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Introduction  

What is personalised medicine?  

Medicine has always been personal, but the extent of personalisation for each individual has varied. 
The evolution of DNA sequencing, along with its dramatically declining cost, has resulted in an 
increased understanding of genomic variants in human health and subsequently a greater degree of 
personalisation within healthcare (1, 2).  

Personalised Medicine (PM), also termed precision medicine and sometimes genomic medicine, 
represents an innovative approach to the provision of healthcare that cuts across various sectors 
including (but not limited to) research communities, industry, funding and regulatory bodies, and 
nation healthcare systems (3). While there is no universal definition of PM, inspired by the Horizon 
2020 Advisory Group for Health  (4) we adopt the following definition: Personalised Medicine refers 
to a model using characterisation of individuals’ phenotypes and genotypes (e.g. molecular profiles, 
medical imaging, medical history, and lifestyle data) to tailor the right intervention strategy for the 
right person at the right time, and/or determine the predisposition of disease, and/or to deliver timely 
and targeted prevention . PM holds real promise for improving both individual and overall population 
health, and the sustainability of healthcare systems across the globe (4). The full potential of PM can 
be realised through different approaches, including the stratification of patients into subgroups using 
specific markers and the integration of omics and lifestyle data to enable in silico modelling to support 
clinical decision-making (4).  

What are data sources and how are they fundamental for personalised medicine?  

Central to life science research, and indeed, PM, is the collection, analysis, and implementation of 
‘data’. In this context we are defining ‘data’ to mean any data relevant for developing PM methods. In 
the last four decades, there has been an exponential growth in life sciences data, resulting in the 
creation of thousands of data resources to store, curate, and share this data (5, 6). There are a large 
number of established data repositories, collections, and centres that are in existence currently and 
are accessible online. These data sources vary in the scope of data housed, ranging from ecological 
studies, oceanographic expeditions, gene sequences, protein structures, toxicological assays, and 
more (7). Data sources in the context of this report encompass any dataset (or project) that provide 
data that is relevant to the personalisation of medicine. The aim of this report is to give an overview 
of which types of data are relevant for PM and what standards are used for different types of data 
relevant for PM. 

Types of data sources 

Data repositories  

A data repository, also called data archive or data library, is a general term used to refer to a 
destination designated for data storage. The purpose of a data repository is to keep a certain 
population of data isolated so that it can be mined for analytical purposes at a later date. Overall, data 
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repositories support analytical methods and modelling approaches to help reach the goal of PM. There 
are a variety of data repositories, this report will focus on reference databases and cohort data.  

Reference databases  

Reference databases are a type of established science data repositories. These data resources 
represent a type of research infrastructure which is virtual and distributed and researchers across the 
globe can access them without needing consent. Reference databases consist of aggregated and 
harmonised data from a large range of projects that make summary data available for the wider 
scientific community. They span across different types of biological data, including genomic, 
expression, sequence data, proteomics, metabolomic, epigenetic, and microbiome. Depending on the 
type of database, it houses carefully curated datasets or takes depositions from wider communities 
and can be closed or open access. For examples of reference databases please refer to Table 1.  

Reference databases can be used for various purposes such as validating research or comparing a 
particular biomarker across different populations. They have been used in a research setting for the 
past two decades and play a critical role in health research as they are responsible for ensuring its 
quality and reproducibility (8). Recognising the importance of reference databases and their value in 
health research especially, almost all funders and scientific journals now strongly recommend or 
require deposition of research data into open access data resources. These requirements are however 
often in conflict with core privacy principles of EU (9). Most of the data used in PM is by nature 
personal, e.g. medical history and genetic data, and thus cannot according to GDPR be shared even in 
pseudonymized form without adequate safeguards such as giving the research subjects rights to 
control the processing of their data including withdrawal of data. This is in conflict with how most data 
repositories operate currently. A further problem with sharing of data is that according to GDPR 
sharing of personal data outside the European Economic area requires use of the European 
Commission standard contractual clauses accompanied by thorough legal assessments which is 
currently complicating sharing outside Europe (10). Specifically the current EU standard clauses are in 
conflict with US federal law making sharing of data with researchers from US complicated (10). 

Case-control data 

Case-control studies are retrospective observational studies in which individuals with the outcome 
(cases) and without the outcome (controls) are clearly defined at the time of study. Case-control 
studies retrospectively assess the statistically significant difference in the rates of exposure to a 
defined risk factor(s) between the cases and controls. Case-control studies should include cases and 
controls that are identical except for their outcome which often is disease status. Case-control studies 
can suggest associations between the risk factor and development of the disease, however, no 
causality can be drawn.  

Selection of cases and controls is probably the most important step in conduct of a case-control study. 
Cases are often selected from reliable sources such as a disease registry and included in the study 
based on objective inclusion and exclusion criteria. Controls should also be selected carefully and 
should be matched to cases on the basis of various factors (e.g. age, sex, ethnicity) to ensure an 
unconfounded estimation of the associations.  
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Due to their retrospective design cases-control studies are more prone to biases such as selection bias, 
recall bias, etc than cohort studies. Nevertheless, case-control studies are cheap (compared to cohort 
studies) and can provide fast results, in particular for the studies of rare diseases or diseases with long 
latency periods. An example of a case-control study is the Environment in Multiple Sclerosis (EIMS) 
cohort study (11). The EIMS study recruits newly diagnosed multiple sclerosis (MS) patients and non-
MS population based matched controls in Sweden. Cases and controls in the study answer an 
extensive life-style/environmental questionnaire and donate biological samples for further analysis. 
The EIMS study has been a basis for many scientific investigations on the association between 
environmental and genetic factors and risk of MS.  

Cohort data  

Cohort data plays an essential role in medical research. A cohort study is a type of longitudinal 
observational study that investigates incidence, cause, and/or prognosis of disease and aims at 
establishing links between risk factors and disease outcomes. Cohort studies are often designed with 
particular research questions in mind. As related to the level and quality of evidence, cohort studies 
are ranked below meta-analysis and randomised controlled trials but higher than case–control studies, 
cross sectional studies and case series/reports.  

A major strength of a cohort study is the fact that multiple outcomes can be investigated. On the other 
hand cohort studies can be expensive and time-consuming as for reliable findings they need to include 
large populations and long periods of observation for sufficient number of cases to develop. 
Occasionally cohort studies are the only way to explore certain outcomes, for example, when it is 
unethical or impractical to conduct a randomised control trial or for situations when it is not known 
what treatment or exposure should be used in a randomised control trial. 

The landscape of cohort data is vast and varied. In addition to the aforementioned example, there are 
several other national or international cohorts such as the Personal Genome Project (PGP)1, the Danish 
Blood Donor Study (DBDS)2 or pan-European studies such as European Prospective Investigation into 
Cancer and Nutrition (EPIC)3. Furthermore, there are directories such as the UK Medical Research 
Council’s Cohort Directory4 and the EU Joint Programme - Neurodegenerative Disease Research 
(JPND) Global Cohort Portal5 which is a searchable catalogue of cohort studies that covers both 
disease-focused and general population studies.  

Data from cohort studies has been and needs to continue to be deposited in global or disease specific 
repositories such as Dryad or Project Datasphere, respectively, to promote a more connected data 
ecosystem in clinical research by applying the FAIR (Findable, Accessible, Interoperable, and Reusable) 
data principles6. Deposition of cohort data into repositories is beneficial as it provides stable, long-
term housing of the data, improves the security and quality of archiving through active data curation, 
increases the discoverability of data through the application of metadata (i.e. data about the data) 
schemes, and facilitate the processes of request and transfer of data from generators to users, as well 

                                                           
1 https://www.personalgenomes.org/ 
2 https://www.danishnationalbiobank.com/danish-biobank-register 
3 https://epic.iarc.fr/ 
4 https://mrc.ukri.org/research/facilities-and-resources-for-researchers/cohort-directory/ 
5 https://www.neurodegenerationresearch.eu/ 
6 https://www.dtls.nl/fair-data/personal-health-train/ 

https://www.personalgenomes.org/
https://www.danishnationalbiobank.com/danish-biobank-register
https://epic.iarc.fr/
https://mrc.ukri.org/research/facilities-and-resources-for-researchers/cohort-directory/
https://www.neurodegenerationresearch.eu/
https://www.dtls.nl/fair-data/personal-health-train/
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as tracking data utilisation7. One of the biggest limitations is that many existing repositories are not 
adequately set-up for clinical studies, and do not fully support the forms of restricted access often 
required for datasets containing individual patient data8. One way to overcome this is to enable 
effective, cross-border access to data, in a coordinated, secure, federated environment that enables 
population-scale genomic, phenotypic, biomolecular, and clinical data to be accessible across 
international borders.  

Data Repository of cohort data – Federated EGA 

The European Genome Phenome Archive (EGA)9 is a resource for the permanent archiving and sharing 
of controlled-access genetic and phenotypic human data resulting from biomedical research projects. 
The EGA is one of several ELIXIR Core Data Resources and is the recommended repository for sensitive 
human data (8).  

The EGA is in the process of becoming a federated model, which will enable data to be hosted locally 
at e.g. research institutes, laboratories, clinics, etc. at ELIXIR Nodes. The overall goal is to provide 
secure, standardised, documented and interoperable services under the framework of the EGA. The 
fundamental principle of the EGA federated framework is that data sets remain within appropriate 
jurisdictional boundaries; whereas, metadata (for example, data set descriptions) are centralised and 
searchable through a common application programming interface (API). After data discovery, access 
to the data themselves can be requested from the source, for example, by applying to a data access 
committee, to establish agreements for data use.  

As demonstrated above, data and metadata collected by disparate cohorts varies greatly, and the 
information is collected for different purposes. Standardisation and interoperability of these data is 
critical to prevent seclusion of data in silos and can be achieved through the application of FAIR—that 
is findable, accessible, interoperable, and reusable—data principles, thereby benefiting the cohort 
owner and the wider community. ELIXIR is committed to the coordination of metadata standards for 
such data, for example, within the Federated Human Data Community, and ensuring alignment with 
international project such as CINECA10, and international collaborations e.g. International HundredK+ 
Cohorts Consortium (IHCC)11 and the Global Alliance for Genomics and Health (GA4GH)12. 

Biobank data  

The collection of biological samples is not a new concept; however, it has historically been conducted 
on a case-by-case basis13. Over the last decade, significant investments from funding agencies, 
improvements in technologies, and developments in standards for the collection, storage, and use of 
samples has resulted in the creation of sizeable biobanks that have become crucial resources for 
biomedical research(12, 13),14. 

                                                           
7 https://www.dtls.nl/fair-data/personal-health-train/ 
8 https://www.dtls.nl/fair-data/personal-health-train/ 
9 https://ega-archive.org/ 
10 https://www.cineca-project.eu 
11 https://ihccglobal.org/ 
12 https://www.ga4gh.org/ 
13 https://www.bbmri-eric.eu/wp-content/uploads/BBMRI-Biobanks-and-the-Public.pdf 
14 https://www.bbmri-eric.eu/wp-content/uploads/BBMRI-Biobanks-and-the-Public.pdf 

https://www.dtls.nl/fair-data/personal-health-train/
https://www.dtls.nl/fair-data/personal-health-train/
https://ega-archive.org/
https://www.cineca-project.eu/
https://ihccglobal.org/
https://www.ga4gh.org/
https://www.bbmri-eric.eu/wp-content/uploads/BBMRI-Biobanks-and-the-Public.pdf
https://www.bbmri-eric.eu/wp-content/uploads/BBMRI-Biobanks-and-the-Public.pdf
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A biobank, in its simplest form, is a repository for biological samples and associated personal health 
information collected in a systematic fashion (14). Biobanks can be grouped into two categories: 
disease-specific or population-based. Disease-specific biobanks gather information and material from 
individuals who have a particular disease or condition. Tumour banks are a great example, as they can 
guide clinical decision-making in addition to contributing to research (15). The number of individuals 
included in disease-specific biobanks can vary and is typically smaller than population-based biobanks 
where individuals are recruited from the general population, often on the basis of their residence, and 
are mainly used for research purposes (16). 

The UK Biobank, an example of a population-based biobank, is a national initiative that recruited 
500,000 people aged between 40-69 years in 2006-2010 from across the country to take part in this 
project. They have undergone measures, provided blood, urine, and saliva samples for future analysis, 
as well as detailed information about themselves and agreed to have their health followed. Over many 
years this biobank will become a powerful resource to help scientists develop a better understanding 
of differences between disease onset between individuals. Population-based biobanks, relative to 
disease-specific ones, are more flexible as they are set-up to support a broad range of scientific 
investigations such as cross-sectional and case-controlled studies over a number of years (16). 
However, for rare conditions disease specific biobanks will be more useful than population-based 
biobanks as there will not be sufficient number of individuals with a given condition. 

Biobanks have promoted a paradigm shift from a “one size fits all” approach and have laid the 
foundation to a more personalised approach. The availability of clinically relevant and carefully 
curated biological material has enabled the stratification of patients based on specific characteristics 
resulting in the creation of more targeted therapies with reduced side effects, development of in silico 
models, as well as improved clinical trial designs and prevention strategies (13).  

However, the utility of biobanks remains questioned, as their value is linked to its content, specific 
practices used in the management of materials and data, and consent procedures (14). Biobanking 
practices widely vary both nationally and internationally, and represent a huge barrier to cross-border 
research and collaborations. Successfully overcoming these barriers and harmonising the fragmented 
European biobanking community is the Biobanking and Biomolecular Resources Research 
Infrastructure (BBMRI-ERIC), a pan-European research infrastructure. BBMRI-ERIC facilitates access to 
high-quality samples and data from over 500 biobanks and sample collections across 21 EU countries 
(17). The BBMRI-ERIC Directory is a useful tool that shares aggregated data about biobanks across 
Europe that are open to collaboration and provide access to others.  

Patient registries  

Simply defined, patient registries refer to a collection of standardised information about a group of 
individuals who share a condition or experience (18). It is an umbrella term that includes product 
registries, health services registries, disease/conditions registries, and a combination of all three (18). 
Patient registries play an integral role within healthcare by acting as a catalyst to improve health 
outcomes, reduce healthcare costs, and increase the value of healthcare services (19). 
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Research or clinical-led registries  

Traditionally, patient registries—mainly health services, product, and/or disease registries—were 
researcher-generated. Clinical or research institutions used private or public funds to collect 
observational data for a pre-defined purpose (18). Particularly popular were disease, especially rare 
disease, registries, as they provided a wealth of information and key insights into the course of disease 
(20). Acknowledging the utility of registries, countries, especially Sweden, Denmark, Australia, UK, and 
USA, started setting up and funding their own national registries for various purposes including 
monitoring of quality of care for specific conditions (21). For example, Sweden’s national registry for 
acute coronary care played an integral role in improving Swedish hospitals’ adherence to nine 
interventions recommended by the European Society of Cardiology, resulting in decreasing the 
average thirty-day mortality rate for patients who had an acute heart attack by 65% and the one-year 
mortality rate by 49% (21). Patient registries are now integrated into routine clinical practice with 
systematic data capture through electronic health records (22). In some instances such as the Swedish 
Multiple Sclerosis registry they have been developed into clinical support systems (23). Another 
initiative are European Reference Networks (ERNs) for rare and low prevalent complex diseases15 
which now includes 24 different networks and 25 countries. 

Patient registries are a crucial resource within healthcare and research, as they enable healthcare 
providers to compare, identify, and adopt best practices to care and treat patients (19). Additionally, 
as personalised medicine further develops, the number of patients per treatment will decrease, 
initiating different types of collaborations between research centres. Patient registries are in a unique 
position to promote this collaboration and enable compilation of patient data that will withstand 
rigorous analysis (24). 

Patient powered registries  

Another type of registries are patient powered registries (PPR).  PPRs can take many forms and the 
definition of the term has been debated. It ranges from research-generated patient registries where 
patients contribute with data in the form of patient reported outcomes to registries run (“powered”) 
by patient organisations or family members who then manage and control the collection of data, the 
research agenda for the data, and/or the translation and dissemination of the research from the data 
(18). An example of a research initiated registry where patients are now actively contributing data is 
the Swedish Multiple Sclerosis registry where patient-reported outcomes (PROMs) are captured using 
standardised questionnaires capturing different disease symptoms such as the Multiple Sclerosis 
Impact Scale (MSIS-29) and EuroQuol 5D (EQ5D) (23). One advantage of using PROMs is more frequent 
reporting than can be achieved when symptoms are reported by a physician during a clinical visit. 

The earliest documented advocacy network run by PPR is the Hereditary Disease Foundation, initiated 
in 1983 with the goal of providing updated information to patients suffering from Huntington Disease 
and their families as well as collecting samples to advance the research16. In 2012 it was estimated 
that 45% of disease advocacy organisations supported PPRs or biobanks (25). PPRs run by patient 
organisations are sometimes used as a way of recruiting patients into clinical trials, an example being 

                                                           
15 https://webgate.ec.europa.eu/ern/ 
16 https://www.hdfoundation.org/ 

https://webgate.ec.europa.eu/ern/
https://www.hdfoundation.org/
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TMJ association17.There have been concerns raised regarding quality of data in PPRs, it is likely that 
there is a bias in recruitment resulting in over representation of educated and motivated patients and 
families. In addition, the standardisation of data collection is usually less mature than in research or 
clinical-led registries but still in many cases valuable information not available anywhere else can be 
found in PPRs, this is especially true for rare diseases (18).  

Clinical trial registries  

A clinical trial registry is a platform that catalogues clinical trials and its respective results. They contain 
metadata from clinical studies and occasionally (aggregate) analysis results. An example of this 
platform is the International Clinical Trials Registry Platform (ICTRP) launched by the World Health 
Organisation (WHO) in 2006. ICTRP has 17 data providers, such as ClinicalTrials.gov and EU Clinical 
Trials Register (EU-CTR).  

There are many different types of clinical trials, with varied structures, and can be registered by 
different authorities such as the principle investigator, trial sponsor (eg. pharmaceutical company) or 
trial organiser (eg. a contract research organisation). Registration of clinical trials and submission of 
corresponding results is mandatory in accordance with Section 801 of the Food and Drug 
Administration Amendments Act (FDAAA 801) and Regulation (EU) No 536/2014). Clinical trial 
registries serve to increase transparency and support unbiased reporting of trial results, as well as 
identify gaps and prevent unnecessary duplication (26). Additionally, they also help to coordinate 
multinational clinical trials and aim to facilitate recruitment by making healthcare providers and 
potential participants aware of actively recruiting trials18. Deposition of clinical trial data (similar to 
cohort data) into repositories can serve to safely and effectively share data from these studies.  

Concerns about clinical trial registries   

Overall, clinical trial registries are an extremely useful tool to help further personalised medicine. 
However, there remain challenges in their creations and/or use, including a lack of: coordination 
between national and international initiatives, harmonised data structures, data sharing and 
transparency, as well as sustainability19.  

Attempting to address the lack of coordination, data sharing, and transparency WHO launched the 
ICTRP to make information about all clinical trials involving human beings across the globe publicly 
available (27).  

Simultaneously, the European Clinical Research Infrastructure Network (ECRIN) is addressing the lack 
of standardised protocols and data structures, as well as sustainability of patient registries, specifically 
clinical trials registries. ECRIN links scientific partners and networks across Europe in order to facilitate 
multinational clinical research. ECRIN’s scientific partners actively work to develop shared tools, 
procedures, and practices to facilitate multicentre studies and manage outcomes data. ECRIN's 
Metadata Repository (MDR), largely based on data from trial registries and PubMed, is a tool that 
greatly facilitates the identification and access to data from clinical trials that have ended by 

                                                           
17 http://www.tmj.org/ 
18 https://www.who.int/clinical-trials-registry-platform 
19 https://www.ema.europa.eu/en/human-regulatory/post-authorisation/patient-registries# 

http://www.tmj.org/
https://www.who.int/clinical-trials-registry-platform
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/patient-registries%23


EU-STANDS4PM – EU-wide mapping report on databases, collections and registries 

11 

 

centralising the information and providing a single point of access20. The MDR also distinguishes 
registry results entries from the original registration and gives each entry a separate link. Data is 
collected and aggregated and presented in a searchable form, to allow a broad array of uses. 

In addition, although patient registries are able to capture data that is reflective of the “real-world” 
and representative of the patient population. However, interpretation of the data requires analytic 
methodology that addresses the bias that is present within observational studies.   

Administrative health data 

In the absence of cohort data administrative health data offers a cheap alternative to cohort data. The 
advantages of administrative health data include large numbers, often population level coverage, 
minimal data loss, and systematic collection of data over long periods of time. Since administrative 
data is generated through the routine administration of health care and for purposes related to 
payment, reimbursement, caution should be taken when administrative health data is used to answer 
research questions.  For example, in many of the Nordic countries it is possible use the social security 
number to link information in different administrative health registries such as the National Patient 
Register providing details of inpatient and outpatient diagnoses as well as medical procedures,  
Prescribed Drug Register providing detailed information on pharmacological treatments and 
Longitudinal integrated database for health insurance and labour market studies providing health 
insurance, parental insurance, and unemployment insurance which also if connected to molecular 
data provides excellent source for personalised medicine research. 

Adverse events database  

Adverse reactions are a significant cause of morbidity and mortality. While these events cannot be 
eliminated, they can be minimised by tailoring treatments to individuals. Adverse events databases 
such as SIDER 4.1: Side Effect Resource21, US FDA Adverse Event Reporting System (FAERS)22, and the 
European Database of Suspected Adverse Drug Reactions23 contain information on marketed 
medicines and devices and their recorded adverse drug reactions. These databases help refine current 
pharmacovigilance strategies to better personalise drug and device treatment by helping the general 
public, as well as regulatory authorities to monitor the safety of a device or active substance.  

There is no comprehensive database of data sources that may be useful for personalised medicine 
research. It is also unclear what type of data is available in different types of studies. Hence we 
designed an internet based survey with the aim of characterising different data sources relevant for 
personalised medicine.  

  

                                                           
20 https://ecrin.org/clinical-research-metadata-repository 
21 http://sideeffects.embl.de/ 
22 https://www.fda.gov/drugs/surveillance/questions-and-answers-fdas-adverse-event-reporting-system-faers 
23 https://www.adrreports.eu/ 

https://ecrin.org/clinical-research-metadata-repository
https://www.adrreports.eu/
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EU-STANDS4PM survey results   

To characterise the opportunities and challenges for data driven Personalised Medicine analysis and 
modelling we designed a survey covering the relevant data resources.  The survey consisted of 92 
questions of which 52 concerned data and data standards relevant for PM and are analysed in this 
deliverable. These questions included context-dependent drill-downs to capture specific details for 
each data resource (see   appendix I). The remaining questions concerning, e.g., data access and 
modelling are analysed in WP2-4. The survey was distributed through the network of contacts within 
EU-STANDS 4PM. There were a total of 71 respondents to the survey, out of which 77% (n=55) 
indicated that they were aware of potential data source(s) relevant to personalised medicine. 
Responses were predominantly covering data sources coordinated within EU member states (88%), 
with 33% of the respondents were involved in EU funded projects/initiatives. 

Type of data source  

The most common type of datasets (or projects) (n=51) was cohort studies (39%), followed by 
consortium studies (18%), Biobanks (8%), general (12%) and disease specific registries (6%), Health 
Administrative data (2%) and other types of datasets (16%). The number of individuals in the datasets 
(or projects) ranged from 2 - 27 million with an average of 5 million/dataset. The largest datasets are 
registry or biobank based. Small datasets are dominated by cohort studies as can be seen in Figure 1.  

 

Figure 1. Size of data source divided by type of data source. 

The primary research question that the data was gathered to answer was to identify disease risk or 
progression (25%), followed by prediction of disease onset (20%) and determination of disease targets 
and biomarkers (12%), although most datasets were collected to answer multiple questions. 

Commonly data was generated within mixed research and clinical settings (44%), research studies 
(30%) or clinicals setting (17%). Standard formats or format guidelines of the data was highly variable 
and only reported for 48 of the 71 respondents. ICD-10 was the most commonly reported standard 
(40%), followed by “Other” (29%), “None available” (15%), and SNOMED-CT (4%). Within the “Other” 
free text section, respondents stated that ICD 9 was widely used. Free text responses also included 
mentions of OpenEHR (Electronic Health Records), an open source software available to use consisting 
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of open specifications, clinical models and software that can be used to create standards and build 
information and interoperability solutions for healthcare. DICOM, which is the international standard 
to transmit, store, retrieve, print, process, and display medical imaging data is also used in several 
instances.  

Type of data collected  

Demographic information has been collected in most of the datasets (74%). Sex (83%), date of birth 
(69%) is the most common demographic data collected, followed by place of residence and ethnicity 
(both 37%).  

Biomolecular data that is gathered in 77% of the respondents. The most common type of data is 
genotype (65%) and sequence data (56%), followed by expression (55%) and epigenetic data (31%). It 
is notable that this type of data is mainly available in consortium and cohort studies (Figure 2).  

 

Figure 2. Type of biological data collected divided by type of data source. 

Metadata such as data source, methodology of data generation, quality control and description of 
pre-analytic steps are important when reusing data and combining data from different sources. 
Remarkably, such data is often not available, especially for proteomic and metabolomic data, as shown 
in Figure 3.  

 

Figure 3. Type of metadata collected divided by type of biological data. 
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Traits (e.g. case/control status or healthy/non-healthy) are being collected in 60% of the studies, 
general clinical information and disease specific clinical information is collected in 66% and 67% of the 
studies respectively.  Comorbidity data is mainly specialist physician (43%), registry (34%) or electronic 
medical record (26%) and rarely from general practitioners (11%). Distribution of use of these different 
sources for comorbidity is similar between different types of studies although general practitioners 
are only used as a source in cohort and registry data (Figure 4).  

 

Figure 4. Source of data on comorbidities divided by data source. 

ICD standards are used roughly to the same extent in all types of studies, but in less than 35% of them 
to record co-morbidity. 

Data on medication is mainly collected from clinical specialists (37%) or registries (34%).  The ATC 
standard for medication data is used in less than 32% of the studies and mainly found in in biobanks 
(32%) and health and administrative data sources (32%). 

The main source of data on hospitalisation is from electronic medical records (28%) followed by clinical 
specialists (25%) and registries (25%). ICD standards are used mainly in biobank and health and 
administrative studies for hospitalisation data (33% for both).The most common disease specific data 
to collect is date of disease onset followed by disease specific treatment (Figure 5). 

 

Figure 5. Type of disease specific data collected divided by data source. 



EU-STANDS4PM – EU-wide mapping report on databases, collections and registries 

15 

 

Lifestyle and environmental exposure data was collected in only 36% data sources. The most common 
exposure to be captured in these studies was smoking 95%, body weight (79%) and physical activity 
(68%, Figure 6).  

Figure 6. Types of environmental/lifestyle exposures that are gathered. 
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Discussion 

Europe is host to a wealth of data resources relevant to development of PM, for instance the GWAS 
catalogue24 summarises data from over 5400 case-control studies and catalogues of biobanks, 
specialised cohort studies and disease registries have been constructed in many European 
collaboration. However, data discovery remains a major challenge:   currently, a comprehensive 
catalogue of data sources that could be relevant to further personalised medicine research does not 
exist. Additionally, the type of data available within relevant sources is often unclear and to the best 
of our knowledge there is no study available on the limitations of the different studies for personalised 
medicine. The EU-STANDS4PM survey results reported here, while only constituting a limited sample, 
aims to fill that gap by providing a more detailed view on opportunities and limitations.  Cohort data 
was the largest source of data in the survey, with fewer responses covering biobanks, registries, and 
hospital administration as sources of data.  

Contrasting cohort data, only 2% of participants cited health administrative data as a sources relevant 
to personalised medicine. Health data such as health administrative data is often housed in healthcare 
facilities and cannot leave its jurisdictional boundaries, making it increasingly difficult to discover, 
access, and use for research purposes. However, such data has the advantage that it is usually covering 
a large proportion of the population and usually represents the patient population well. These 
datasets play a vital role in health research, as they can be used to conduct research for multiple 
therapeutic areas and are able to collect large volumes of data on health, social, economic, 
demographic, and other data. This information can be used to identify patterns, understand the 
impact of diet, environment, income, access to healthcare to truly personalise healthcare. While the 
sample in this survey is limited we surmise that health administrative data is underutilised for 
personalised medicine studies and future actions to mobilise such datasets for development of 
diagnosis, treatments and understanding outcomes between countries and regions would be 
important for development of PM in Europe.  

There is a distinct lack of defined health data standards that are widely used in our survey. This is 
consistent with many other reports on health and personalised medicine data (28).  The development 
of standards is done on a need basis rather than proactive planning for the management of health 
information. There is a competition between standard development organisations (SDOs) which 
results from the natural evolution and expanding scope of the work. This competition forces 
implementers to choose among multiple options and requires an additional step of mapping between 
standards using an interface engine for interoperability when combining data from different sources. 
With regards to standard formats, ICD codes, in particular ICD10 and ICD9 were listed as being most 
widely used. A noteworthy other format used was openEHR, an open source software that is freely 
available and easy to adapt. It consists of open specifications, clinical models, and software that can 
be used to create standards, and build information and interoperability solutions for healthcare. 
Standards are also well developed and widely used in the field of genomics data. Medical imaging data 
is quite hard to capture, and the current standard being used is DICOM, which is the international 
standard to transmit, store, retrieve, print, process, and display medical imaging data is also used in 
several instances. [ note that standards are covering different sources and modalities, useful overview 
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in IMI EDHEN deliverable; as more and more data is collected in clinical settings standards such as 
OMOP (epi) and HL7 FHIR (EHR exchange) will become important, note the challenge of training and 
implement convergent practices in a very large number of research performing organisations across 
Europe] 

Most of the data resources in our survey contain data on biomolecular profiling such as genotyping, 
soluble biomarkers, proteomics or metabolomics data. However, it is well established that 
biomolecular profiles can change markedly during sample collection, storage and pre-processing, 
limiting reproducibility and comparability of studies and collection (29). Variability may also make 
outcomes and diagnostics unreliable as the results from studies are not translatable to a routine 
clinical setting (30). Hence it is notable that many, if not most, of the studies in our survey report that 
data on methods of data generation, quality control procedures and pre-analytical steps is missing. 
European projects such as SPIDIA4P25 has developed procedures and standards to accurately capture 
such aspects, the widespread adoption of these standards and recommendations across European 
research performing organisations would be important for reproducible research and for generating 
large, comparable and high quality datasets for e.g. artificial intelligence based biomarker 
development.  

In the data sources covered in our survey there is little information tracking the treatment regimens 
patients’ were prescribed, and tracking of their response to these treatments (clinically, physically and 
on a molecular level). One of the main goals in PM is to predict which individual should be given which 
treatment. Such predictions would come from modelling responses to treatment. Lack of data on 
response to treatment is hence a huge barrier to fully achieve PM. For many of the existing data 
sources it was not even captured which treatment patients had been given, for how long or which 
dose of treatment was used. This type of data is obviously central for PM. Often the available data 
seems more suitable for modelling different biological processes which can be indirectly relevant for 
PM but do not directly address response to different treatments and therefore is quite far from being 
useful in clinical practice. The lack of this type of data in the surveyed studies could be addressed by 
using administrative data and electronic health records. Similarly, there was a mixed response for 
health status information, and this would be a point to note going forward. Lifestyle and 
environmental exposures are only captured in a minority of the surveyed studies. Exposures such as 
smoking, body mass index are likely to greatly impact the outcome of many diseases and are therefore 
relevant in PM. 

  

                                                           
25 https://www.spidia.eu/ 
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Recommendations 

FAIR starts with findability 

Arguably the most critical part to develop the European PM data landscape is Findability - without 
visibility of relevant research and clinical data, however well annotated, it is lost and will not inform 
diagnosis and treatment. Our survey sampled but a small part of the overall relevant data resources; 
there is no comprehensive catalogue – or even methodology for generating such catalogues without 
extensive manual curation implemented on a European scale. The overall landscape is fragmented but 
good examples exist – for instance in EJP RD26  the findability support - discoverability of catalogues, 
of its hosted products/metadata, provenance mechanism to trace back sources, with appropriate web 
search and/or machine accessible and well documented API - has proceeded through e.g. high level 
support for ERN catalogues, development of “Beacons” to aid identification of relevant variants for 
rare diseases and through the promotion of standards such as “Phenopackets” (ISO 4454). 

Foster debate through common understanding of challenges and solutions at 
multiple levels 

The data landscape for personalised medicine is complex, sitting at the nexus between research, 
clinical care and health care administration. There is a lack of generic ‘terminology’ for the collection, 
analysis, and interpretation of data. There is a gap in the researchers’ understanding of standards 
terminology and that of the policy makers (31). In order for collaboration between health data 
researchers, frontline caregivers, and policymakers to implement PM in healthcare systems, a 
common understanding of the challenges – stretching from reproducible capturing sample and data 
processing, through to use of common terminologies, data standards and managing trust, data 
protection and privacy. Standard terminology should be used in European Commission documentation 
to ensure a similar level of understanding and awareness for both policymakers and researchers.  

Data-driven PM requires high-quality European data sets and cohorts 

Many of the data resources surveyed in this report did not capture metadata on pre-processing of 
samples and on data analysis. Tools, guidelines and standards to remedy this situation exist – for 
instance through the Spidia/Spidia4p projects. These should be implemented broadly – via training 
programmes and funder mandates. In addition, recommendations for capturing treatment using 
standard measures are available, these should be coupled to measures of disease outcome in order 
to better define response to treatment. However, it is important to note that while standardisation of 
disease codes will help interoperability, it is also the diversity of standards that supports a wide range 
of use-cases and contexts for data reuse (32, 33). There is a role for funding organisations to mandate 
this in their grants and for research performing organisations to report on how their data is used to 
foster new insights and improved clinical care.  

                                                           
26 https://www.ejprarediseases.org/ 
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Accessibility to health data from different jurisdictions will promote acceleration 
of PM research 

However, it is important to note the different jurisdictions have different needs and the health data is 
governed according to those needs. A federated model (similar to the FEGA) would help overcome 
some of the difficulties in accessing health data. The EU Health Data will help support healthcare 
delivery (so-called primary use of data) but also for health research and health policy making purposes 
(so-called secondary use of data). 

In summary, Europe hosts a large number of data resources that can provide valuable insights and 
constitute a foundation for data driven personalised medicine. The present survey has identified a 
number of important limitations that prevent effective use of this large, but heterogeneous and 
fragmented data landscape. However, there are also many examples of good practice in the field – 
providing large, well annotated resources that inform data-driven personalised medicine. The 
challenge is to scale these individual examples of good practice into a European-level effort and build 
momentum towards the large multi-national data sets required for advanced analytics and learning 
approaches. Only by large, well annotated and diverse datasets can we overcome the risks of bias and 
limited applicability inherent in artificial intelligence.  
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Methods 

In October 2019, an invitation to complete the EU-STANDS 4PM survey was sent to the members of 
the consortium. The message contained a link to an electronic survey which was accessible until March 
2020. The link was open and members were asked to forward the link to whoever could contribute. 
The survey was not anonymous, and consent was implied with completion of the survey. 

The survey was developed in collaboration between members of the EU-STANDS 4PM consortium 
using the Survey Report program version 4.3.10.5 housed at Karolinska Institutet.  The survey 
contained a total of 95 questions arranged in two pages. The first 59 questions were focused on the 
general information regarding the data source that the participant expressed familiarity with (e.g. 
ethical considerations, type of dataset). The remaining questions were focused on the modelling 
approaches being employed for the analysis of data collected in the data source. The survey was 
designed in an adaptive manner in which questions were only visible to the participant depending on 
the answers to the previous questions. For example, page two of the survey became available only if 
participants expressed familiarity with modelling approaches. Survey responses were analysed using 
descriptive statistics. 
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Appendix  

Survey Questions  

1. Number of respondents (in standard report) 

2. Number of respondents aware of potential data source(s) suitable for personalised medicine 
research? (in standard report) 

3. What is the type of dataset (in standard report) but should be reported as % of those who have 
responded to the question and those that have answered “other” should be classed into the existing 
groups (most of these have written combinations of listed answers). Group answers for later division 
when illustrating answers to other questions. Suggestion for groups: 

4. Histogram of size of data source (number of individuals). Would be good to also illustrate answers 
to point 3 in this histogram i.e. what type of dataset. 

5. What are the existing standard formats, format guidelines, ontologies etc? Here we probably need 
to classify those that answered other into groups (Some of them are same as the listed ones but have 
more than one standard) (potentially also include groups from point 3 in this plot) 

6. What is the main research question/aim of the study with the collected/generated data? (part of 
standard output, but may need to go though “other” response to see if it can be classified into any of 
given answers. May also want to group those answers that are obviously relevant to precision 
medicine into one group to be used when dividing up results in some of the later questions) 

7. Is demographic data being collected? (Part of standard output, but also divide up based on answer 
to point 6 grouped and in other plot grouped based on answers to point 3) 

8. What demographic data is being collected? (Part of standard output, but also divide up based on 
answer to point 6 grouped and in other plot grouped based on answers to point 3) 

9. Is biological data being collected? (Part of standard output, but also divide up based on answer to 
point 6 grouped and in other plot grouped based on answers to point 3) 

10. Is biological data being collected? What type? (combines answers from several questions, probably 
do not need yes in plot/table but rather express as % of those that answer yes (Potentially divided up 
by answer to point 3 and 6) 

11. What expression data is being collected? (part of standard output) 

12. What sequence data is being collected? (part of standard output) 

13. What proteomics data is being collected? (part of standard output) 

14. What metabolomics data is being collected? (part of standard output) 

15. What epigenetic data is being collected? (part of standard output) 

16. What microbiome data is being collected? (part of standard output) 

17. What type of data is being collected? (answers from several questions) 
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18. Other types of data being collected (based on answers to several different questions, probably 
should be % rather than n) 

19. How is the comorbidity data being collected and from which source(Part of standard output, but 
also divide up based on answer to point 6 grouped and in other plot grouped based on answers to 
point 3 ) 

20. How is the medication data being collected and from which source? (Part of standard output, but 
also divide up based on answer to point 6 grouped and in other plot grouped based on answers to 
point 3) 

21. How is the hospitalisation data being collected and from which source? (Part of standard output, 
but also divide up based on answer to point 6 grouped and in other plot grouped based on answers to 
point 3) 

22. If data on hospitalisation is being recorded, is the reason for hospitalisation mentioned? (part of 
standard output) 

23. If data on hospitalisation is being recorded, is the length/date of stay mentioned? (part of standard 
output) 

24. How is data being collected? (based on answers to several questions) 

25. Is disease specific clinical data being collected? (Part of standard output, but also divide up based 
on answer to point 6 grouped and in other plot grouped based on answers to point 3) 

26. Is the date of disease onset (first disease manifestation or symptoms) being reported? 

27. Is the date of diagnosis being reported? (Part of standard output, but also divide up based on 
answer to point 6 grouped and in other plot grouped based on answers to point 3) 

28. Are the specific disease’s severity measures being reported? (Part of standard output, but also 
divide up based on answer to point 6 grouped and in other plot grouped based on answers to point 3) 

29. Are the specific disease’s treatments being reported? (Part of standard output, but also divide up 
based on answer to point 6 grouped and in other plot grouped based on answers to point 3) 

30. Is treatment response (in any form) being reported? 

31. Are adverse events being recorded? (Part of standard output, but also divide up based on answer 
to point 6 grouped and in other plot grouped based on answers to point 3) 

32. Is paraclinical data being collected? (Part of standard output, but also divide up based on answer 
to point 6 grouped and in other plot grouped based on answers to point 3) 

33. What disease specific data is being collected? (based on several different questions, should 
probably be % rather than n) 

34. Is data on environmental exposure and life-style being collected(Part of standard output, but also 
divide up based on answer to point 6 grouped and in other plot grouped based on answers to point 3) 

35. What environmental exposure is collected (based on several different questions, should probably 
be % rather than n) 
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Survey Results 

1. Number of respondents 

N=71 

2. Number of respondents aware of potential data source(s) suitable for personalised medicine 
research? 
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3. What is the type of dataset/study? 

 

 

 

Comments to the question: 
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4. Histogram of data source size. 
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5. What are the existing standard formats, format guidelines, ontologies etc? 

 

 

For those who answered No: 
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Answers divided by type of study: 
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6. What is the main research question/aim of the study with the collected/generated data? 
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Specification of those who answered Other: 

 

Answers divided by purpose of study: 
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7. Is demographic data being collected? 
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Answers divided by type of study: 
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Answers divided by purpose of study: 
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8. What demographic data is being collected?  
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Specifications for those who answered “Other” 

 

Answers divided by type of study: 

 



EU-STANDS4PM – EU-wide mapping report on databases, collections and registries 

38 
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Answers divided by purpose of study: 
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9. Is biological data being collected?  
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Answers divided by type of study: 
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Answers divided by purpose of study: 
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10. Is biological data being collected? What type?  

 

 



EU-STANDS4PM – EU-wide mapping report on databases, collections and registries 

45 

 

Answers divided by type of study: 

 

 

Answers divided by purpose of study: 
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11. What expression data is being collected? 

 

 

 

 

 

 

Specifications of those answering other: 

 

 



EU-STANDS4PM – EU-wide mapping report on databases, collections and registries 

47 

 

12. What sequence data is being collected? 

 

 

 

Specification of those answering other: 
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13. What proteomics data is being collected? 

 

 

 

Specification of those answering other: 
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14. What metabolomics data is being collected? 

 

 

Specification of those answering other: 
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15. What epigenetic data is being collected? 
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16. What microbiome data is being collected? 

 

 

Specifications for those answering other: 
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17. What type of data is being collected? Divided by type of profiling? 
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18. How is the comorbidity data being collected and from which source? 

 

 

 



EU-STANDS4PM – EU-wide mapping report on databases, collections and registries 

56 

 

Answerds divided by type of study 
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Answers divided by purpose of study: 
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19. How is the medication data being collected and from which source? 
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Answers divided by type of study: 
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Answers divided by purpose of study: 
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20. How is the hospitalisation data being collected and from which source? 
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Answers divided by type of study: 
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Answers divided by purpose of study: 
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21. If data on hospitalisation is being recorded, is the reason for hospitalisation mentioned? 

 

 

22. If data on hospitalisation is being recorded, is the length/date of stay mentioned? 
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23. How is data being collected? 
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24. Is disease specific clinical data being collected? 
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Answer divided by type of study: 

 

 

Answer divided by purpose of study: 
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25. Is the date of disease onset (first disease manifestation or symptoms) being reported? 
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Answer divided by type of study: 

 

 

Answer divided by purpose of study: 
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26. Is the date of diagnosis being reported? 
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Answers divided by type of study: 

 

 

 

Answers divided by purpose of study: 
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27. Are the specific disease’s severity measures being reported?  
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Answers divided by type of study: 

 

Answers divided by purpose of study: 
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28. Are the specific disease’s treatments being reported?  
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Which treatment is reported? 
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Answers divided by type of study: 

 

Answers divided by purpose of study: 
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29. Is treatment response (in any form) being reported? 
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What is being reported? 

 

 

Answers divided by type of study: 
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Answers divided by purpose of study: 
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30. Are adverse events being recorded?  

 

 

 

Comments to answers: 
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Answers divided by type of study: 

 

 

Answers divided by purpose of study: 
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31. Is paraclinical data being collected?  

 

 

 

What type of paraclinical data is being collected? 
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Answers divided by type of study: 

 

 

Answers divided by purpose of study: 
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32. What disease specific data being collected? (summary)  
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33. Is data on environmental exposure and life-style being collected? 
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Answers divided by type of study: 

 

 

 

Answers divided by purpose of study: 
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34. What environmental exposure is collected? 
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35. What environmental exposure is collected (based on several different questions, should probably 
be % rather than n)? 
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