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Definitions 

§ Partners of the ROADMAP Consortium are referred to herein according to the following codes: 
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• EMC. Erasmus University Rotterdam (Netherlands) 
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Salut Jordi Gol i Gurina (Spain) 
• UCPH. Københavns Universitet  (Denmark) 
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• UEDIN. University of Edinburgh (United Kingdom) 
• UGOT. Goeteborgs Universitet (Sweden) 
• AU. Aarhus Universitet (Denmark) 
• LSE. London School of Economics and Political Science (United Kingdom) 
• CBG/MEB. Aagentschap College ter Beoordeling van Geneesmiddelen (Netherlands) 
• IXICO. IXICO Technologies Ltd (United Kingdom) 
• RUG. Rijksuniversiteit Groningen (Netherlands) 
• Novartis. Novartis Pharma AG (Switzerland) – Project Leader 
• Eli Lilly. Eli Lilly and Company Ltd (United Kingdom) 
• BIOGEN. Biogen Idec Limited (United Kingdom) 
• ROCHE. F. Hoffmann-La Roche Ltd (Switzerland) 
• JPNV. Janssen Pharmaceutica NV (Belgium) 
• GE. GE Healthcare Ltd (United Kingdom) 
• AC Immune. AC Immune SA (Switzerland) 

§ Grant Agreement. The agreement signed between the beneficiaries and the IMI JU for the 
undertaking of the ROADMAP project (116020). 

§ Project. The sum of all activities carried out in the framework of the Grant Agreement. 
§ Work plan. Schedule of tasks, deliverables, efforts, dates and responsibilities corresponding to 

the work to be carried out, as specified in Annex I to the Grant Agreement. 
§ Consortium. The ROADMAP Consortium, comprising the above-mentioned legal entities. 
§ Consortium Agreement. Agreement concluded amongst ROADMAP participants for the 

implementation of the Grant Agreement. Such an agreement shall not affect the parties’ 
obligations to the Community and/or to one another arising from the Grant Agreement. 

§ MTA. Material Transfer Agreement 
 

 

 

 

	 	



116020 – ROADMAP – D3.4  

 
 

 
© Copyright 2017 ROADMAP Consortium 6	

 
	

Publishable Summary 

WP3 facilitated the work of WPs 2, 4 and 5 by identifying and providing access to relevant data 
sources for answering the research questions defined within ROADMAP. WP3 has developed a 
preliminary workflow to achieve this. After approval by the WP leads, ROADMAP researchers were 
required to fill in a specifically developed scientific research question form. This was sent to WP3, 
which then triggered the search for relevant data in all ROADMAP partner platforms. Fast access to 
data is possible where the data have already been uploaded to one of the platforms and data owners 
have given their permission.. Researchers can also identify datasets that are not yet included in one 
of the partner platforms. In this case, the data owner will be approached and asked for participation 
in the study.  

Eight use cases have been identified and this report shows how WP3 has made use of the existing 
partner infrastructures in ROADMAP to identify relevant sources. Data for the validation of the 
preclinical model, developed by Novartis, were identified from within EMIF AD and DPUK. EMIF AD 
has additionally approached cohorts that were identified as potentially interesting by WP4. Data for 
the validation of the model of cognitive decline in people with AD were identified by EMIF EHR, EMIF-
AD and DPUK. The dementia diagnosis validation study makes use of the SIDIAP database, while a 
pilot study for the estimation of the costs of dementia identified six cohorts from EMIF AD. ROADMAP 
partners VUMC and RUG additionally worked on the feasibility of using mobile phone applications for 
people with AD to collect information on social communication and social exploratory measures. For 
the use case regarding the validation of the time to institutionalization model, two data sources were 
identified through the EMIF-AD Catalogue and additional literature searches. Access to these sources 
was obtained and analyses are currently being conducted. For the quality of life use case, suitable 
cohorts in the EMIF-AD and DPUK Catalogues were identified, and another data source was 
successfully accessed. For the Danish dementia trajectories use case, the identification of suitable 
EHR data sources is still ongoing. Finally, for the use case investigating transitions between different 
types of care, common care trajectories, and durations of different care types within trajectories of 
persons with dementia in the Netherlands, data from three Dutch healthcare registries were 
combined. These analyses are ongoing, but will be finished by the end of the ROADMAP project. 

Main differences between EMIF EHR, EMIF AD and DPUK were identified in terms of data extraction, 
harmonization and analysis. While EMIF AD routinely harmonises the data before uploading them to 
TransSMART, DPUK does not employ a common data model, but instead uploads the data in the 
original format provided by the data owner. EMIF-EHR, on the other hand, uses Jerboa for the 
extraction of the data, and code mapping is in the hands of the data custodian. In the case of EMIF 
AD, analysis of the anonymised data can be done either on TranSMART or locally. EMIF EHR uses 
the remote research environment Octopus for the analysis. In the case of DPUK, the analysis takes 
place via the remote research environment provided within the platform, and data are not allowed to 
leave the servers. Thus, combining data from the different platforms would require new contracts. CT 
placebo data are still in the process of being prepared for analysis at the time of finalizing this Report. 
For the scope of this project, a decision was made  to provide the data in Analysis Dataset Format 
and to keep them as study entities (no integration across studies before delivery). Hosting and 
analysis is meant to be conducted at Erasmus University, using Jerboa technology and adding the 
results to the Use Case Studies, which already used cohort/EHR data.  
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1. Introduction 
WP3 is responsible for identification, mapping, and integration of real world evidence (RWE) data and 
facilitates access to data needed to answer the research questions defined within the ROADMAP 
consortium by WP2, 4, and 5.  

WP3 makes use of established data search tools and data platforms that have been developed in IMI 
EMIF and DPUK projects. These tools help to facilitate rapid and secure data acquisition, access, 
integration, and analysis. Both in EMIF and DPUK, Data Catalogues have been developed that can 
be used to search for appropriate data. To securely store and analyze cohort data, EMIF makes use 
of the TranSMART data platform. All data are harmonized and uploaded on the TranSMART platform, 
to allow large-scale data pooling if desired. In addition, data export is allowed for data analysis offline. 
For EHR data, EMIF makes use of Jerboa and Octopus. DPUK uses a virtual platform (VMware), 
which requires the researchers to analyse the data on that platform. Using data from EMIF or DPUK 
data platforms will require approval and new contracts with data owners.  For CT placebo data, Jerboa 
will be explored as well, by doing analysis for the disease modelling Use Cases. 

A procedure for requesting data access has been developed separately for EHR data and cohort 
data. Researchers within ROADMAP fill out a scientific research question form that includes 
information on the study’s aim(s), inclusion criteria and the requested variables (see Annex I). 
Researchers can also propose some cohorts or EHR data of interest. Research questions need to be 
in line with those defined within the consortium and approved by the ExCom and all WP leads. Next, 
the data request form is sent to WP3. After clarifying the specifics of the study proposal (if needed), 
the WP3 team identifies (additional) cohorts or EHR data using the EMIF and DPUK Catalogues. The 
WP3 team then approaches data owners for participation in the proposed study. ROADMAP partners 
are approached first, because partners only need to sign an MTA and this makes the process faster. 
We have developed an MTA template for use in ROADMAP, but if data owners prefer to use their 
own MTA template, that is possible as well. If requested, non-partner data owners are next 
approached for participation. This requires setting up and signing of contracts. WP 1 can support the 
contracting if needed and WP8 can have a look at the data sharing requests and approval by data 
owners from an ethical perspective. Upon approval of participation and after agreeing and signing of 
the contracts or MTAs, the data owners prepare their database (or subset of database) for sharing. 
Data will then be uploaded on the secure data platforms, for EMIF following data harmonization. If the 
data are already available on the EMIF or DPUK platforms, or if the data owners do not want to have 
their data uploaded on one of the platforms, data can be shared with the researchers immediately. 
The data access procedure is summarized in Figure 1.  

Below, we describe the EMIF and DPUK data tools in more detail, and explain the procedures of data 
access used in our different use cases, together with our learnings throughout the project. 
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Figure 1. General data request flow 

1.1. Introduction to the EMIF EHR platform 

 
Figure 2. High-level workflow for performing complex studies in EMIF 

 

EMIF EHR is one of the platforms in ROADMAP. The above Figure 2 presents a high-level overview 
of the necessary steps to perform a complex collaborative study in the distributed network of data 
sources in EMIF EHR. The summary here focuses on the steps following code mapping, approval 
and statistical analysis plan. Jerboa and Octopus play a crucial role in these processes and are 
described below.  
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Figure 3. Jerboa Reloaded model for distributed data transformation 

 
Jerboa is the main tool for the data extraction and harmonisation (Figure 3). The Jerboa software is 
used in a so-called distributed network design, i.e. it runs de-identification and analysis locally at each 
data source site. Analytical datasets are produced that contain all relevant variables in an aggregated 
or patient-level format. Jerboa runs a script that contains all parameters of a specific study design. 
This has the advantage that the local analyses are performed in a common way and are not subject 
to differences in implementation by local statisticians.  

Jerboa additionally includes a Quality Control model, which is executed on the input files, and several 
models to perform necessary data transformation steps as described in the statistical analysis plan. 

The data custodian will extract all the necessary data according to the specifications for the input files 
provided in the statistical analysis plan. For the diagnosis (or clinical events), for example, this would 
include mapping to event labels based on the final mappings provided by the Code Mapping Step. 
The data transformation is then done locally, by running Jerboa Reloaded on the common input files. 
Jerboa Reloaded then produces encrypted output files that can be uploaded to the Remote Research 
Environment by the data custodian.  

The Octopus infrastructure (Figure 4), hosted at the Erasmus Medical Center, is used as a prototype 
for the private remote research environment (RRE). It allows for secure file transfer from and to the 
data custodians, and can be used to collaborate on the analytical dataset generated by Jerboa 
Reloaded. 
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Figure 4. The Octopus infrastructure 

 
The infrastructure consists of an application server (Windows 2008 R2) that contains several 
analytical tools, word processing software, and utilities. It can host multiple research projects, each 
with its own secured area to share data and results. This facilitates the distribution of tasks, e.g., post-
processing of Jerboa Reloaded output files. Procedures have been developed to ensure data 
protection and secure file transfer from and to collaborating partners. On the server, the researchers 
need to develop code in for example SAS, R or Stata, to produce the final tables from the analytical 
datasets of each participating database.  

1.2. Introduction to the EMIF AD/TranSMART platform 

1.2.1. EMIF-AD Catalogue 

The European Medical Information Framework (EMIF)-Alzheimer’s Disease (AD) project developed 
an online catalogue aimed at supporting collaborative studies in the AD research field (https://emif-
catalogue.eu). The EMIF-AD Catalogue contains meta-data of participating studies and can be used 
by researchers to browse and search for information on the different cohorts. Each cohort has its own 
‘fingerprint’, which contains an overview of information on data access, study characteristics, inclusion 
and exclusion criteria, number of subjects, clinical information, dementia rating scales, subjective 
cognitive impairment, neuropsychiatric scales, quality of life, caregiver, cognitive screening tests, 
neuropsychological tests, physical examination, blood collection (including genetic analyses), CSF 
collection, urine collection, MRI, PET and CT/SPECT scans, electrophysiology and neuropathology. 
The Catalogue enables researchers to compare and explore different cohorts that could potentially 
participate in their research projects, and currently includes 115 cohorts (56 of these cohort 
fingerprints are publicly available, the remaining fingerprinting procedures are ongoing or awaiting 
approval from the data-owners).  

The Catalogue was enriched with more information about cohorts related to AD that are also of 
interest to ROADMAP. Over 50 new cohorts have been approached to enter information about their 
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cohort to the Catalogue and more cohorts will be approached in the future. The content of the 
Catalogue has also been slightly adjusted, to be in line with the needs of ROADMAP. Questions on 
the availability of data on mortality and health resource utilization have been incorporated in the 
fingerprints, as well as questions on mobile health data and additional physical information. This 
information has been and will be further completed for new and existing cohorts in the Catalogue. 

1.2.2. TranSMART & Switchbox 

TranSMART is a secured data platform on which data can be safely stored, managed and analysed. 
All cohort data stored on tranSMART is anonymised. Data uploaded to TranSMART will be 
harmonized according to the EMIF-AD common data model to enable pooling of different cohort data. 
TranSMART can store clinical data as well as high-dimensional data, such as genomics data. Within 
TranSMART, it is possible to compare cohorts, generate summary statistics, and analyse data. Data 
files can also be exported and analysed locally. However, control of the data remains with the data 
owner and access to the cohort data is restricted to users approved by the data owner based on the 
research questions. The EMIF-AD Switchbox is another tool developed to allow search queries in a 
local database that can, together with the EMIF-AD Catalogue, help to identify cohorts of interest for 
specific research questions.  

1.3. Introduction to the DPUK catalogue and platform 

DPUK’s portal provides data storage and management, as well as a secure environment for the 
analysis of cohort data relevant to ageing and dementia. Once the portal’s capabilities are fully 
developed, DPUK will host over 50 cohorts, with data from 2 million participants. DPUK does not 
employ a common data model. Instead, the data are stored on DPUK servers in their original, cohort-
specific, granular format alongside a DPUK standardised and ontologised csv-file. DPUK’s system is 
designed to leave the ownership of the data with the cohort PIs, and the application process ensures 
that the cohorts have the necessary level of governance over their data and that they are only used 
for the approved research purpose. This also implies that the data cannot leave the DPUK platform. 

 
Figure 5. Cohort comparison tool and cohort matrix 
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Cohort search and application takes place on the DPUK Data Portal 
(https://portal.dementiasplatform.uk/). Two main Data Discovery tools are provisioned to assist with 
the identification of relevant cohorts. A high-level overview over the available information is provided 
for each of the cohorts via a Cohort Matrix, which displays the categories of data that are collected, 
such as: lifestyle factors, cognition or brain imaging.  The main source of information is the Cohort 
Directory, which provides in-depth, specific information about each of the cohorts (see Figure 5 Cohort 
comparison tool and cohort matrix for both tools). Cohort-specific information is additionally available 
in primary publications or codebooks, where available, and downloadable resources within these 
tools, redevelopment thereof is currently ongoing. Once the relevant cohorts are selected, 
researchers can apply for access to the data on DPUK’s website. One of the aims of DPUK is to make 
data access mechanisms as simple as possible. The streamlined application procedure is part of this 
strategy.. Only a minimal set of core information is requested, consisting of the project title, public 
interest, data requested, scientific context, start and end dates, as well as key words. As cohorts 
might have different needs, an additional dynamic set of information is requested based on the 
selected cohorts. Only a single application is required for multiple cohorts. Applications are firstly 
screened by DPUK and then sent to the contact persons of each cohort for final approval. 

Data access and analysis within DPUK is graphically presented in Figure 6. Most of the cohort data 
are uploaded and stored on the UK Secure eResearch Platform (UKSeRP) shared infrastructure at 
Swansea University. However, selected cohorts prefer to share their data on a study-to-study basis. 
Where data are not pre-anonymised by the cohort owner, they are anonymised using the Swansea 
anonymization services in conjunction with NHS Wales Informatics Service (additional restrictions are 
in place in case an analysis would lead to results based on five or less participants). The core 
infrastructure of DPUK in UKSeRP consists of 15 Intel 40 core 96GB servers with 720TB of fully 
backed up storage. Upon approval of the application and signing of the DPUK Data Access 
Agreement, data are released into the secure virtual desktop infrastructure, and are accessible by the 
researcher via a two-stage authentication based on username/password and Yubikey token (USB 
fob). Data may be accessed and analysed via a remote virtual desktop that utilises VMware Horizon 
client in a secure analytical space within UKSeRP. The virtual desktop contains a variety of tools for 
data management and statistical analysis like SQL Server Management Studio, R, Python, Eclipse 
and Stata. Additional software can be installed on request. Data may be uploaded from outside the 
platform by bespoke arrangement to be analysed alongside DPUK data and removed after projects 
have ended. For data that is derived from different sources on a modality basis (genetic, imaging), 
the Portal has integrated the DPUK Genomics Platform for search and analysis of genetic data that 
is provided in raw form (PLINK available for analysis for example); and an instance of XNAT for 
imaging, that allows search, upload and analysis of imaging data in a node and hub format (9 nodes 
across UK partner institutions and a central hub in Swansea). Both platforms allow for the derivation 
of summary data that can then be added to, or analysed alongside, any other cohort data within the 
VDI. Data linkage for DPUK datasets can be done via a common ID model. The common ID model 
allows cross-cohort and cross-modality participant linkage. Additionally, linkage to routine data from 
sources such as the NHS is possible, if consent is given and identifiers are available to perform 
anonymised matching. All analyses are done within the secure analytic space and only manually 
approved result files for publishing will leave UKSeRP. Cohort data will never leave UKSeRP. The 
programme of curating DPUK datasets according to a standard DPUK ontology will enable cross-
cohort analyses to be conducted across multiple cohorts (> 50 cohorts across 2 million + participants) 
within the virtual desktop environment.  
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Figure 6. Data access and analysis in DPUK 
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2. Use case 1 Pre-symptomatic AD  Model 
WP3 received a data sharing request from WP4 requesting data to be used for validation of the pre-
symptomatic Alzheimer’s disease (AD) prevention model, an existing disease progression model 
developed by Novartis (pre-symptomatic AD model request). Determining which cohorts are suitable 
for each data request depends on the model to be validated. For this specific request, the process of 
defining the inclusion criteria, required variables and optional variables is discussed in more detail 
below (Section 2.2, Methods, tools and processes). Next, we approached data owners for 
participation in the proposed research project. Currently four cohorts have shared their data for this 
validation exercise. Below we will describe the procedures and tools used in more detail. 

2.1. Data Sources 

After clearly defining the inclusion criteria, required variables and optional variables, we searched for 
suitable cohort data in the EMIF and DPUK Catalogues. In addition, some cohorts of interest had  
been identified upfront by the ROADMAP validation team. 

2.1.1. EMIF-AD Catalogue 

We consulted the EMIF-AD Catalogue for availability of data sources meeting the Prevention model 
validation request. We used the following search criteria: (cognitively normal subjects OR subjects 
with SCI) AND (follow-up performed AND information on dementia at follow-up) AND (age AND 
gender AND education) AND APOE ɛ4 tested AND (dementia screening test OR neuropsychological 
testing OR cognitive screening test).  

Based on the initial broad inclusion criteria, we initially identified 8 cohorts of potential interest to  the 
proposed study: 

• Athens, Greece: Hellenic Longitudinal Investigation of Aging and Diet (HELIAD)  
• Kuopio, Finland and Stockholm, Sweden: Cardiovascular Risk Factors, Aging and Dementia 

(CAIDE) 
• Gothenburg, Sweden: Prospect Population Study of Women (PPSW) 
• Gothenburg, Sweden: Population Study (H70)  
• Bonn, Germany: German Study on Ageing, Cognition and Dementia in Primary Care Patients 

(AgeCoDe)  
• Cambridge, UK: Medical Research Council Cognitive Function and Ageing Study (MRC-

CFAS)  
• Duisburg, Germany: Heinz Nixdorf Recall Study (RECALL-HNR)  
• Brescia, Italy: Alzheimer’s Disease Repository Without Borders (ARWIBO)  

 
The WP4 team identified four cohorts they considered especially relevant for their research question: 
the Amsterdam, Rotterdam, Memento and BioFINDER cohorts. These cohorts were not identified in 
our initial Catalogue search, as the Amsterdam and Memento cohorts did not fulfil the initial inclusion 
criteria and the Rotterdam and BioFINDER cohorts were not fingerprinted yet. We proceeded to 
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contact these data owners. Considering that three of these cohorts are not (yet) partners in the 
ROADMAP project, the process of contacting these and requesting access to the data requires extra 
time. An initial contact with the four data owners was established, but the contact progressed slowly 
and we were not able to include data from these cohorts in our final analyses. However, the 
Amsterdam, MEMENTO and Rotterdam cohorts are now included in the EMIF-AD Catalogue, while 
the fingerprinting of the Biofinder study is still ongoing. In addition, we searched for publications from 
different cohorts to find out more about the number of converters to MCI or dementia, and about the 
number of follow-up measurements. 

After discussion with WP4, the data requirements were refined and only four potential cohorts 
remained based on the availability of specific neuropsychological tests, sufficient follow-up 
measurements and an adequate number of converters to MCI or dementia (see below):  

• Antwerp, Belgium: University of Antwerp, Belgium 
• Brescia, Italy: the Alzheimer’s disease Repository Without Borders (ARWIBO) 
• San Sebastian, Spain: Proyecto Gipuzkoa Alzheimer, Fundacion CITA  
• Bonn, Germany: German Study on Ageing, Cognition, and Dementia in Primary Care 

Patients (AgeCoDe) 

2.1.2. DPUK Catalogue 

Using DPUK's cohort comparison tool and cohort specific-information, six cohorts were identified as 
potentially useful for the validation of the model. Focus during the initial selection process was on the 
non-optional variables in the data request. Based on this, six cohorts were initially identified as 
potentially relevant: 

• EPIC Norfolk 

• Whitehall II 

• Lothian Birth Cohort 1936 (LBC 1936) 

• Caerphilly Prospective Study (CAPS) 

• English Longitudinal Study of Ageing (ELSA) 

• MRC National Survey of Health and Development (MRC NSHD). 

After the refinement of the request in discussion with WP4, none of these six cohorts qualified for the 
specific research question. 

2.2. Methods, Tools and Processes 

The WP4 data request for validation of the Pre-symptomatic AD prevention model contained a 
description of the model, and the aims, data requirements and inclusion criteria of the proposed study. 
First, some ambiguities were clarified and, in consultation with the WP4 team, the inclusion criteria 
were adjusted. The initial criteria included solely cohorts with abnormal biomarker data on over 1000 
cognitively normal individuals. Since this was not feasible, abnormal biomarker data was no longer 
required for inclusion and smaller sample sizes were allowed for inclusion. Since specific 
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neuropsychological tests that are included in the APCC were needed for the validation of the pre-
symptomatic model, most of the initially identified studies no longer qualified for this request. This was 
also due to the requirement of at least two follow-up measurements, and a sufficient number of 
converters to dementia (n>50).  

Data sharing approval 

Approval for data sharing has been realized for two cohorts so far: the H70, and PPSW cohorts. The 
4C and BBACL cohorts from Maastricht have expressed interest to participate and are in the process 
of reviewing the MTAs. Their data will remain in Maastricht and the ROADMAP Maastricht team will 
conduct the analyses and share only the results with the ROADMAP consortium.  

The Memento cohort has become a ROADMAP partner and initially agreed to share data. However, 
additional resources would be needed for them to be able to perform the requested analyses. Access 
to a subset of the Amsterdam data was approved, but as more data is desired, additional contracts 
would need to be signed, and considering the timelines of the ROADMAP project, the team has 
decided not to pursue this data source for now. The Biofinder cohort has indicated to have insufficient 
resources to participate in ROADMAP by sharing data at the moment. They may provide data at a 
later stage of the project.  

After approval of data use by identified cohorts in the EMIF and DPUK Catalogues and signing of 
MTA/contracts, data will be shared with researchers. If data are already available on the EMIF or 
DPUK data platforms, this can be rather fast. If data are not yet available, they can be uploaded on 
the secure data platforms, for EMIF after harmonisation on TranSMART, and for DPUK unharmonised 
on VMware. Once cohort data are uploaded on the data platform(s), the request process for future 
studies with the cohort data will require less time and effort, since the data is then already available 
on the platform. For each new research question, the data owners of the appropriate cohorts included 
in TranSMART or VMware will be asked whether they are interested in sharing their data for that 
particular research question.  Only in the case that additional variables are requested, additional 
harmonisation and data upload will be required. Since no harmonisation was required for the present 
request and data were not yet available on TranSMART, we decided to share the data directly with 
the WP4 team, instead of first uploading them on TranSMART.  

In the case of DPUK, the chronological order of steps for the validation of the time-to-diagnosis model 
are as follows: 

1. Data request received 

2. Data search within DPUK based on data request 

3. Application for data access from DPUK 

No further steps were undertaken after it was decided that the cohorts do not provide the 
information necessary to validate the model. 
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2.3. Assessment of Availability and Suitability of Data Sources 

2.3.1. EMIF-AD Catalogue 

Since Gothenburg is a partner of the ROADMAP project, we proceeded to contact these cohorts and 
informed whether the PPSW and H70 studies indeed had most of the requested variables available 
and whether they would be willing to share their data for this research question. The PPSW and H70 
data were shared with the WP4 team, and a second release of the database with some additional 
cases is on its way. 

We contacted the principal investigators of the three non-partner cohorts identified in the literature 
and Catalogue search as the most suitable and promising for this specific request: ARWIBO, CITA, 
and Antwerp. The CITA cohort contained too few converters to MCI and dementia and only one follow-
up after three years, and for this reason the WP4 team decided to not pursue this data source for the 
validation. The ARWIBO cohort was very promising in terms of the neuropsychological tests used and 
the number of subjects. However, the follow-up measures were not integrated in one database, which 
made it unfeasible to pursue this data source at the present time. Unfortunately, the Antwerp cohort 
has not yet responded to our request for collaboration.  

2.3.2.  DPUK Catalogue 

Table 1. overview DPUK Catalogue and availability of variables 

 
	 EPIC	

Norfolk	
Whitehall	II	 CAPS	 ELSA	 MRC	NSHD	 LBC1936	

N	 25639	 10308	 2512	 12100	 5362	 1091	
Age, gender, education	 X	 X	 X	 X	 X	 X	
Cognitive 
tests/neuropsychological 
outcome1)	

X	 X	 X	 X	 X	 X	

APOE ɛ4 status	 X	 X	 X	 X	 X	 X	
Follow-up diagnosis2)	 X	 X	 X	 X	 TBC	 TBC	
Comorbidities X	 X	 X	 X	 X	 X	
Medication use X	 X	 X	 X	 X	 X	
Notes:	1)	Each	cohort	has	some	measures	of	cognition.	However,	the	cohorts	vary	regarding	of	the	amount	of	information	that	is	
available,	the	type	of	information	that	is	collected	and	how	often	the	information	is	collected.	2)	Data	linkage	can	be	used	to	access	
potential	diagnoses	 in	 case	of	EPIC	Norfolk	and	Whitehall	 II.	CAPS	has	 clinical	 assessments,	while	ELSA	only	has	 self-reported	
diagnosis.	For	MRC	NSHD	and	LBC1936,	the	availability	of	clinical	diagnosis	has	yet	to	be	confirmed.	
	

The three main reasons for immediate exclusion of a DPUK cohort from further consideration were 
lack of biomedical information, focus on a different type of dementia, and failure to fulfil the sample 
size restriction set out in the data request. However, if the sample size restriction had been relaxed 
(which could be interesting with the ultimate aim being to see how different data can be used 
simultaneously to increase statistical power), the Aberdeen Birth Cohorts from 1921 and 1936 (L. J. 
Whalley et al. 2011) and other studies could have also been of interest. For nearly all studies, cognitive 
function is not necessarily assessed using a complete scale, but using items from different scales. 
Only specialised studies can afford to include long, specialised item batteries. For the MRC NSHD, 
the overlap between waves regarding the items for cognitive function is unclear. Generally, concluding 
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that a certain study has a measure of cognitive function that is richer than MMSE seems difficult. 
Three measures of cognitive function before diagnosis are not (or not yet) available for all studies. 
From the available information, it is not entirely clear whether or not the LBC1936 and the MRC NSHD 
differentiate between types of dementia. ELSA has only self-reported diagnosis. Availability of 
comorbidities varies by cohort, but is comprehensive for those that allow data linkage with electronic 
health records. ELSA data are available on DPUK servers, while the others are still in the process of 
sharing their data. See Table 1 for an overview of the initially selected cohorts and availability of the 
requested variables.  

After further discussions between WP3 and WP4, none of the cohorts was finally used for the 
validation of the model. The main reason was that the neuropsychological test batteries included in 
these cohorts were not as extensive as the one included in APCC. Additionally, the MRC NSHD 
confirmed that they do not have clinical diagnosis of AD, but are working on algorithm-based 
diagnosing. EPIC Norfolk declined a data request that was being sent out at the beginning of this 
work due to insufficient numbers of dementia cases. 
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3. Use case 2 - SIDIAP Dementia Diagnosis Validation 
Study 

The ROADMAP project aims to set new standards for the collection and evaluation of real-world 
evidence on Alzheimer’s disease. Real-world data can be provided by electronic health records (EHR) 
databases from primary care, which offer innovative research opportunities: capability to show the 
reality of dementia in health care practices, large sample sizes, representativeness, and relatively low 
economic cost. However, the accuracy of diagnoses may be a constraint of the EHR databases from 
primary care services. General practitioners, as gatekeepers of the health care services, play a pivotal 
role in the recognition and management of dementia. The certainty of a dementia diagnosis is not 
only a key point for the patient, their family, and caregivers, but it might also affect the quality of 
research studies. Thus, the accuracy of the diagnostic records is imperative in studies based on 
electronic medical records from primary care.  

 

ROADMAP’s use case 2 (WP3) aims to assess the accuracy of dementia diagnosis and AD diagnosis 
in electronic health records. We examined the Information System for Research in Primary Care 
(SIDIAP database), one of the primary care databases previously listed in the EMIF-EHR catalogue 
(as part of Task 3.1). SIDIAP contains structured records of about 5.8 million people attended in 
primary care centres in Catalonia (Spain).  We asked general practitioners to confirm a number of 
dementia and AD diagnoses by means of an online survey, and estimated positive predictive values 
of these diagnoses (Figure 7). We also compared AD diagnoses from the Register of Dementia of 
Girona and from SIDIAP primary care database, and estimated the sensitivity of AD diagnoses 
recorded in SIDIAP (Figure 7).  

	
Figure 7. Methods (orange), type of dementia diagnoses (blue), and statistical estimators (black) used in this 

study validation 
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3.1. Data Sources 

The Information System for Research in Primary Care (SIDIAP database) contains records of routine 
consultations from nearly 275 primary care practices from the National Health Service of Catalonia. 
SIDIAP includes anonymised longitudinal medical records related to demographics, symptoms, 
diagnoses, and socio-economic deprivation from about 5.8 million people (>80% of the Catalan 
population, and 15% of the Spanish population) [Med Clin (Barc) 2012;138(14):617–21]. SIDIAP is 
linked with the pharmacy-dispensing database provided by the National Health Service of Catalonia 
and contains data of prescription and dispensing of pharmacological treatments recorded using the 
Anatomical Therapeutic Chemical (ATC) codes. The quality of SIDIAP data for research purposes 
has been previously evaluated for certain diseases, such as cancer [PloS one 2014; 9(10):e109706], 
cardiovascular diseases [Rev Española Cardiol2012; 65(1):29–37], and rheumatoid arthritis [Clin 
Rheumatol 2016; 35(3):751-7], but not for dementia.  

The Register of Dementias of Girona (ReDeGi) is an epidemiological surveillance device that registers 
all incident cases of dementia diagnosed in the seven hospitals from the Health Region of Girona 
(5,517 km2 and 750,000 inhabitants) [BMC Neurology 2009; 9:5]. ReDeGi follows the guidelines 
proposed by the Center for Disease Control and Prevention for a surveillance system and uses 
standardised criteria for case definition. Diagnoses are made by specialists in neurology, geriatrics, 
psychiatry, or internal medicine in outpatient consultation offices of specialised care, or in memory 
clinics. 

3.2. Methods, Tools and Processes 

3.2.1. Survey to GPs 

A survey was conducted to request additional information on dementia diagnosis from general 
practitioners, one of the most robust methods of validation [Emerging themes in epidemiology 2016; 
13(1):11]. We used this method to validate overall dementia and ADdiagnoses in SIDIAP. The survey 
was administered to the general practitioners that integrate the Agency of Clinical Research 
Management in Primary Care (AGICAP), from the Primary Care Research Institute IDIAP Jordi Gol. 
The AGICAP encompasses about 200 accredited general practitioners from 70 Catalan primary care 
centres (80% of the SIDIAP population). These general practitioners were trained and have 
experience in the recruitment of patients for clinical trials, and in reviewing diagnoses recorded in the 
electronic medical history.  

The general practitioners from AGICAP were called to participate in our validation study. We emailed 
the online survey to those general practitioners who answered the call. Each of them reviewed the 
diagnosis of patients aged 18 years or older who had a record of one of the following dementia codes 
from the International Classification of Diseases 10th revision (ICD-10): Alzheimer's disease (G30 and 
subtypes, F00 and subtypes), vascular dementia (F01 and subtypes), unspecified dementia (F03 and 
subtypes), other types of dementia (F02.0-F02.4, F02.8, G31.0, G31.8, G31.0). The survey was 
designed based on one main question about the basis of the diagnosis with five possible answers. 
Depending on the chosen answer, subsequent questions were laid out (Figure 8). The recorded 
information included whether the diagnosis was made by a hospital specialist; cognitive, functional, 
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and behavioural tests; subtype and severity of dementia; and meeting the DSM-IV or ICD-10 
diagnostic criteria. 

	
Figure 8. Survey to be administrated to general practitioners to evaluate the dementia diagnosis registers in 

SIDIAP 
 

Definition of case 

Patients were defined as dementia cases (patients with a dementia diagnosis recorded in SIDIAP 
who actually had the disease) if they had a diagnosis of dementia based on: 1) a hospital specialist’s 
judgment (e.g. neurologist or psychiatrist); 2)the results of cognitive and/or functional tests and 
fulfilment of the DSM-IV or ICD10 diagnostic criteria; 3) clinical impression of the general practitioner 
and fulfilment of the DSM-IV or ICD10 diagnostic criteria (Figure 9).  

We considered patients as not dementia cases (patients with a dementia diagnosis registered in 
SIDIAP who really did not have the disease) if their diagnosis  was based on (Figure 3): the results of 
cognitive and/or functional tests without fulfilment of the DSM-IV or ICD10 diagnostic criteria; the 
clinical impression of the general practitioners without fulfilment of the DSM-IV or ICD10 diagnostic 
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criteria; inconsistent evidence (the diagnosis evolved or was incorrect); or insufficient or inadequate 
information. 

	
Figure 9. Algorithm to define dementia cases and Alzheimer’s disease (AD) cases 

	
	
To detect AD cases, we identified amongst dementia cases those patients whose diagnosis was 
confirmed to be AD by their general practitioner. Alzheimer’s disease patients were defined as true 
cases if they were considered to be dementia cases and the general practitioner confirmed the 
dementia subtype as AD (Figure 3). Otherwise patients were considered as not cases of Alzheimer’s 
disease (Figure 9).  

3.2.2.  Linkage of primary and secondary care databases  

The comparison of datasets from primary and secondary care settings is a widespread method for 
the validation of diagnoses [i.e. Cancer Epidem 2012; 36:425-429], and has been previously applied 
to validate dementia diagnoses [Emerging themes in epidemiology 2016; 13(1):11]. We linked the 
Register of Dementias of Girona (ReDeGi) with the SIDIAP primary care database to assess the 
accuracy of AD diagnoses recorded in SIDIAP. We considered ReDeGi as the gold standard, because 
this database contains diagnoses made by specialists and provides high accuracy on dementia 
subtypes. The study population included patients who had a diagnosis of AD recorded in ReDeGi, 
and had electronic health records in SIDIAP. We hypothesized that the concordance of the AD 
diagnoses recorded in ReDeGi and SIDIAP would be high. 

3.2.3.  Accuracy of diagnoses 

To assess the suitability of overall dementia and AD diagnoses recorded in SIDIAP, we calculated 
the positive predictive value (PPV) and its 95% confidence interval (95%CI), using the information 
provided by general practitioners in the survey explained in section 3.2.1. The PPV indicated the 
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probability that a patient with a record in SIDIAP had the disease. Higher values of PPV indicated 
higher accuracy of the recorded diagnosis in SIDIAP. Results were stratified by sex and age group. 
In addition, we repeated the PPV calculation in the worst-case scenario, that is, considering non-
evaluated diagnoses as non-cases. 

To assess the adequacy of the definition of case in this validation study, we performed sensitivity 
analyses. First, we assessed the robustness of the confirmation of the overall dementia diagnosis 
provided by the general practitioners. We compared the concordance of dementia cases confirmed 
by the general practitioners in the survey with data of prescription and dispensing of anti-dementia 
drugs (ATC Index: N06DA, N06DX). In Catalonia, general practitioners are not allowed to prescribe 
anti-dementia drugs and they need the approval of an Advisory Board. The Advisory Board is 
composed of a group of experts, who review each dementia case, deciding on the treatment for each 
patient. Since treated patients had been evaluated by the Advisory Board, they are more likely to have 
the disease, that is, could be considered as true dementia cases. Thus, we would expect that patients 
having a prescription or having been dispensed  anti-dementia drugs would be considered as 
dementia cases by their general practitioners who evaluated the diagnoses using the survey. We 
calculated the number and percentage of patients identified as dementia cases amongst treated 
patients whose dementia diagnoses had been evaluated. Second, we assessed whether prescription 
or dispensing of an anti-dementia drug could be an appropriate criterion to define an AD case. Anti-
dementia drugs are indicated mainly for AD, but they can also be prescribed for other diseases, such 
asrivastigmine for dementia in Parkinson disease, or memantine for migraine [Ann Pharmacother 
2014;48:1507-1511]. We described the frequency of dementia subtypes amongst the treated patients 
in order to assess the adequacy of the definition of AD cases. 

We additionally used the linkage between ReDeGi and SIDIAP to estimate  the sensitivity of AD 
records in SIDIAP and their 95% confidence interval (95%CI). We used the number of AD diagnoses 
recorded in SIDIAP as the numerator, and the number of AD diagnoses recorded in ReDeGi as the 
denominator. 

3.3. Assessment of Availability and Suitability of Data Sources 

This validation study provides a comprehensive overview about the accuracy of diagnoses of 
dementia overall and AD specifically that are recorded in a primary care database. In particular, this 
study estimates PPV and sensitivity of the diagnoses of dementia and AD in SIDIAP, combines two 
validation methods, includes the replication of the estimates considering the worst-case scenario, and 
provides stratified results by sex and age band. The results are currently being included in a 
manuscript that will be submitted to a scientific journal for publication.  

This validation study is focused on PPV and sensitivity estimates rather than specificity or predictive 
negative values, because PPV and sensitivity are considered crucial when applying EHR for research 
purposes.  According to a recently published systematic review, PPV is determining when validating 
diagnostic codes from routinely collected data, because avoiding false diagnoses might be more 
important than avoiding false negatives. For example, in longitudinal studies false positives can dilute 
any observed effect and reduce the power of the study [Alzheimers Dement. 2018 Apr 3. pii: S1552-
5260(18)30070-0]. The same systematic review also stated that studies need a reasonable sensitivity 
level to ensure that the ascertained cases are representative, and to maximize statistical power 
[Alzheimers Dement. 2018 Apr 3. pii: S1552-5260(18)30070-0]. Thus, this validation study focused 
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on the assessment of the principal estimators of accuracy when applying EHR in epidemiological 
studies.  

We used a survey administered to general practitioners to estimate PPV, but not sensitivity. Applying 
the survey to assess sensitivity would have required a higher number of evaluated cases, which would 
have translated into higher economic costs and lower response rates due to the higher participant 
effort required. Thus, we used another method to estimate the sensitivity of AD diagnoses recorded 
in SIDIAP: the linkage of primary and secondary care databases. ReDeGi provided accurate 
diagnoses of dementia, because all the recorded cases had been diagnosed by specialists. ReDeGi 
might capture dementia cases diagnosed in the hospitals of the study area, but not those that were 
given in other parts of the health system, that is, the coverage of ReDeGi might only partially overlap 
with SIDIAP. However, coverage was not as big a concern as the quality of AD diagnosis, because 
our aim was to assess the concordance of AD records in ReDeGi with the dementia subtype records 
in SIDIAP.  

Thanks to the combination of the two validation methods, the survey to general practitioners and the 
linkage of primary and secondary care databases, we exhaustively examined the accuracy of the AD 
diagnoses recorded in SIDIAP from different perspectives. Recently, a systematic review published 
by Wilkinson et al. (2018) collected 27 studies based on EHR, 16 of which reported PPV estimates 
higher than 75% for dementia diagnoses overall [Alzheimers Dement. 2018 Apr 3. pii: S1552-
5260(18)30070-0]. When restricting to EHR primary care data sets, Wilkinson et al. (2018) found three 
studies that reported PPV estimates for dementia diagnoses. However, they did not find any studies 
assessing the accuracy of AD diagnoses in EHR from primary care. Therefore, our estimates of PPV 
and sensitivity of AD diagnoses in SIDIAP contribute to filling in a knowledge gap in the literature: the 
accuracy of dementia subtype diagnoses from primary care EHR. Our experience highlighted that the 
combination of different validation methods may be a suitable strategy to assess the accuracy of 
dementia subtypes. 

The online survey was administered to general practitioners from the AGICAP network. This not only 
allowed fast recruiting and paperwork (including payments), but also provided high-quality data and 
overall agility in the process. In fact, the response rate was about 70%, higher than the response rates 
commonly obtained in online surveys. Monetary incentives have also promoted high participation of 
general practitioners in the study validation. Our experience in this validation study suggests that the 
use of an established network of general practitioners – such as AGICAP – may increase the 
response rate amongst participants and may expedite the agility in the administration of the survey. 
However, we can not totally dismiss the possibility of a certain bias, because the general practitioners 
in AGICAP are regularly involved in clinical trials, and could thus be more likely to register a dementia 
diagnosis in the electronic history of patients, with higher accuracy. If this occurred in our study, the 
number of dementia cases. and consequently the PPV estimate, might have been overestimated.  

The PPV estimation presented a pivotal challenge: the definition of case. The estimate of the PPV 
depends on this definition: it could be under- or overestimated if the criterion to identify a case was 
inadequate. Thus, we included sensitivity analyses to assess the adequacy of the definition.  In our 
study, the definition of a dementia case, based on information provided by general practitioners who 
answered the survey, wasadequate. We compared the diagnoses of dementia confirmed by the 
general practitioners with data on the prescription or dispensing of anti-dementia drugs, and found a 
high concordance. Other future dementia studies may use the information on prescription or 
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dispensing to easily identify treated patients as dementia cases, and restrict the search for additional 
information to non-treated patients. This could reduce economic costs if general practitioners had a 
monetary incentive to participate in the validation study, providing additional information about the 
diagnoses. However, the number of patients in SIDIAP diagnosed with dementia subtypes other than 
AD  and who were being treated with anti-dementia drugs was high to reject the direct inclusion of 
treated patients as AD cases. This would have overestimated the number of AD cases, and 
consequently the PPV. This might not be the case in other health care settings with different policies 
for the management of the pharmacological treatment of dementia, or for the electronic recording of  
health informations. Deep understanding of the characteristics and the specific management 
strategies of dementia will ensure an optimal definition of dementia cases. We therefore recommend 
that when using EHR for research purposes, the criteria to define cases should be adapted to the 
outcome (overall dementia or a specific subtype of dementia) and the characteristics of the primary 
care system. 

4. Use case 3 – WP4 MMSE Model Validation Study 
Another model that was evaluated is the natural disease progression model of cognition among 
people with AD, developed by Handels et al. (2013). The validation exercise focuses on the prediction 
of MMSE scores in incidence cases of AD in a population of people aged 75 years and older. The 
original model was developed using data from the Kungsholmen project, a population-based cohort 
following all registered inhabitants of the Kungsholmen district in Stockholm, Sweden. Clinical 
assessments of 1082 cognitively healthy people took place three times, with three years between the 
rounds. Global cognitive function was assessed using MMSE scores and a potential dementia 
diagnosis was carried out by physicians based on clinical examination and cognitive tests using DRM-
III-R/NINCDS-ADRDA criteria. A total of 323 cases of AD were identified within the 9 years of follow-
up and onset of AD was assumed to have taken place in the middle of the follow-up interval. The 
equation to predict MMSE scores is as follows: 

MMSE = 26.87 − 3.26 ∗ Time − 0.35 ∗ (Age − 75) + 0.10 ∗ Time ∗ (Age − 75), 

Where Time is years after being diagnosed with AD, and Age is patient age at the time of the 
measurement to be predicted. For the validation, we looked at incidence cases of AD in people 75 
years or older. The data are required to have birth date, AD diagnosis, date of diagnosis, and date 
and value of at least one MMSE measurement after diagnosis.  

4.1. Data Sources 

Data from from EMIF-EHR as well as EMIF-AD and ROADMAP consortium partners were used for 
the validation. Also potential cohorts in DPUK were evaluated for analyses.  

One source of data from EMIF-EHR was a longitudinal observational database of electronic patient 
records of Dutch general practitioners (GPs), the Integrated Primary Care Information (IPCI) 
database. The setting of the data is primary care. About 485 Dutch GP participate. IPCI covers roughly 
2.4 million subjects. The full medical record is available, including free text. For most practices, the 
communication with other care providers is available (referrals, etc.). 
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Another source of data from EMIF-EHR was The Information System for the Development of 
Research in Primary Care (SIDIAP). SIDIAP is a Catalan primary care database with continuous data 
collection since 2006 on a total of almost 7.5 million individuals, of which 5.5 million are currently 
active. Electronic medical records related to dementia or outcomes listed by the WP2 are available. 

Another related source was the SIDIGI, the linkage between the Register of Dementias of Girona 
(ReDeGi) and the SIDIAP database. ReDeGi is an epidemiological surveillance device that provides 
information about the clinical and demographic characteristics of all new cases of dementia in Girona 
province (0.7 million inhabitants). SIDIGI encompasses all patients recorded in ReDeGi who had an 
EHR in SIDIAP (about 5000 persons) and provides a unique data source that combines longitudinal 
RWD with high-quality dementia records obtained from specialists. 

Sources from the EMIF-AD Catalogue were the Gothenburg, EDAR and ICTUS cohorts. The 
Gothenburg cohorts are the H70 & Prospective Population Study of Women (PPSW) studies of 70-
year old elderly that started in 1971 (H70) and women of different ages (PPSW) that started in 1968. 
Participants were selected from the Revenue Office Register based on certain birth dates, without 
screening. They participate in longitudinal follow-ups at regular intervals until cohort extinction. Some 
cohorts have been enlarged with new individuals at ages 85 years and older.  

The EDAR study is a longitudinal observational cohort of individuals recruited from memory clinics 
across Europe. Individuals were recruited between 2008 and 2010 and follow-up assessments were 
performed within three years after baseline. 

The Impact of Cholinergic Treatment Use (ICTUS) study is a prospective multicenter cohort study 
aimed at evaluating the clinical course, treatment outcome, and the socioeconomic impact of AD in 
Europe. It involved 29 participating centers from 12 European countries. After baseline assessment 
(from 2003 to 2005), participants were followed up to 2 years with midterm reevaluations every 6 
months. 

Dementias Platform UK (DPUK) was searched for data that match the requirements for the validation 
of the model. Relevant data were identified using DPUK's cohort comparison tool and searching for 
relevant information in cohort-specific publications. Based on the requirements for the MMSE 
prediction model and the information on the cohorts available up to date, 3 cohorts were identified as 
potentially valuable for the validation exercise and to pilot data access procedures for ROADMAP 
within DPUK. The three cohorts are 

• Brains for Dementia Research Initiative (BDR) 

• Whitehall II 

• Lothian Birth Cohort 1936 (LBC1936) 

However, finally none of these cohorts were pursued for further use (see below). 

Three additional data sources from ROADMAP consortium partners were the MEMENTO and Girona 
cohorts, and the Copenhagen database. The MEMENTO cohort is a clinic-based study of patients 
presenting with a large variety of cognitive symptoms and subjective cognitive complaints that are 
followed over a 5-year period. From April 2011 to June 2014, 2323 patients were enrolled in 28 centers 
of the French national network of university-based memory clinics (Centres de Mémoires de 
Ressources et de Recherche). 
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The Girona cohort is a two-year prospective cohort study of patients recruited in a memory clinic 
located in the Santa Caterina hospital in Girona (Catalonia). A total of 905 individuals were recruited 
between 1998 and 2011 and follow-up assessments were performed every 6 months. 

The Copenhagen database includes approximately 2.8 million patients that have been admitted to 
hospitals in the Capital region and region Zealand, Denmark between 2006-2016. Data include all 
diagnoses coded in ICD-10, tests, procedures, drugs administered during the hospital stay, results 
from laboratory- and biochemical tests, and free text. 

4.2. Methods, Tools and Processes 

A validation pipeline was developed to validate the MMSE model for each of the selected data 
sources. As the first step, the TRIPOD development checklist is completed, describing the 
development of the MMSE prediction model based on information from the original publication. 
Subsequently, for each dataset that is used for the validation, a TRIPOD validation checklist is 
completed to describe the validation study, and relevant information about the dataset is added to the 
statistical analysis plan (SAP). Jerboa input files are then derived from the dataset, as specified in the 
Jerboa data preparation and processing manual (see Annex II) and the SAP, and Jerboa is executed 
to generate the anonymised analytical datasets. Of note, Jerboa is typically installed and run locally, 
without need to transfer data outside the local environment. Finally, the analytical datasets are 
processed by an R script that generates the validation results. There are two options here: either run 
the R script locally, and only transfer the validation results to the remote research environment 
(Octopus), or upload the anonymized analytical datasets (after encryption) to Octopus and run the R 
script there. The first option (run the R script locally) was required for the cohorts in DPUK as well as 
most of the other cohorts.  

Model performance is evaluated using linear regression between observed and predicted MMSE 
values as well as using median absolute deviation between predicted and observed values. 

4.3. Assessment of Availability and Suitability of Data Sources 

Among the cohorts listed on DPUK, the three main reasons for immediate exclusion were lack of full 
MMSE scores; the cohort does not reach the age restriction; it focuses on a different type of dementia, 
like dementia due to Parkinson's disease. For one, there is no follow-up after the diagnosis. Thus, 
despite seemingly little requirements of the model, a number of cohorts cannot contribute to the 
validation of the model. Assessment of the suitability of all cohorts was complicated by a substantial 
variation in the quality of documentation between cohorts. Lack of availability of codebooks and data 
dictionaries means that outcome categories can often not be assessed and the timing of variables 
remains unclear. As the cohorts are not necessarily focused on dementia or Alzheimer's disease, it 
is unclear whether LBC1936 and Whitehall II (as well as other studies) follow-up on people who are 
diagnosed with a major neurocognitive disorder. Additionally, due to the age restriction in combination 
with the focus on incident cases, it is difficult to assess in advance how many data points the final 
selection of cohorts will be able to add to this specific kind of validation exercise. Two of the three 
identified studies are population-based cohorts, while BDR is a registry that is more selective in terms 
of its participants compared to the original study. All three cohorts will be made available online on 
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DPUK in the near future. However, only BDR is imminent for upload to the platform at the time of 
writing. 

For all other datasets, the data for validation of the MMSE model were made available. The different 
steps of the validation pipeline have been completed for most of the datasets. The validation results 
and the challenges and issues encountered will be reported and discussed in Deliverable D4.4, 
“Results from pilot model validation exercises”.  
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5. Use case 4 – Estimation costs of dementia – pilot study 
Alzheimer’s disease (AD) can now be diagnosed in non-demented subjects by the assessment of 
amyloid pathology in cerebrospinal fluid or by PET scanning. Treatment for AD is probably most 
effective in non-demented individuals because neuronal damage is still limited. However, clinical 
decline is limited as well, which makes it difficult in trials to detect cost-effectiveness  of clinical effects 
within a reasonable follow-up. This is in particular the case in the preclinical stage of AD, when amyloid 
pathology is present but cognition is unimpaired. Aim of the present use case within WP4 was: 

• To estimate the duration of preclinical, mild cognitive impairment (MCI), mild dementia, and 
moderate dementia stage of AD 

• To estimate healthcare and societal costs at each stage 

• To model how treatment with a disease modifying drug in non-demented subjects affects costs 
across the total disease duration 

5.1. Data Sources 

We identified prospective studies in which data were collected on non-demented subjects with known 
amyloid status or studies with subjects with a clinical diagnosis of AD-type dementia. It was required 
to have data on mortality as well.  

Subjects were selected from four cohorts: 

§ Memory clinic based Amsterdam dementia cohort (amyloid positive subjects with subjective 
memory decline (SMD), MCI, dementia) 

§ Memory clinic based European multicenter study Descripa (amyloid positive subjects with 
SMD, MCI) 

§ Memory clinic based European multicenter study ICTUS (subjects with clinical diagnosis of 
AD-dementia) 

§ Research cohort ADNI (amyloid positive subjects with normal cognition, SMD, MCI, dementia) 
We have updated the dataset with subjects from: 

§ Research cohort AIBL (amyloid positive subjects with normal cognition, SMD, MCI, dementia) 
§ Population-based Gothenburg study (amyloid positive subjects with normal cognition, SMD, 

MCI). 
The addition of these additional subjects to the analyses did not change the results. 

5.2. Methods, Tools and Processes 

We harmonized a minimal dataset (age, education, gender, MMSE score, amyloid status, clinical 
diagnosis, death, APOE genotype) in a common data format from EMIF-AD at Maastricht University 
and VU University medical center. Healthcare costs at each clinical stage were taken from published 
studies. We modeled disease progression by multistate modeling, taken mortality into account (Figure 
10). We estimated conversion rate from one stage to the next stage and estimated the average 
duration for individual in each stage. We modeled trial effect on costs using a number of scenario’s 



116020 – ROADMAP – D3.4  

 
 

 
© Copyright 2017 ROADMAP Consortium 30	

 
	

assuming an effect of treatment on reduction of conversion rate in subjects with preclinical or 
prodromal AD. 

5.3. Assessment of Availability and Suitability of Data Sources 

From the 4 cohorts listed above access to data was obtained with 6 months. Data were successfully 
pooled and analysed. We noted differences in disease duration between memory-clinic-based 
settings and research settings and age groups (Table 2). 

 
Figure  10. Multistate model with translation probabilities 
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Table 2. Duration of preclinical, prodromal, mild dementia and moderate-severe dementia stages as a function of 
setting and age at diagnosis in participants with preclinical AD at baseline 

 
Age	at	baseline	 Age	60	 Age	70	 Age	80	

Time	in	preclinical	AD	 13.2	(10.8-15.1)	 10.2	(8.7-12.1)	 7.8	(5.7-10.3)	

Population-based		 14.9	(12.3-17)	 10.7	(9.1-12.4)	 7.5	(5.7-10.1)	

Memory	clinic	 5.1	(2.9-6.9)	 3.5	(2.5-5)	 2.2	(1.3-3.7)	

Time	in	prodromal	AD	 4.6	(3.9-5)	 4.2	(3.5-4.8)	 3.6	(2.3-4.6)	

Population-based			 4.5	(3.7-5)	 4.2	(3.3-4.9)	 3.8	(2.4-4.7)	

Memory	clinic	 5	(3.1-5.6)	 4.6	(3.4-5.1)	 3.7	(2-4.8)	

Time	in	mild	dementia	 3.7	(3.2-4)	 3	(2.4-3.3)	 2.1	(1.4-2.7)	

Population-based	 3.5	(3-3.8)	 3	(2.3-3.4)	 2.2	(1.5-2.8)	

Memory	clinic	 4.5	(2.7-4.8)	 3.6	(2.6-4)	 2.5	(1.4-3.1)	

Time	in	moderate	to	
severe	dementia	 3.9	(3.2-4.7)	 3.1	(2.4-4)	 2.2	(1.4-3)	

Population-based	 3.8	(3-4.5)	 3.1	(2.3-3.9)	 2.3	(1.4-3.1)	

Memory	clinic	 4.9	(2.9-5.7)	 3.9	(2.8-4.5)	 2.7	(1.5-3.5)	

6. Use Case 5 – Time to institutionalization  
We received a request of WP4 to validate the time to institutionalization model as developed by Eli 
Lily in the GERAS study (Time to Institutionalization Model Request).  

6.1. Data sources 

After clearly defining the inclusion criteria, required variables and optional variables, we searched for 
suitable cohort data in the EMIF and DPUK Catalogues.  

6.2. Methods, tools and processes 

The challenge in finding suitable data was in the use of three specific functional, behavioural and 
cognitive scales in the original model development. Literature searches for cohorts with the ADCS-
ADL scale, the NPI scale, the MMSE and institutionalization measures available did not result in 
identification of one single, suitable study incorporating them all. Since none of the cohorts in the 
EMIF-AD Catalogue, and no additional cohorts that are not included in the EMIF-AD Catalogue had 
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the three specific scales available, we selected two cohorts that had the NPI scale and MMSE 
available, and a functional scale similar to the ADCS-ADL.  

The ICTUS Study, coordinated in Toulouse, France 

The 4C Dementia Study, coordinated in Nijmegen, the Netherlands 

The same applies to the data search in DPUK. None of the cohorts available on DPUK have the very 
specialized ADCS-ADL scale. Additionally, none cohort could be found that has NPI and MMSE 
alongside a scale that is similar to ADCS-ADL. Thus no further action was required. 

6.3 Assessment of availability and suitability of data sources 

We proceeded to contact these two cohorts simultaneously, and the ICTUS study has shared their 
data for this specific request. The 4C Dementia Study expressed their interest and the MTA is 
currently under review, after which data can be shared shortly.  

	

7. Use Case 6 – Quality of life 
We received a request from WP5 to identify data sources across the AD spectrum containing quality 
of life instruments (Request Quality of Life instruments). The request is part of a feasibility study which 
is related to a mapping exercise of disease-specific quality of life instruments.  

7.1. Data sources 

After clearly defining the inclusion criteria, required variables and optional variables, we searched for 
suitable cohort data in the EMIF and DPUK Catalogues. 

7.2. Methods, tools and processes 

The search resulted in the list provided in Table 3. 
Table 3. Overview of Quality of life scales measured in cohorts included in the EMIF-AD and DPUK Catalogues 
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7.3. Assessment of availability and suitability of data sources 

The WP5 team identified the Actifcare cohort as the study best suited to map the disease specific 
quality of life scales to the general EQ-5D quality of life scale, and the Actifcare data was requested 
through the Actifcare request form. It is expected that data will be made available for this mapping 
exercise soon. 

8. Use Case 7 – Validation of Danish Dementia 
Trajectories 

Identifying common temporal disease trajectories (the order in which comorbidities appear and are 
discovered) in dementia patients can contribute to the development and validation of a core disease 
progression model, including associated comorbidity patterns. ROADMAP deliverable 4.5 focused on 
hypothesis-free analysis of population-wide registry data, the Danish National Patient Registry (NPR) 
to discover different patterns in prior disease history of Alzheimer’s patients. The prior temporal 
disease history of these patients could possibly provide new insights for earlier detection and 
contribute to a core disease progression model.  

In ROADMAP deliverable 4.5 a broad range of staitistically significant, temporal disease trajectories 
was found, illustrating numerous different disease paths eventually leading to the development of 
Alzheimer’s disease.  Subsequently, WP3 received a scientific research question form from the WP4 
team to investigate whether these disease paths are reproducible in other European populations. This 
could contribute to discover differences and similarities across European countries and provide the 
opportunity to address these differences when discovering, diagnosing and treating AD patients and 
possibly provide new insights for earlier detection or potential risk factors. 

Furthermore, it is applicable for ROADMAP WP4 and WP5, as validating AD disease comorbidity 
patterns can provide important information, when deciding if one universal disease progression model 
can be used or if there are important differences between populations that need to be taken into 
account.  

8.1. Data sources 

There are few requirements for the requested validation data. It should be Electronic Health Records 
(EHR) data (preferably form hospital settings rather than GP data to be consistent) with no specific 
inclusion or exclusion criteria, thus it should include both dementia patients and controls that have not 
been diagnosed with dementia.  

Some variables are required:   

- Birthday 

- Gender 

- Diagnosis codes (e.g. International Classification of Disease, ICD codes)  

- Date for diagnosis of each disease 
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The data is needed for each individual patient with a unique ID. We are aware that these kinds of data 
from national registries in some cases cannot leave the server where the data is located. Thus, it can 
be necessary to be flexible and therefore we can move the analysis to the data, or use federated 
setups with trusted servers included. 

The WP4 team identified a few databases in the EMIF-EHR that could be of interestas matching data. 

• “Agenzia regionale di sanità della Toscana” (ARS) 

• “German Pharmacoepidemiological Research Database” (GePaRD) 

8.2. Methods, tools and processes 

In the following section, we describe the different considerations when identifying the two databases 
mentioned above.  

The fingerprinting in EMIF-EHR reveals that  “Agenzia regionale di sanità della Toscana” includes 
clinical diagnoses from five million in- and emergency-patients from the area of Firenze, Toscany, 
Italy. The registry was started in 1996 and the average follow-up time for a patient is nine years. They 
further state, “Administrative data of healthcare purchased (or administered) by each region (in Italy) 
are collected with the same national data model. ARS has a copy of the administrative data of the 
Tuscany region. Moreover ARS has a copy of the death and birth registry and of the malformation 
registry, and they can be linked at an individual level with the other health data available.” 

Thus, from the fingerprinting in the EMIF-EHR catalogue, this database could be used to validate 
Danish dementia trajectories, as clinical diagnoses for five million patients are included. Furthermore, 
the average follow-up time for a patient is nine years, which should be enough time to include a 
detailed disease history for most patients. The ARS database starts in 1996, which is compatible with 
the Danish NPR that starts in 1994.  

 

The  “German Pharmacoepidemiological Research Database” includes 20 million individuals from 
Germany and includes both in- and out- hospital diagnoses as well as primary care diagnoses. The 
fingerprinting of the GePaRD states, “GePaRD consists of claims data from four German statutory 
health insurance (SHI) providers covering about 20 million insurants throughout Germany. The 
population contained in this database represents approximately 20% of the German population of 
82.4 million inhabitants and covers all geographical regions of Germany. The database covers all SHI 
members, who have been enrolled in one of the four SHIs since 2004. That is, insurants enter the 
database with enrolment in one of the four SHIs and exit at end of enrolment or death.”  

One disadvantage of the GePaRD is that only individuals with certain health insurances are included 
in the database. There might be a bias in the population as they are all members of four chosen health 
insurance’s. Furthermore, as we do not know all details of the database, primary care and secondary 
care diagnoses might be mixed and not necessarily distinguishable. The database contains a large 
amount of individuals with an average follow-up time on six years and therefore it might still be 
interesting to discover the previous disease history of dementia patients within this database. 
However, we would need more information about the GePaRD to make the decision whether this 
database would be useful and appropriate for validation of dementia trajectories.  
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Additionally, there are several databases in the EMIF-EHR, which holds primary care records 
maintained by GPs or paediatricians.  Though, as these settings are very different and the way of 
recording diagnoses codes will vary between primary and secondary care, we prefer to validate the 
dementia comorbidity progression patterns in databases with higher comparability. A data 
harmonization effort will in any event be necessary.  

8.3. Assessment of availability and sustainability of the data sources 

At the moment of writing up this deliverable, no feedback have been returned on the request and 
therefore we’re still awaiting in which databases a validation of Danish Dementia trajectories could be 
done.  

9. Use Case 8 – BESIDE 
As part of WP3 and WP4, UM set up a collaboration with the ‘Identifying BESt practices In DEmentia 
care’ (BESIDE) study, which aims to identify and characterize best practices in care trajectories of 
community-dwelling persons with dementia and their caregivers. For the collaboration between 
ROADMAP and BESIDE, the aim was to investigate transitions between different types of care, 
common care trajectories, and durations of different care types within trajectories of persons with 
dementia in the Netherlands and compare these to a control group of persons without dementia in 
the Netherlands. Another aim was to examine whether persons with dementia have higher rates of 
hospitalization compared to persons without a diagnosis of dementia, and investigate differences in 
duration and number of hospitalizations and re-hospitalizations.  

9.1. Data sources 

Data from 3 Dutch health care registries were combined: 

Netherlands Institute for Health Services Research Primary Care Database (NIVEL-PCD): The 
NIVEL-PCD includes routinely recorded care data from 1.4 million patients from 381 general practices 
in the Netherlands. NIVEL-PCD information included in this study entails International Classification 
of Primary Care (ICPC) diagnoses and medication prescription Anatomical Therapeutic Chemical 
(ATC) classification system codes.   

Statistics Netherlands (CBS): The CBS registry is a nationwide administrative database and 
information included in this study entails demographics, health resource utilization, ATC medication 
prescriptions, and information on mortality.  

Dutch Hospital Data registry (DHD): The DHD registry includes information about the date of the 
hospitalization, duration of the hospitalization and the primary diagnosis related to the hospitalization.   
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9.2. Methods, tools and processes 

Combining routinely collected information from different registries allows for investigation of large 
cohorts over longer time periods with detailed information on health care utilization from dementia 
diagnosis to home care, institutionalization and to death. From the Netherlands Institute for Health 
Services Research Primary Care Database (NIVEL-PCD) registry, patients with a diagnosis of 
dementia were selected. Since the Statistics Netherlands (CBS) data cannot leave the secure 
environment, the NIVEL-PCD registry data was imported in the CBS environment and matched using 
a crypted number for each individual. Linkage using this crypted number was based on date of birth, 
gender and postal code via the Municipal Population Registry (MPR). Analyses are ongoing. 

10. Pilot feasibility study on BEHAPP smartphone data 
collection 

We performed a pilot study on feasibility of passive remote behavioural monitoring with the BEHAPP 
smartphone app (developed by RUG; (Eskes et al., 2016; Mulder et al., 2018) in Alzheimer’s disease 
(AD) patients. We recruited individuals with AD-type dementia, individuals experiencing subjective 
cognitive decline (SCD) and cognitive healthy controls from the memory clinic of the VU University 
Medical Centre (VUmc) (METC protocol 2016.061; Van der Flier, 2014) and via Hersenonderzoek.nl, 
a website based platform where individuals can register to participate in scientific research projects 
with the focus on neuropsychiatric disorders (METc protocol 2016.409).  

 

Through Hersenonderzoek.nl we invited 12 AD patients, 100 individuals with SCD and 2354 controls, 
of which 6 AD, 17 SCD, and 408 controls were willing to participate and of which 1 AD, 5 SCD, and 
244 controls installed the app. From the VUmc memory clinic, we contacted 50 AD patients and 131 
SCD individuals of which 3 AD and 17 SCD individuals were included. 

 

Preliminary analyses on communication, GPS data and app usage were performed on 8 AD patients 
(mean age=64.7 ± 3.6 years, 50.0% female), 7 individuals with SCD (mean age=60.8 ± 1.8 years, 
57.1% female) and 49 controls (mean age= 63.0 ± 1.1 years, 61.2% female). The number of unique 
contacts for incoming and outgoing calls and text messages was nominally lower in AD patients (5.5 
± 1.8 contacts) compared to individuals with SCD (15.6 ± 4.0 contacts, p<0.05). AD patients had more 
often contact with the same person as compared to SCD (AD vs. SCD: p<0.01). Preliminary results 
on GPS data suggest that AD patients spent more time at home compared to SCD individuals and 
controls (AD: 14193.7 ± 650.7 vs. SCD: 9271.2 ± 2336.7 vs. HC: 8565.6 ± 701.1, p=0.01). No 
differences were observed between diagnostic groups for app usage, e.g., total time spent on apps 
and number of used apps (all p>0.05).  

 

While very preliminary, these data seem to suggest that the relative level of willingness to participate 
in the BEHAPP study was higher in AD patients when compared to controls (both for the web based 
and clinical recruitment). Preliminary data analysis indicates that AD patients and controls have similar 
levels of app usage. Interestingly, preliminary differences in quantitative digital endpoint measures 
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related to social functioning (e.g., unique contacts) were observed between the AD and SCD controls. 
Data collection and analyses will be further expanded in collaboration with other IMI projects, such as 
the PRISM and RADAR-AD projects. 
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Conclusion and next steps 
This final report on proof of concept technical solutions for RWE data harmonisation and integration 
shows that solutions for the harmonization and integration of data are available in order to support 
Alzheimer Disease research in the EU. Main capabilities are currently focusing on cohort data and 
EHR data, which are either harmonized and available in the same secure location (EMIF-AD 
tranSMART), kept in original format but co-located in a secure environment (DPUK) or kept at original 
locations and ad-hoc extracted into a common data format including aggregation and analysis steps 
for each research project (EMIF-EHR Jerboa/EMIF-AD Switchbox/BESIDE-CBS environment), or 
kept and analysed at original locations with the results shared within the consortium. New capabilities 
to integrate continuous patient-generated data and validation of diagnosis in EHR records were 
explored as well. The usage of CT placebo data has been considered for disease modelling but was 
not yet used for the current Use Cases. 

Our several Use Cases as described above and further research studies will provide deeper evidence 
on best practices for the various ways of integrating and analysing the data. There is no one-model-
fits-all approach, since various data sources require different approaches due to: 

• variation in privacy and ethical requirements 

• level of data integration and data sharing allowed by data custodians 

• variations in data structure and original data standards of source data 

• geographical location of the data 

We worked on integrating knowledge and data access pathways at another layer, representing the 
central data cube (including meta-data), which guides and leads researchers to the right data at the 
right location with the appropriate methodology for their research question. 

Overall, it has been of benefit to have a close collaboration with disease-related projects (e.g. IMI 
EMIF, IMI EPAD, DPUK etc.) or overarching IMI projects (IMI BD4BO) to explore deeper synergies, 
shared learning and prepare for sustainability of capabilities and tools which were developed during 
the project phases. 
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Annex I. TEMPLATE for ROADMAP Scientific Questions 

TEMPLATE	-	ROADMAP:	Scientific	Questions		

BACKGROUND	
Please	describe	your	Scientific	Question	for	ROADMAP	by	completing	1	form	per	Scientific	Question	and	
send	 it	 to	 WP3	 leads	 Antje	 Hottgenroth,	 hottgenroth_antje@lilly.com	 and	 Pieter	 Jelle	 Visser,	
pj.visser@maastrichtuniversity.nl.	 Please	 also	 cc	 Sandra	 Pla,	 spla@synapse-managers, Stephanie Vos, 
s.vos@maastrichtuniversity.nl, Olin Janssen, olin.janssen@maastrichtuniversity.nl	and	your	own	WP	leads.	
The	WP3	team	will	evaluate	your	proposal	and	provide	support	in	contacting	data-owners	to	provide	
data	needed	to	solve	your	specific	Scientific	Question.	
	
RESEARCH	PLAN	add	short	title/acronym	here	
	
	Approved	by	WP	lead	

	
1. Project title  
Please add a descriptive project title here, from which the goal/topic of the Scientific Question (SQ) should be clear. 

 

2. Aims and objectives  

Please add a short description of the general aim & hypothesis to be assessed for this SQ and explain why it is important to address 
this SQ, and what is the benefit of doing this in the framework of ROADMAP. 

 

 

 

3. Study design & methods  

Please add a short overview of the number of subjects needed, inclusion/exclusion criteria to be applied, measures of interest, 
techniquees and tools to be used, overall approach – including any risks and alternative approaches for assessing this SQ. 

 

 

 

4. Outcomes  

Please add a comment on the expected outcomes for this SQ and how this links to the work done in the different WPs of ROADMAP 
(and any relevant milestones/deliverables). 

 

 

5. Timelines  

Please add a general overview of timelines, including clear (interim) deliverables. 
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6. Cohorts of interest  

Please indicate if you would like the WP3 team to search appropriate cohorts for your SQ and/or add any suggestions on which 
cohorts to be approached based on your own search. 

• Cohorts of DoW: 
 

• Other cohorts: 

 

7. Budget needed for analyses 

Please give a ball-park estimation of the budget needed for the proposed study. Please indicate the source of that budget (i.e 
allocated budget in ROADMAP, proposed budget from ROADMAP, other available budget etc.) 
 

 

8. Public interest 

Please describe shortly what the public interest is of your research question. 
 
 
	
APPLICANT	INFORMATION	
9. Principal investigator  
Please provide contact details for the PI for this SQ – This PI will also take responsibility for the monitoring of the work done for this 
SQ and reporting the results to the ROADMAP leadership team 

 

10. Key team members 
Please provide an overview of the key team members to be involved in solving this SQ. 
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Annex II. Jerboa technical manual 
 

 

 
 
	

Validation	of	Handels’	MMSE	Prediction	Model	
		
	
	

Data	Preparation	and	Processing	
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1 Introduction 
	
This	document	describes	the	creation	of	the	input	files	for	the	validation	study	of	the	MMSE	prediction	
model	developed	by	Handels	et	al.	(J	Alzheimers	Dis.	2013;37:357-65).	The	first	run	that	will	be	done	on	
these	input	files	is	a	Primary	Data	Extraction	and	Quality	Control	run	using	Jerboa.	Jerboa	is	used	in	a	
so-called	distributed	network	in	which	each	database	is	elaborated	locally	and	analytical	anonymized	
datasets	can	be	shared	(figure	1).		
	
Jerboa	runs	on	the	JAVA	platform	on	any	modern	computer.	
	

	
Figure	1.	Jerboa	model	for	distributed	computing	on	databases.	

	
The	output	of	the	program	can	be	viewed	and	approved	by	the	data	custodian	locally.	An	encrypted	
copy	of	the	output	is	also	created	that	needs	to	be	uploaded	to	the	Remote	Research	Environment	called	
Octopus	at	Erasmus	MC	for	further	analysis	as	shown	in	figure	2.		
	

	
Figure	2.	Octopus	Remote	Research	Environment.	
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2 Jerboa data preparation 
	
For	the	the	validation	study	of	Handels	et	al.	we	need	three	input	files:	patients.txt,	measurements.txt,	
and	events.txt.	We	do	not	use	prescriptions.	
	
The	following	format	is	used	for	the	patient	IDs	and	dates:	

10.1.1. Patient IDs 

A	patient	ID	is	an	alphanumeric	string	of	characters	that	uniquely	identifies	a	patient.	Patient	IDs	can	be	
numbers	(1,	2,	3,	etc.)	or	combination	of	numbers	and	letters	(a01,	a02,	b01,	etc.).	Maximum	length	of	
the	Patient	ID	is	32	characters.		
	
Important:	No	duplicate	patient	IDs	are	allowed.	

10.1.2. Date formatting 

All	dates	should	be	formatted	as	YYYYMMDD.	
	
For	example:	the	28th	of	March,	2008,	is	formatted	as:		
	
20080328		
	
File format 
	
The	input	files	should	be	in	CSV	(Comma-Separated	Values)	format.	The	first	row	should	contain	the	
column	headers	(the	column	header	names	provided	below	per	file	are	mandatory).	The	order	of	the	
columns	and	rows	is	not	important.		
	
Note	that	missing	values	are	not	allowed	except	if	specified!	If	a	record	in	an	input	file	contains	a	
missing	value,	the	entire	record	is	considered	inconsistent	and	placed	in	a	list	of	erroneous	records.	
Jerboa	will	automatically	detect	the	patient	file	based	on	the	header	so	the	name	of	the	file	is	irrelevant	
(we	suggest	to	add	a	date	to	your	input	filenames,	for	example	2013-05-10-Patient.txt,	to	keep	track	of	
multiple	versions).	
		
Important:	The	input	file	is	always	checked	for	integrity	before	processing.	If	inconsistencies	are	
found,	an	error	log	is	produced	for	each	input	file	and	the	user	is	asked	to	correct	all	errors	before	
continue.	  
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10.1.3. Patient.txt 

The	patient	file	has	one	record	for	each	patient	in	your	source	population,	containing	the	following	
variables:	
	
PatientID	 Patient	Identifier	
BirthDate	 Date	of	birth	
Gender	 Gender	of	the	patient	
StartDate	 Date	from	which	the	patient	is	eligible	to	start	follow-up		in	the	study.	This	is	

typically	the	date	the	patient	is	entered	into	the	registration	system	(date	of	
registration	with	insurance/region,	date	GP	started	to	collaborate)	

EndDate	 Date	that	follow-up	for	this	patient	ends	from	a	database	perspective		(e.g.	end	
of	registration	with	GP,	insurance,	moving	out,	death,	last	data	draw	down	
(whichever	is	earliest)	

	
NOTE:	include	all	patients	of	your	source	population.	The	cut-offs	required	by	the	validation	study	will	
be	performed	by	Jerboa	(e.g.,	implementing	the	age	limit	of	75	years	of	age	of	older).		
	
Example	of	patients	input	file:	
	
patientid,gender,birthdate,startdate,enddate	
1,F,19590601,19950802,20050701	
2,M,19830301,19960912,20060903	
	
Gender	
The	gender	of	a	patient	can	have	one	of	the	following	values:	
	
FEMALE	 	 	 F	
MALE		 	 	 M	
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10.1.4. Events.txt 

This	input	file	contains	information	about	the	diagnostic	events	of	the	patients	in	Patient.txt.		
	
PatientID	 Patient	identifier	
Date	 Date	of	the	event	
EventType	 Type	of	event	(see	below)	
Code	 Optional	diagnostic	code	or	free	text	
		
No	missing	values	for	these	variables	are	allowed,	except	for	Code.	
	
The	following	events	need	to	be	extracted	(see	the	Statistical	Analysis	Plan	for	details	on	mapping):	
	
EventType	 Description	
DementiaAD	 Dementia,	Alzheimer	
DementiaVascular	 Dementia,	vascular	
DementiaOther	 Dementia,	other	causes	

Note:	Create	this	event	for	cases	where	another	type	
of	dementia	(that	is,	not	Alzheimer	or	vascular)	is	
known,	e.g.,	frontotemporal,	Morbus	Pick,	Lewy	
bodies,	Kreutzfeld,	posterior	cortical	atrophy.	The	
specific	type	does	not	have	to	be	specified.		

DementiaNOS	 Dementia,	Not	Otherwise	Specified	
Note:	Create	this	event	for	cases	where	further	sub-
classification	by	type	of	dementia	is	not	possible.	

	
Example	of	events	input	file:	
	
patientid,date,eventtype,code	
1,20040601,DementiaAD,,	
	
	
NOTE:	include	all	events	for	all	patients	of	your	source	population.	The	cut-offs	required	by	the	
validation	study	will	be	performed	by	Jerboa	(e.g.,	implementing	the	age	limit	of	75	years	of	age	of	
older).		
	
NOTE:	Different	event	types	may	be	specified	per	patient	(e.g.,	DementiaNOS	and	DementiaAD),	as	well	
as	multiple	occurrences	of	the	same	event	type	(e.g.,	DementiaAD	diagnosed	at	more	than	one	date).	
Jerboa	determines	the	final	event	type	and	occurrence.	
	
NOTE:	If	a	patient	has	been	diagnosed	with	a	mixed	dementia	(e.g.,	AD	and	vascular	dementia),	the	
event	types	corresponding	with	the	constituent	types	of	dementia	(i.e.,	DementiaAD	and	
DementiaVascular)	have	to	be	specified	with	the	same	date	of	diagnosis.	
	
Clinical	definitions:	
	
We	distinguish	three	types	of	dementia	in	this	study:	Alzheimer’s	disease	dementia	(DementiaAD),	
vascular	dementia	(DementiaVascular),	and	dementia	due	to	other	causes	(DementiaOther).	In	addition,	
the	diagnosis	Dementia	Not	Otherwise	Specified	(DementiaNOS)	refers	to	patients	with	dementia	
where	the	type	of	dementia	is	not	known.	
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Alzheimer’s	dementia	is	the	most	common	cause	of	dementia	(for	the	different	types	of	dementia,	we	
used	definitions	provided	by	https://www.alzheimers.org.uk).	The	word	dementia	describes	a	set	of	
symptoms	that	can	include	memory	loss	and	difficulties	with	thinking,	problem-solving	or	language.		
Alzheimer’s	disease,	named	after	the	doctor	who	first	described	it	(Alois	Alzheimer),	is	a	physical	
disease	that	affects	the	brain.	During	the	course	of	the	disease,	proteins	build	up	in	the	brain	to	form	
structures	called	‘plaques’	and	‘tangles’.	This	leads	to	the	loss	of	connections	between	nerve	cells,	and	
eventually	to	the	death	of	nerve	cells	and	loss	of	brain	tissue.	People	with	Alzheimer’s	also	have	a	
shortage	of	some	important	chemicals	in	their	brain.	These	chemical	messengers	help	to	transmit	
signals	around	the	brain.	When	there	is	a	shortage	of	them,	the	signals	are	not	transmitted	as	
effectively.			
	
Vascular	dementia	is	the	second	most	common	type	of	dementia.	The	word	dementia	describes	a	set	of	
symptoms	that	can	include	memory	loss	and	difficulties	with	thinking,	problem-solving	or	language.	In	
vascular	dementia,	these	symptoms	occur	when	the	brain	is	damaged	because	of	problems	with	the	
supply	of	blood	to	the	brain.			
	
Dementia	due	to	other	causes	includes	the	following	diagnoses:		
Dementia	with	Lewy	bodies.	Dementia	with	Lewy	bodies	(DLB)	is	a	type	of	dementia	that	shares	
symptoms	with	both	Alzheimer’s	disease	and	Parkinson’s	disease.	It	may	account	for	10-15	per	cent	of	
all	cases	of	dementia.	Lewy	bodies	are	named	after	the	German	doctor	who	first	identified	them.	They	
are	tiny	deposits	of	a	protein	(alpha-synuclein)	that	appear	in	nerve	cells	in	the	brain.	Researchers	don’t	
have	a	full	understanding	of	why	Lewy	bodies	appear,	or	exactly	how	they	contribute	to	dementia.	Lewy	
bodies	are	the	cause	of	DLB	and	Parkinson’s	disease.	They	are	two	of	several	diseases	caused	by	Lewy	
bodies	that	affect	the	brain	and	nervous	system	and	get	worse	over	time.	These	are	sometimes	called	
Lewy	body	disorders.	The	way	someone	is	affected	by	DLB	will	depend	partly	on	where	the	Lewy	
bodies	are	in	the	brain.	People	with	a	Lewy	body	disorder	can	have	problems	with	movement	and	
changes	in	mental	abilities	at	the	same	time.		
Frontotemporal	dementia.	Frontotemporal	dementia	is	one	of	the	less	common	types	of	dementia.	The	
term	covers	a	wide	range	of	different	conditions.	It	is	sometimes	called	Pick’s	disease	or	frontal	lobe	
dementia.	The	word	‘frontotemporal’	refers	to	the	lobes	of	the	brain	that	are	damaged	in	this	type	of	
dementia.	The	frontal	lobes	of	the	brain,	found	behind	the	forehead,	deal	with	behaviour,	problem-
solving,	planning	and	the	control	of	emotions.	An	area	of	usually	the	left	frontal	lobe	also	controls	
speech.	The	temporal	lobes	–	on	either	side	of	the	brain	–	have	several	roles.	The	left	temporal	lobe	
usually	deals	with	the	meaning	of	words	and	the	names	of	objects.	Frontotemporal	dementia	occurs	
when	nerve	cells	in	the	frontal	and/or	temporal	lobes	of	the	brain	die,	and	the	pathways	that	connect	
the	lobes	change.	Some	of	the	chemical	messengers	that	transmit	signals	between	nerve	cells	are	also	
lost.	Over	time,	as	more	and	more	nerve	cells	die,	the	brain	tissue	in	the	frontal	and	temporal	lobes	
shrinks.	When	the	frontal	and/or	temporal	lobes	are	damaged	in	this	way,	this	causes	the	symptoms	of	
FTD.	These	include	changes	in	personality	and	behaviour,	and	difficulties	with	language.	These	
symptoms	are	different	from	the	memory	loss	often	associated	with	more	common	types	of	dementia,	
such	as	Alzheimer’s	disease.		
Creutzfeldt-Jacob	disease.	Creutzfeldt-Jakob	disease	(CJD)	is	caused	by	an	abnormally	shaped	protein	
called	a	prion	infecting	the	brain.	Sporadic	CJD,	which	normally	affects	people	over	40,	is	the	most	
common	form	of	the	disease.	It	is	estimated	that	the	disease	affects	about	one	out	of	every	1	million	
people	each	year.	It	is	not	known	what	triggers	sporadic	CJD,	but	it	is	not	known	to	be	inherited	or	
otherwise	transmitted	from	person	to	person.	A	more	recently	identified	form	of	CJD,	called	new	
variant	CJD,	was	caused	by	eating	meat	from	cattle	infected	with	bovine	spongiform	encephalopathy	
(BSE).	This	typically	affected	younger	adults.	In	new	variant	CJD,	there	may	be	many	years	between	a	
person	being	infected	and	the	development	of	symptoms.	In	sporadic	CJD,	the	disease	usually	
progresses	within	a	few	months.	Early	symptoms	include	minor	lapses	of	memory,	mood	changes	and	
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loss	of	interest.	Within	weeks	the	person	may	complain	of	clumsiness	and	feeling	muddled,	become	
unsteady	walking,	and	have	slow	or	slurred	speech.	Symptoms	progress	to	jerky	movements,	shakiness,	
stiffness	of	limbs,	incontinence	and	loss	of	the	ability	to	move	or	speak.	By	this	stage	the	person	is	
unlikely	to	be	aware	of	their	surroundings	or	disabilities.	People	affected	by	CJD	usually	die	within	six	
months	of	their	early	symptoms	developing.	In	a	small	number	of	patients	the	disease	may	take	longer	
to	run	its	course.		
Posterior	cortical	atrophy.	Posterior	cortical	atrophy	(PCA),	also	known	as	Benson’s	syndrome,	is	a	rare	
degenerative	condition	in	which	damage	occurs	at	the	back	(posterior	region)	of	the	brain.	In	the	vast	
majority	of	people,	the	cause	of	PCA	is	Alzheimer’s	disease.	The	first	symptoms	of	PCA	tend	to	occur	
when	people	are	in	their	mid-50s	or	early	60s.	However,	the	first	signs	are	often	subtle	and	so	it	may	be	
some	time	before	a	formal	diagnosis	is	made.	Initially,	people	with	PCA	tend	to	have	a	relatively	well-
preserved	memory	but	experience	problems	with	their	vision,	such	as	difficulty	recognising	faces	and	
objects	in	pictures.	They	may	also	have	problems	with	literacy	and	numeracy.	These	tasks	are	
controlled	by	the	back	part	of	the	brain,	where	the	initial	damage	in	PCA	occurs.	As	damage	in	the	brain	
spreads	and	the	disease	progresses,	people	develop	the	more	typical	symptoms	of	Alzheimer’s	disease,	
such	as	memory	loss	and	confusion.	There	are	no	specific	medications	for	the	treatment	of	PCA	but	
some	people	find	medications	for	Alzheimer’s	disease	helpful.	
	
Mixed	dementia.	A	given	patient	can	have	more	than	one	type	of	dementia	–	a	mixed	dementia.	For	
patients	who	have	been	diagnosed	with	mixed	dementia,	the	data	custodians	are	asked	to	create	the	
different	dementia	event	types	that	constitute	the	mixed	dementia,	with	the	same	date	of	diagnosis.	
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10.1.5. Measurements.txt 

This	input	file	contains	information	about	measurements,	vital	signs	and	laboratory	values	of	the	
patients	in	Patient.txt.		
	

	
No	

missing	values	for	these	variables	are	allowed.	
	
	
	

	
	
	
Example	of	measurements	input	file:	
	
patientid,date,measurementtype,value	
1001,20150202,MMSE,16	
	
	
NOTE:	Please	include	all	measurements	of	all	patients	of	your	source	population,	but	only	if	the	possible	
values	of	the	MMSE	measurements	range	from	0	to	30.	Exclude	MMSE	measurements	if	the	maximum	
attainable	value	is	less	than	30,	e.g.,	when	not	all	areas	of	cognitive	function	that	are	part	of	the	MMSE	
were	tested.	
	  

PatientID	 Patient	identifier	
MeasurementType	 Type	of	the	measurement	(see	table	below)	
Date		 Date	of	the	measurement	
Value	 Value	of	the	measurement	

MeasurementType	 Description	 Possible	values		
MMSE	 Mini-Mental	State	Examination	 0-30	
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10.1.6. How to run Jerboa? 

	
Prerequisites	
	
Jerboa	requires	the	latest	Java	version	in	order	to	run.	You	can	download	it	from	here:	
http://www.java.com/en/download/manual.jsp/  
 
Following this link, choose the appropriate Java version for your operating system (e.g., Windows, Mac OS X, 
Linux) and its type (e.g., 32 bits or 64 bits). To find out what type of operating system you are running, do the 
following: 

- On Windows : right click on My Computer à Properties à see System Type 
- On Linux: open a terminal (Ctrl + Alt + T) and type “getconf LONG_BIT” 

 
Instructions	on	how	to	install	Java	can	be	found	here	as	well,	but	if	you	need	help	please	let	us	know.	
Possibly,	you	need	the	help	of	your	local	technical	staff	with	administrator’s	rights	to	install	new	
software	on	your	machine.	
	
Downloading	the	latest	version	of	Jerboa	and	the	script	from	Octopus	
	
The	database	owners	need	to	have	access	to	Octopus	to	be	able	to	download	and	upload	files.	If	you	do	
not	have	access	yet,	please	ask	for	an	application	form	by	sending	an	email	to	rre@erasmusmc.nl.	
	
The	latest	version	of	Jerboa	and	the	script	for	the	current	run	can	always	be	found	in	Octopus	using	
FileZilla.	Instructions	on	how	to	use	FileZilla	can	be	found	in	the	documentation	and	video	sent	to	all	
Octopus	users.		
	
When	you	login	using	FileZilla	you	will	see	a	folder	named	Jerboa-<Project	Name>.	In	this	folder	you	
can	find	a	zip	file	with	Jerboa,	the	script	(.jsf),	and	documentation.	
Download	and	unzip	the	zip	file	into	a	folder	and	copy	the	script	file	into	the	folder	containing	your	
input	files.	
	
Running	Jerboa	
	
Double-click	on	the	JerboaReloaded.jar	file	to	start	Jerboa.	After	accepting	the	license,	you	will	see	the	
screen	in	Figure	1.		
	

	
	

	

	

	

	

	

Figure	11.	Opening	a	working	folder	
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1. You	can	choose	your	working	folder	containing	the	input	data	file	by	clicking	the	browse	button.	In	
the	first	run	of	the	Jerboa	software,	the	folder	where	the	JerboaReloaded.jar	file	is	located	is	
selected	as	default.	If	this	folder	corresponds	to	the	location	of	your	input	file(s),	just	press	OK.	
Previously	used	workspaces	are	remembered	and	available	to	open	by	clicking	the	dropdown	list	at	
the	left	of	the	browse	button.		

	
Important:	Make	sure	that	the	provided	script	file	(e.g.,	script.jsf)	is	in	your	chosen	working	folder.		
	
2. Once	a	working	folder	is	selected	press	OK	to	continue.	The	screen	in	Figure	2	will	appear.	As	long	

as	the	patient	file	contains	all	mandatory	columns,	it	will	automatically	be	loaded	and	recognized,	as	
shown	in	the	Patients	file	panel	on	the	upper	side	of	the	screen.	If	no	patient	file	is	found	this	will	be	
indicated.	Note	that	multiple	patient	files	in	the	same	folder	are	not	allowed	for	this	run.	

	
	

Figure	2.	The	application	has	successfully	loaded	the	patients	file	

	
	

3. Now click the start button and select your database. If your database is not listed, you can add it using the 
add button. 

	
	
	
 
 
	

	
Figure	3.	Selecting	your	database	

	
 

4. The application will check the input files and will report any errors found. 
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4.a	If	errors	are	found	in	the	input	file(s),	the	user	is	informed	as	shown	in	Figure	4.	
	

	
Figure	4.		Errors	in	the	input	file(s)	

	
The	user	can	check	the	errors	by	clicking	the	«	View	»	menu	and	selecting	«	File	Errors	».	The	screen	
shown	in	Figure	5	will	appear	showing	on	the	left	side	the	error	message	and	on	the	right	side	the	
actual	content	of	the	record	in	the	input	file.	Alternatively,	an	error	log	file	is	generated	for	each	input	
file.	These	files	can	be	found	in	the	«	logs	»	folder	of	the	current	Jerboa	run.		
	
Important:	In	the	working	folder,	a	folder	called	«	jerboa	»	is	created.	This	folder	contains	all	the	files	
generated	during	each	run	of	the	Jerboa	software.	For	each	run,	an	individual	folder	is	created	inside	
the	«	jerboa	»	folder.	The	folder	name	is	formed	by	the	date	of	the	run	and	the	run	number.	This	will	
allow	you	to	keep	a	log	of	previous	runs.	Figure	6	shows	an	example	of	the	folder	structure	created	after	
a	run.		
	
	

	
	

Figure	5.	Results	file	checking	
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Figure	6:	Folder	structure	created	during	Jerboa	runs	

4.b.	If	no	errors	are	found	in	the	input	file(s)	the	application	will	proceed.	An	indication	of	the	time	left	
to	finish	the	current	step	is	given	in	the	progress	bar	on	the	bottom	of	the	screen.	
	

	
Figure	7.	Input	data	checking	was	successful	and	processing	the	data	following	the	script	

During	the	run	feedback	is	given	in	the	form	of	a	graph	showing	the	active	male	and	female	patients	in	
your	database	per	year.	For	each	newly	generated	graph	a	tab	is	created	on	the	top	of	the	window.		
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Primary	Data	Extraction	Module	(PDE)	
	
The	PDE	extracts	some	basic	information	about	your	patient	input	file.	For	example,	the	number	of	
active	patients,	births,	start	dates,	etc.	
	
In	Figure	8	some	examples	are	shown.	
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Figure	8.	Examples	on	simulated	data	

	
Some	of	the	graphs	are	generated	for	males	and	females	seperately	(use	Next	and	Previous	buttons).	It	
is	possible	to	zoom	in	by	drawing	a	zoom	window	in	the	Graph.	If	you	drag	to	the	left	the	graph	will	
zoom	out	to	its	original	view.	Right-click	for	more	zooming	options	like	zooming	only	one	axis	or	print	
the	graph.	In	the	result	folder	a	pdf	is	created	containing	all	the	plots.		
	
Quality	Control	Module	(QCM)	
	
The	QCM	creates	an	overview	of	the	events	and	their	codes,	and	measurements	in	your	input	files.	This	
allows	you	to	double	check	that	you	are	not	missing	items	or	see	unexpected	data.	Please	have	a	good	
look	at	these	graphs!	
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Figure	9.	Example	of	Quality	Control	Module	Graphs	
	

On	the	left	(see	figure	9)	you	can	select	many	parameters	that	might	be	of	interest	to	you.	This	module	
also	generates	a	pdf	file	in	the	result	folder	and	a	number	of	txt	files	that	will	be	encrypted	in	the	.enc	
file	(see	below)	for	sharing.	The	PI	of	the	study	will	double	check	these	files	as	quality	control	after	
uploading	to	our	server.	
	
5. In	the	final	step	Jerboa	will	produce	an	.enc	file.	This	is	an	encrypted	file	containing	the	output	files.	

The	file	is	to	be	found	in	the	folder	of	the	current	run	(e.g.,	MyFolder/Data/jerboa/2013-05-09-
03/).	The	location	is	also	shown	in	the	console	(or	click	on	Results).	This	file	should	be	sent	to	EMC	
following	the	procedure	described	below.	

	
Sending	data	to	EMC	with	the	use	of	Octopus	
	
The	.enc	file	should	be	uploaded	to	Octopus	using	the	FileZilla	procedure	as	described	in	the	Octopus	
instructions.	Please	create	a	folder	with	the	name	of	the	project	in	your	upload	folder	and	upload	the	
Jerboa	output	there.	
	
Send	an	email	to	rre@erasmusmc.nl	with	subject	“[RRE	FTP]	ROADMAP	Val1	upload	from	database	
<database	name>”.	
	
For	any	questions	regarding	Jerboa	or	Octopus,	please	use	the	same	email	address.	
	

 

 


