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INTRODUCTION 
 
The quality and breadth of data and samples collected 
by cohort studies around the world are providing in-
creasing opportunities to advance knowledge in chronic 
disease aetiology. However, very few individual cohorts 
provide the large sample sizes and accompanying sta-
tistical power required to investigate relatively rare 
diseases or complex gene-gene and gene-environment 
interactions [1-3]. Even large cohorts such as UK 
Biobank [4] and Kadoorie Study [5] will take at least a 
decade to generate sufficient numbers of incident cases 
of diseases such as rheumatoid arthritis or bladder 
cancer [2] and investigators making use of the data 
generated by these cohorts will face important statisti-
cal power limitations when exploring the interactions 
between genetic and environmental risk factors [2,6]. 
To increase the sample sizes available for statistical 
analyses, harmonization and pooling of information 
collected by different studies is increasingly being 
employed [2-3,7]. By making use of existing data 
sources, this approach can allow researchers to address 
important health issues in a relatively shorter and more 
cost-effective manner than through the creation of new 
large research infrastructures. 
 Over the past decade, an increasing number of or-
ganizations have provided networking opportunities, 
achieved collaborative research, and developed resour-
ces to support harmonization and pooling of data be-
tween studies and biobanks. The International Society 
for Biological and Environmental Repositories (ISBER; 
www.isber.org), Biobanking and Biomolecular Resour-
ces Research Infrastructure (BBMRI; www.bbmri.eu), 
European Network of Genomic and Genetic Epidemio-
logy (ENGAGE; www.euengage.org), Promoting Har-
monisation of Epidemiological Biobanks in Europe 
(PHOEBE; www.phoebe-eu.org), Cohorts of Norway 
(CONOR) [8]; and the Public Population Project in 
Genomics (P3G; www.p3g.org) are examples of orga-
nizations that have been pivotal in setting the ground-
work to foster optimal use, exchange and combination 
of data and biological samples. However, the vast 
array of information collected by individual studies, 
the heterogeneity of study designs, collection tools and 
procedures, and the variability of ethical, legal, social 
and cultural contexts still pose major challenges and 

limit the potential to harmonize and pool data. Addres-
sing these challenges requires that networks interested 
in collaborative research and data pooling have access 
to efficient data harmonization tools and methods. To 
date, no organization is offering an integrated suite of 
resources to support comprehensive and systematic 
procedures for data harmonization. A rigorous metho-
dology supported by a suite of software applications 
dedicated to data documentation, harmonization, pro-
cessing and pooling is required to complement the 
work done to date by international organizations wor-
king towards promoting collaborative research. The 
overarching objective of this paper is to present a 
framework for a harmonization platform aiming to 
foster development of such a suite of software and 
methods. 
 
 
APPROACHES TO DATA HARMONIZATION 
 
The goal of data harmonization is to achieve, or im-
prove, compatibility of data collected from similar but 
independent sources in order to enable pooling or 
sharing of information [9]. Data harmonization can be 
achieved through different approaches, each with their 
own shortcomings and advantages [9-11]. Approaches 
to harmonization can be characterized as being either 
(a) prospective or retrospective, and (b) stringent or 
flexible. 
 When harmonization takes place prospectively (i.e. 
prior to data collection), a group of studies may decide 
to make use of identical data collection tools and pro-
cedures [12-13], referred to here as stringent-prospec-
tive harmonization. Under this approach, once consen-
sus on the specific measures and standard operating 
procedures is attained amongst participating study 
investigators, and used to collect data, harmonization 
is relatively straightforward and data collected can be 
considered as standardized across different studies. 
However, as stringent-prospective harmonization al-
lows no flexibility, it is not possible to adapt data col-
lection tools and procedures to the specific cultural or 
scientific contexts of individual studies. Although this 
approach provides standardized and thus compatible 
data, imposing identical measures and procedures 
across a large number of studies is very challenging. 
 As an alternative to stringent harmonization, flexible 
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harmonization has also been proposed by Fortier et al. 
[11]. Under flexible-prospective harmonization, inves-
tigators of a network will agree on common variables 
but allow some flexibility for individual studies to 
adapt data collection to their specific needs. However, 
to allow pooling, a rigorous assessment of heterogene-
ity is required and the information each study conveys 
needs to be deemed similar enough for the specific 
scientific purpose of the research program. The EPIC 
study (European Prospective Investigation into Cancer 
and Nutrition) [14] and Canadian Partnership for 
Tomorrow Project [15] are two examples of flexible-
prospective harmonization initiatives. Coordination 
amongst participating data collection centres has been 
central to both of these longitudinal projects in order to 
ensure data compatibility. However, a certain level of 
flexibility in centre-specific assessment methods is 
allowed in order to better measure regional/cultural 
variations and to account for centre-specific scientific 
foci. Since both prospective approaches (stringent and 
flexible) require the implementation of identical or 
compatible procedures in emerging studies and the 
collection of new data, they necessitate a substantial 
amount of time and resources to generate results. 
 In addition to prospective approaches, consortia may 
wish to make use of retrospective harmonization to 
support pooling of existing data. Since very few estab-
lished studies have used identical collection methods 
and procedures, retrospective harmonisation, by design, 
has to be flexible. Under this approach, information 
conveyed by each study has to be systematically asses-
sed to determine the level of compatibility between 
studies [16]. This methodology typically involves de-
fining a set of target variables to be pooled and deter-
mining the potential for each study to generate each 
target variable. The DataSHaPER [17] and the Integra-
ted Public Use Microdata Series (IPUMS)-Internatio-
nal [18] projects are examples of research initiatives in 
the health and social sciences that have made use of 
systematic retrospective harmonization approaches to 
assess compatibility of existing data. As demonstrated 
by these initiatives, the retrospective harmonization 
process demands time and access to appropriate exper-
tise and adequate methodologies. Compared to pros-
pective harmonization, the quantity of valid data that 
can be harmonized is limited and is directly linked to 
the heterogeneity of studies and collection tools. How-
ever, given the potential to make use of previously 
collected data, the main advantage of retrospective 
harmonization is that it can be achieved with relatively 
modest time and costs. 
 
 
HARMONIZATION PLATFORM 
 
Research funders are increasingly emphasizing the im-
portance of data sharing and secondary analysis of 
publicly funded datasets [19-21] as a means to maxi-
mize the research potential of existing resources and 
provide greater returns on research investments. More-

over, many major funding bodies have recently agreed 
upon common principles and goals to increase the 
accessibility of health research data [22]. Ensuring that 
data is made widely available to the research commu-
nity will stimulate the development of harmonization 
programs and hopefully promote the development of 
high impact and cost-effective research strategies. 
 To support the increasing need for data pooling, 
access to user-friendly software and standard harmoni-
zation procedures are required. However, no central 
resource is currently available to provide access to a 
repository of software, guidelines and technical 
support facilitating the documentation, harmonization, 
processing and pooling of data. The need for such a 
resource has shaped the proposal for a platform to 
support data harmonization efforts. Creation of this 
platform is facilitated by existing harmonization tools 
developed over the past half a decade under the um-
brella of the Public Population Project in Genomics 
(P3G) and its partner projects [16,23-25]. Initial 
development of the platform is supported by P3G, 
BioSHaRE-EU (Biobank Standardization and Harmo-
nization for Research Excellence in the European 
Union), the Canadian Longitudinal Study on Aging 
[26], and the Canadian Partnership for Tomorrow pro-
ject [15]. 
 A five-step methodology is proposed by the plat-
form to provide a solid framework for retrospective 
harmonization. As a first step of this methodology, 
participating study attributes and type of information 
collected (e.g. data, samples) have to be described. 
Information such as study designs, sampling protocols, 
and data access policies must be formally documented 
in order to evaluate sources of study heterogeneity and 
feasibility of harmonization. All relevant information 
describing data elements and collection modes such as 
data dictionaries, questionnaires and standard opera-
ting procedures must also be catalogued to assess the 
compatibility of data collected by individual studies. 
Steps 2, 3, and 4 aim to respectively, identify variables 
that will serve as reference for harmonization, evaluate 
the potential for each study to generate these variables, 
and process individual study data under a common 
format. In step 2, target variables to be harmonized be-
tween studies are selected and defined. Step 3 involves 
the development of rules which determine the specific 
information each study needs to collect to generate tar-
get variables. These rules are then applied to conduct a 
systematic evaluation of the potential for each partici-
pating study to generate the target variables. In step 4, 
processing algorithms are developed and used to 
process study data into the common target variable 
format. Processed data is then aggregated in a derived 
database of harmonized variables. In the fifth and last 
step, pooled data is disseminated to investigators and 
appropriate statistical analyses are conducted. The 
whole process must necessarily be conducted in the 
utmost respect for ethical considerations related to the 
use of data from each participating study. Encrypting 
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the data by changing participant identifiers or sharing 
aggregated data only are examples of methods used to 
ensure respect of privacy and confidentiality of 
individual-level data. 
 For each step outlined, open-source web-based soft-
ware are being developed to facilitate and streamline 
the entire harmonization process. Construction of these 
software is facilitated by the availability of tools such 
as: the P3G Catalogues, which allow documentation of 
studies; the DataSHaPER, which supports identification 
of variables serving as reference for harmonization and 
evaluation of the compatibility of information collected 
by multiple studies; and Opal and Mica, two software 
applications which support processing of data under a 
common format and facilitate the management and 
dissemination of harmonized databases. The suite of 
software is mainly written in Java and makes use of 
well established open source frameworks. In order to 
encourage uptake among potential users, all platform 
software will be licensed under the open source GPL3 
licence and made freely accessible to the scientific 
community. Opal and Mica can already be downloaded 
from the OBiBa website (Open Source Software for 
BioBanks; www.obiba.org). A website hosting the new 
integrated suite of software and guiding users through 
each step of the harmonization process will be availa-
ble in the near future. 

CONCLUSION 
 
While a considerable number of harmonization initia-
tives have been established over the past decade, rela-
tively little attention has been attributed to methodo-
logies and tools used to achieve data harmonization and 
pooling in the literature. The harmonization platform 
initiative aims to offer a structured resource that sup-
ports achievement and documentation of rigorous data 
harmonization programs. As a methodological resource 
for study consortia and networks, the platform will 
create opportunities for collaborative use of research 
infrastructures and will promote innovative research 
within the epidemiological, public health, genomics, 
and social sciences communities. By facilitating data 
harmonization and pooling, we hope to help enhance 
the capacity of individual studies to improve the health 
and well-being of the population. 
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