’, ‘atc’: terms not known to all researchers 
 Codes (= in terminology/classifications are in different languages 

which is confusing) 
 Term ‘archetypes’ under the info button is confusing and not 

understood 
o Error messages that are unclear 

 If query is not ‘accepted’ you get an error message (‘query error’) 
without an indication which part of the query is wrong – it would be 
good to know what to change 

o Black box working (‘What am I doing, is it correct?)  
 Using AND en OR and the different layers (‘what Am I doing? Is it 

correct? No idea what I have done now’) 
o Terminology server issues 

 Not clear which words (=UMLS terms) to enter in the category box to 
find what is needed 

• ‘you need to know upfront what to enter in the ‘concept’ box 
and then you need to know how registration was done at the 
database/datacollector side’ 

• Sulfonylurea: not found– not able to find when looking with ATC 
,  

• blood glucose’ is not found – ‘blood suger’ is 
 Not clear which term (UMLS) to choose from the list  

• Not clear whether it is needed to select database specific 
codes 

• Not sure which code to select for ‘blood glucose’ 
• ‘diabetes type ‘ –what to choose? 
• HbA1c:  which one to select?  - 15 diff options , need a 

hierarchy 
o couldn't find code for sulphonyl urea, glial azide 13 

different options, need a top level code 
 Missing codes or not available at higher order grouping  

• ATC should be available at higher order 
• ‘diabetes’: ICPC 1 code is not in the list 

 
Specific remarks on data quality tool 

o Not knowing how to  set criteria 
o % of practices: use both R and L- use wrongly 
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APPENDIX 9: Changes made to the QWB during the usability testing 
 
 (based on discussions during Warwick meeting and feedback Vasa and Chris on problems 
in document called ‘T2D_Validation user comments annotated’) +London meeting 27 April  
1. Fixing and adapting test version to secure version 2 

a. Technical issues 
i. Indicating of best browser to use for QWB (Chrome)  
ii. Automatic saving time shortened 
iii. Adding a safe button when queries are changed 

b. Information content issues 
i. Changing labels as suggested by users 
ii. Update information on available data sources 
iii. Providing more information messages on procedure and potential waiting 

time after submission  
c. Navigations issues 

i. More prominent save button + adding save button at the bottom of the 
page 

ii. Add a ‘back’ button 
iii. Drop down menu for OR/AND to make it more clear and usable (changing 

asked for multiple steps previously) 
iv. Re-ordering list of activities into an order congruent with the different steps 

needed to go from protocol to submitting an extraction query 
v. When submitting a query to a data source provision of a list to select one 

data source (instead of deselecting all others) 
d. Interface screen and overall lay-out issues 

i. Increase fond 
ii. Add a start button and an introduction to the first screen 

e. Understandability 
i. Renaming/rewriting of some very technical information 
ii. Adapting time to country (initially onle UK time was forseen in overviews of 

building and submission times of queries) 
2. Further improvements in secure version 3 (after London meeting 27 April) 

a. Updated terminology service  
i. Restrict terminologies to a small set of standards  ( ICD10, ATC and 

LOINC) in query design (They are mapped to source via local mappings) 
b. Adapted workflow and lay out for looking for concepts and codes  

i. User can opt to only work with the restricted terminologies 
With these changes, most of the following categories of usability problems were addressed: 
Technical issues, Information content, Navigation issues, Interface screen and overall lay-
out, understandability. A number of problems were also addressed by improving the training 
of the participants: 

• Interactive training module via Skype between teacher (developer of QWB or 
principal investigator T2D use case) and participant instead of providing a manual 
and teaching video’s. 

• Provision of a worked out example of building a query 
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APPENDIX 10: Themes and subthemes of user experience 
 
Training 

o Video: different views  
 Gives a good overview 
 Comments on lay out/technical issues 

• Small fond = difficult to follow 
• Too much silences, too long, to slow 
• Poor quality 

 Comments on content: Too much attention to basic screens and not 
enough on query building 

 Suggestions 
• Integrate pieces of the video into the QWB at the different steps 

in building the query 
• Make the video more active with assignments   

o Manual: different views 
 Difficult to read 
 Useful to have during the testing 
 A clear example is lacking 

User interface design issues 
o Mixed views on colors, boxes 
o Not too overloaded = good 
o Use more  ‘common’ language (‘distributed infrastructure’, ‘flag’) 
o Not intuitive, number steps, more guidance 
o Left / right column (both counts, flag, extract): difference? 

Query building issues 
o Difficult logic 
o Ambiguity of query results: how does your query turns out? ‘Getting results 

without knowing how they were generated’  
o Which concept to choose? 
o In building the query, you have a lot of steps and a lot of opportunities to make 

mistakes – you will need a good help-desk! 
o product will have to be much more user friendly if it is designed for 

widespread occasional use as opposed to quite restricted use by a few people 
who will use it a lot and get to know it very well’ 

o Ease of use will increase with practice 
Concerns: Reliability of results/quality of data n – role of databases - security 

o Lack of information (country, setting, …) 
o Secondary use medical data: ‘first prescription’ (housecalls, hospital?) 
o Not enough information on data sources available 
o ‘People think they get good data but do they? = danger’ 
o Security must be thrustwordy 
o Balance ‘use of data’ and ‘acknowledge data collectors’ 
o Will always need the database controllers to talk to – they know their data 

Potential of the QWB and wider TRANSFoRm platform for research 
o Could be used as platform to group data from one study in different countries  
o Potential to get more data quicker  and cheaper – ‘fantastic if you can trust the 

results’  
o Potential when you need a lot of data ‘I see the potential for research and big 

data’ 
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APPENDIX 11: Two by two table 
 

    
  Manual query 

(reference standard) 
 

Inclusion 
criteria* met 

Inclusion 
criteria* not 

met 
 
TRANSFoRm 
assisted query 

Inclusion 
criteria* met a b a+b 

Inclusion 
criteria* not 

met 
c d c+d 

 a+c b+d a+b+c+d 
Table 9: Two by two table 
 
* Sensitivity and specificity and will be described successively for each additional inclusion and 
exclusion criterion added 
 
Sensitivity = a / (a+c) 
Specificity = d / (b+d) 
 
Agreement (12): 
Overall agreement = (a+d) / (a+b+c+d) 
Positive agreement = 2a / (2a+b+c) 
Negative agreement = 2d/( 2d+b+c) 
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APPENDIX 12: Overview of steps and numbers of the accuracy testing process 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table: Overview of steps and numbers of accuracy testing process 
All versions of the query were verified and ok. *Submitted on 22-6-2015  
1Type 2 diabetes defined as ICPC-code 2190.02 (T90.2) 
2Diabetes defined as ICPC-code 2190 (T90) - ignoring subcodes 
3 Study id 156, Protocol id 272, version numbers in the first column, QWB results were filtered such that patient 
& practice selection were applied similarly to the manual extraction.  
4 Study id 156, Protocol id 272, version numbers in the first column. QWB results were filtered only on similar 
preselection of practices as manual query, not on completeness of patient data or quality of practice data!  
 
Each of the steps corresponds to a restricted selection of patients satisfying all the criteria for the 
current and previous steps as described. A corresponding file containing anonymized patient 
identifiers was also created at each step. The result files from the manual data extraction start with 
(date_HM_), files from the QWB data extraction with (date_QWB_). QWB files are only available up 
to the first exclusion criterion since steps beyond that returned zero patient counts. Manual 
extraction data files are available to exclusion criterion 4. From the second inclusion criterion onward 
there are 2 versions of the manual extraction data files: the files in which type-2 diabetes patients 
were selected (T2D); and the files in which all diabetes patients were selected regardless of type .  In 
the calculation of the accuracy measures, we used the ‘Diabetes’ column only (ICPC T90), since the 
QWB was only able to select ICPC T90.  
 
The first column refers to the version of the query used (provided by the QWB). The difference 
between the first and second manual query columns is that in the latter, practices were filtered on 
the same set of practices as the manual query, but not on the completeness of prescription data or 
whether patients were listed within the practice between 6/2010 and 3/2011. In the calculation of 
the accuracy measures, we used query versions where both practices and patients were the same as 
those available to the manual query.  
  

Query 
version 

Filename* Description Manual query  
 

QWB3 QWB4 

    Type 2 
diabetes1 

Diabetes2   

 patientfile_start  Patients in selected practices 
(info on prescription in 2010 
& 2011 available for the 
whole year) & with info in 
first quartile of 2011 & last 2 
quartiles of 2010  

607.135 607.135 607.135  

1 * patientfile_incl1 Patients of 18 years and 
older (birth year <=1992) 

477.553 477.553 477.553 1.182.742 

2 * patientfile_incl2 Patients with diabetes 
startdate in 2011, or before 

28.089 32.389 31.391 67.083 

104 * patientfile_incl3 Patients with SU in 2011 
(ATC A10BB03 or A10BB12) 

7.173 7.600 6.931 14.001 

109 * patientfile_incl4 HbA1c in 6 maanden voor 1e 
prescriptie (IFCC; NHG code 
2816) 

3.585 3.716 2.019 4.147 

219* patientfile_excl1 Exclude age of first diagnosis 
>=90 (note first diagnosis in 
our database!) 

3.563 3.696 1.157 2.122 

218* patientfile_excl2 Exclude age of first diagnosis 
<40 (note first diagnosis in 
our database!) 

3.486 3.608   

217* patientfile_excl3 Exclusion insulin (A10AB05, 
A10AC01, A10AD05, 
A10AE04, A10AE05) in 2010 
or 2011 

2.944 3.045   

220* patientfile_excl4 Exclude with SU in 6 months 
before first SU (ATC 
A10BB03 or A10BB12) 

807 827   
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APPENDIX 13:  Detailed results accuracy measures 
 
Inclusion criterion 1 (Patients older than 18 in 2011) 
 Manual query Total 

+ - 
TRANSFoRm 
assisted query 

+ 447.553 0 477.553 

- 0 129.582 129.582 

Total 447.553 129.582 607.135 
Sensitivity = 100% 
Specificity = 100% 
Overall agreement = a+d/a+b+c+d = 1 
Positive agreement = 2a/2a+b+c = 1 
Negative agreement = 2d/2d+b+c = 1 
 
Inclusion criteria 1+2 (Diagnosed with T2D before 31/12/2011) 
 Manual query Total 

Selected Not selected 
TRANSFoRm 
assisted query 

Selected 29.323 2068 31.391 
Not selected 3066 572.678 575.744 

Total 32.389 574.746 607.135 
Sensitivity = 29.323/32.389 = 90,5% 
Specificity = 572.678/574.746 = 99,6% 
Overall agreement = a+d/a+b+c+d = 0,992 
Positive agreement = 2a/2a+b+c = 0,919 
Negative agreement = 2d/2d+b+c = 0,996 
 
Inclusion criteria 1+2+3 (SU in 2011) 
 Manual query Total 

Selected Not selected 
TRANSFoRm 
assisted query 

Selected 6779 152 6931 
Not selected 821 599.383 600.204 

Total 7600 599.535 607.135 
Sensitivity = 6779/7600= 89,2% 
Specificity = 599.383/599.535 = 99,9% 
Overall agreement = a+d/a+b+c+d = 0,998 
Positive agreement = 2a/2a+b+c = 0,933 
Negative agreement = 2d/2d+b+c = 0,999 
 
Inclusion criteria 1+2+3+4 (HbA1c in 6 months before first SU in 2011) 
 Manual query Total 

Selected Not selected 
TRANSFoRm 
assisted query 

Selected 1446 573 2019 
Not selected 2270 602.846 605.116 

Total 3716 603.419 607.135 
Sensitivity = 1446/3716 = 39% 
Specificity = 602.856/603.419 = 99,9% 
Overall agreement = a+d/a+b+c+d = 0,995 
Positive agreement = 2a/2a+b+c = 0,504 
Negative agreement = 2d/2d+b+c = 0,997 
 
Inclusion criteria 1+2+3+4 + Exclusion criterion 1(age of diagnosis ≥ 90) 
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 Manual query Total 
Selected Not selected 

TRANSFoRm 
assisted query 

Selected 873 284 1157 
Not selected 2823 603.155 605.978 

Total 3696 603.439 607.135 
Sensitivity = 873/3696 = 23,6% 
Specificity = 603.155/603.439 = 99,9% 
Overall agreement = a+d/a+b+c+d = 0,995 
Positive agreement = 2a/2a+b+c = 0,3597 
Negative agreement = 2d/2d+b+c = 0,998 
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APPENDIX 14: Parelsnoer Initiative 
 
The Parelsnoer Initiative is the result of a unique partnership between the eight Dutch 
university medical centers (teaching hospitals). The initiative gathers clinical data and 
biomaterials from all the participating institutions so that together, they can promote the 
advancement of science, improve patient treatment and encourage the development of new 
products, as well as strengthening the economic position of biomedical research in the 
Netherlands. The project is focusing upon nine groups of medical conditions, its so-called 
“pearls”. One of those pearls is the diabetes pearl. The Diabetes Pearl is a large cohort of 
patients diagnosed with type 2 diabetes, covering different geographical areas in the 
Netherlands. From all patients who provide informed consent, the following information is 
collected: personal information, medication use, physical examination (antropometry, blood 
pressure, electrocardiography (ECG), retina photographs, ankle-brachial index, peripheral 
vibration perception), self-report questionnaire (socio-economic status, lifestyle, (family) 
history of disease, and psychosocial well-being), laboratory measurements (glucose, A1c, 
lipid profile, kidney function), biobank material (storage of urine and blood samples and 
isolated DNA). All gathered clinical data and biobank information is uploaded to a database 
for storage on a national level. Currently over 7000 patients are included.  
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APPENDIX 15: ZorgTTP 
 
ZorgTTP is a so-called ‘Trusted Third Party’; an experienced and straightforward partner 
offering support with the exchange and sharing of privacy sensitive data. We have the 
knowledge, experience and competence to process personal data in such a way that it is 
anonymous and ready to be used within the legal boundaries. 
ZorgTTP offers a complete range of services in the field of privacy protection of personal 
data. With delicate matters like the careful processing of sensitive personal information, you 
have to be able to fully trust our services and integrity.  
ZorgTTP aims to secure privacy sensitive information streams in health care as well as in 
other fields. When it is essential to be able to monitor individuals over periods of time or link 
several sources of information, pseudonymization provides great value. ZorgTTP has 
increasingly been working with companies and partners in the fields of justice, welfare and 
education. 
With pseudonymization all data that can lead to identification of individuals is replaced by 
unique pseudonyms that cannot be traced back to these individuals. These irreversible 
pseudonyms allow stakeholders to exchange information without jeopardizing any person’s 
privacy in any aspect. The conversion of sensitive personal data to an irreversible 
pseudonym has two stages. The party owning the personal data that needs to be shared (the 
source) uses the pseudonymization software to convert the data to a so-called ‘pre-
pseudonym’, following Dutch DPA requirements. Then, ZorgTTP converts the pre-
pseudonym to a final pseudonym. The final pseudonym with the data attached to it, is 
disclosed to the receiving party. Only ZorgTTP knows how the final pseudonym is created. 
Neither the source nor the safe haven can retrace the original personal information. This 
way, data can be exchanged without violating privacy. Furthermore, if necessary, 
researchers are able to file transparent and controlled requests for additional information with 
the source without 
jeopardizing the security of sensitive personal data. 
Tres® (Trusted Reversible Encryption Service) is developed by Advanced Data Management 
(ADM) of the LUMC (University Medical Centre of Leiden) and ZorgTTP. Tres® is based on 
reversible encryption to shield personal data for non-authorized use. Tres® is developed for 
registrations which have legal grounds to register personal information. Examples of typical 
data are our social security number (BSN) or an individual’s name combined with other 
identifying data. The user uses his/her own information system to log on to Tres®. While 
saving the information the designated variables are simultaneously encrypted through Tres®. 
In the end, it is only the encrypted data that is saved in the user’s information system. Only 
authorized users are able to decrypt the values. By trusting ZorgTTP with your encryption 
and decryption you can be sure that no other party than the authorized users have access to 
the converted data. The pseudonymization and Tres® can be used complementary. 
 
For the future, ZorgTTP has but one goal, which is to provide the best services possible in 
the field of personal data protection. We intend to reach this goal by staying true to our key 
values: transparency, innovation and effectiveness, and by always putting the client first. By 
doing so, ZorgTTP has been able to become a Trusted Third Party with high quality and 
client-oriented services. Together with our clients and partners, we look forward to continuing 
and expanding this position. 
 
For questions about ZorgTTP, you can reach us at info@zorgttp.nl,  
For more insights about this project mail Michiel Vlastuin at michiel.vlastuin@zorgttp.nl  
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APPENDIX 16: Custodix 
 
Custodix is a private limited company established in 2000 specialized in data protection 
solutions for eHealth. Today Custodix is recognized as one of the most advanced and 
reliable Trusted Service Providers (TSPs) in the Healthcare sector providing technical 
privacy protection solutions. Its data protection services are supported by a combination of 
high-level technical and legal expertise in privacy protection and e-security and a sound 
experience with a number of advanced e-security solutions such as de-identification, Identity 
Management, Pseudonym Management, PKI, Web Services security frameworks, time-
stamping and more.  
Custodix helps businesses deal with all security and privacy related aspects of modern data 
management (cf. European Data Protection Directive 95/46/EC, 2001/20/EC, 2005/28/EC, 
the WHO GCP, etc.) by offering end-to-end solutions for data protection in e-Clinical Trials, 
disease management and other longitudinal studies. Custodix has an international customer-
base, deploying services in Europe, Asia and Australia. Customers are both commercial 
companies and governmental research organizations.  
The main role of Custodix is to design and implement data protection solutions which ensure 
legally compliant data handling within p-medicine. 
For the T2D use case of TRANSFoRm, Custodix took up the role of Trusted Third Party in 
the linking process of phenotype-Genotype data . It also had the role of Safe Haven to store 
the extracted data and ensure secure access by researchers.  
 
For more information: www.custodix.com 
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APPENDIX 17: Link to online information 
 
All online materials referred to in this deliverable can be found at 
 http://bit.ly/D1-2Resources. 
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